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Abstract

Iceland has in the past been known for its high iodine status due to high fish consumption.
Fish together with milk and other dairy products are the main sources of iodine in the
Icelandic diet. In recent years fish intake has decreased, especially among young people. In
addition to being a good source of iodine other health benefits of fish intake have been

established. Mercury intake is however one of the risks associated with fish intake.

The aim of this thesis was to assess the iodine status of Icelandic adolescent girls and to
gather information on intake of fish and milk consumption. Mercury status was additionally

assessed.

A random sample of 350 Icelandic adolescent girls born in the years 1987-1992 was selected
by Statistics Iceland. Of the original sample 145 accepted to participate and 112 completed
the study. Two Food Frequency Questionnaires (FFQ) were used to evaluate food
consumption. A blood sample was taken to measure Thyroid-stimulating hormone (TSH) and

mercury concentration, and a urine sample to measure iodine and creatinine concentration.

The mean urinary iodine concentration was found to be 186ug/l (SD 145) and the median
140pg/l. When iodine concentration was adjusted for urinary creatinine the mean urinary
iodine concentration was 126ug/g (SD 99) and the median 103pg/g. 10-15% of the subjects
had iodine concentration below 50ug/l and 24-31% had iodine concentration below 100ug/1.
Milk and dairy products were the main source of iodine, providing 43% of the iodine in the
diet followed by fish providing 24%. A positive association was seen between milk
consumption and iodine concentration (r=0.275 and p=0.003). The average intake of fish was

less than 15g/day. Fish intake was not directly related to urinary iodine concentration.

The mean mercury concentration in blood was found to be 1.47ug/1 (SD 1.05) and the median
1.32pg/l. A positive correlation was found between fish consumption and mercury
concentration in blood (r=0.416 and p>0.001). However the mercury concentration was far

below exposure limits.



The study showed that the median urinary iodine status of the subjects was optimal but in the
lower end of the optimal range. 10-15% of the subjects were classified as having severe to
moderate iodine deficiency and 24-31% as having mild iodine deficiency. Milk and dairy
products were the major source and determinant of iodine status. Fish intake was below the
recommended intake. Fish intake was not directly related to iodine status in the present study,
fish intake should nevertheless be encouraged due to its contribution to total iodine intake and

multiple health benefits.
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1 Introduction

Iodine deficiency is considered to be one of the most common nutrition disorders in the world
(NNR 2004) and the world’s greatest single cause of preventable brain damage (Delange
2001). Despite a worldwide application of successful iodine supplementation programs over
the last four decades, iodine deficiency remains a major public health problem throughout the
world. In 2004, it was estimated that out of the 2 billion people around the world that are at
risk of iodine deficiency, 20 percent live in Europe, with Eastern and Western Europe being
both affected. All European countries except Iceland have experienced this health and
socioeconomic threat to a greater or lesser extent (WHO/UNICEF 2007). The fact that mild to
severe iodine deficiency persists in many European countries has important public health
consequences, including impaired intellectual development of infants and children (Delange
2002). Iceland has in the past been known for its high iodine status due to high fish
consumption. In the Icelandic National Nutrition Survey 2002, fish was the main source of
iodine from the diet. However, fish intake had decreased significantly from previous study
conducted in 1990, especially among young people (Steingrimsdottir et al. 2003). This calls

for the importance of evaluating iodine status in the Icelandic population.

Seafood is an important part of a healthy diet but is also a dietary source of heavy metals and
organic pollutants (Sioen et al. 2007a). Mercury is the most dangerous of all the heavy metals
(Salonen et al. 1995). All mercury compounds are toxic to humans and animals, but the
organic forms, methyl mercury and dimethyl mercury, have the highest toxicity (Gochfeld
2003). Seafood is the predominant source of human exposure to methyl mercury (WHO
2007). Children exposed to high levels of methyl mercury in uterus have exhibited a variety
of developmental neurological abnormalities. The developing brain is thought to be the most
sensitive organ for methyl mercury toxicity (WHO 2008). High mercury levels have not been

shown in fish species commonly eaten in Iceland.

In this study, the subjects were questioned about their food consumption and their iodine and
mercury status was assessed. This kind of study has not been conducted in Iceland before and
might therefore have significant scientific value and add to the existing knowledge on the diet
of Icelanders. Adolescent girls are future mothers to be and the nutrients covered in this thesis

are important to fetal development and the health of both mother and child.



Aims of the study were to:

e Assess iodine and mercury status of Icelandic adolescent girls.
e (Gather information on fish consumption of Icelandic adolescent girls.

e Gather information on the consumption of other food sources such as milk and dairy

products among Icelandic adolescent girls.



2 Review of literature

2.1 lodine

Iodine is a trace element present in the human body in small amounts, almost exclusively in
the thyroid gland (WHO/UNICEF 2007). lodine is an essential component of the thyroid
hormones, tetraodothyronine (T4) and triodothyronine (Ts), which are necessary for normal
growth, development and metabolism during pregnancy, infancy and throughout life
(Caldwell et al. 2005). Uptake of iodine by the thyroid is dependent on need. This process is
largely mediated by TSH which is secreted by the anterior pituitary gland. TSH activity
increases in iodine deficiency (Dunn 2006). To meet the demand for adequate hormones, the
thyroid has developed an elaborate mechanism for concentrating iodine from the circulation
and converting it into thyroid hormones, which it stores and releases into the circulation as
needed (Dunn 1998). Most of the remaining iodine is excreted in urine (Dunn 2006). The
thyroid hormones act through specific receptors to selectively regulate gene expression in
target tissues, particularly liver, pituitary gland, muscle and developing brain. Inadequate
iodine supply leads first to inadequate hormone production and then to inadequate tissue
response, i.e. hypothyroidism (Dunn 1998). Thyroid hormones promote synthesis of enzymes
and other proteins to increase metabolic activity in tissues. Hyperthyroidism is characterized
by increased nervous activity, temperature, energy consumption and heart rate, whereas
hypothyroidism involves an overall slowing of metabolism, including lower body temperature

and mental and physical sluggishness (Dunn 2006).

2.1.1 Recommendations

The iodine required to prevent goiter is estimated to be 50-75ug/day or approximately 1pug/kg
body weight per day. Long-term intakes below the lower level of intake are associated with an
increased risk of developing deficiency symptoms. The average requirement is estimated to
be 100ug/day iodine for both adult women and men. The recommended intake of iodine is
150pg/day for adults and adolescents. An extra 25ug/day is recommended during pregnancy
and extra 50pg/day during lactation to provide sufficient iodine in the breast milk (NNR
2004). WHO recommends also 150ug/day for adolescents and adults, but 250ug/day for
pregnant and lactating women (WHO/UNICEF 2007).



2.1.2 Sources of iodine

Fish has the highest natural concentration of iodine (Reykdal et al. 2000; Dahl et al. 2004;
Haldimann et al. 2005). Analysis on various Icelandic fish species shows that the iodine
content in haddock is 191pug/100g, in cod 170ug/100g, in wild salmon 36ug/100g and in
farmed salmon 30ug/100g (ISGEM 2008). Marine fish species low in fat, like cod have the
highest iodine contents (Dahl et al. 2004). Iodine in fish reflects the content in the water they
inhabit. A Swiss study showed that marine fish had about six-fold higher iodine level than
freshwater fish (Haldimann et al. 2005). The iodine content in raw food is reduced by cooking
(WHO 1996), boiling or grilling/frying fish results in about 50-82% and 20% respectively

loss of iodine (Harrison et al. 1965).

Another important source of iodine is milk and other dairy products (Reykdal et al. 2000;
Dahl et al. 2004; Haldimann et al. 2005). Icelandic milk, dairy products and eggs are
generally high in iodine (Reykdal et al. 2000). Iodine content of milk and dairy products
varies considerably depending on feed and use of disinfectants containing iodine in
connection with milking (NNR 2004). In Iceland, fish products have traditionally been used
for animal feeding causing high iodine content in milk and dairy products. Fish can contain
between 30-300ug iodine per 100g. There is therefore a considerable amount of iodine in
fishmeal, although some is lost through processing (Reykdal et al. 2000). Iodine content for

various food items is summarized in Table 1.



Table 1: Iodine content in Icelandic food items

Food lodine (ug/100g)
Liverwurst' 13.5
Lamb liver! 12.9
Lamb' 1.2-2.9
Beef' 1.3
Pork' 2.7
Chicken' 3.2
Cheese, 26%' 42
Milk' 9.7-12.7
Skyr' 23
Eggs' 57.2
Chocolate, bitter! 2.3
Chocolate, milk' 62.3
Haddock, raw” 117-238
Haddock, boiled 220
Wild salmon, raw” 35.8
Salmon, boiled’ 354
Cod, raw” 170

! Reykdal et al. 2000.

? ISGEM 2008.

Iodine is readily enriched in milk, whereas meat of dairy cows does not have high
concentrations (Swanson et al. 1990; Haldimann et al. 2005). In the Icelandic National
Nutrition Survey 2002 fish was the main source of iodine followed by milk and dairy
products (Steingrimsdottir et al. 2003). In Norway, milk and dairy products are the main
source of iodine. This is due to high consumption of milk and dairy products combined with
relatively high concentration of iodine in milk because of mandatory iodine fortification of
cow feed since 1950 (Dahl et al. 2004; Brantsater et al. 2007). In the U.S., dairy products are
also the most important source of iodine (Dunn 2006). In a study conducted in Switzerland,
bread was shown to be the major dietary source of iodine, which is due to the use of iodized
salt. Milk contained also relatively high amounts of iodine which can be partially explained
by iodized cattle feed supplements used in the dairy industry (Haldimann et al. 2005). As the
only source of iodine in humans is through diet, iodine deficiency can be corrected either
through iodine supplementation or alternatively by consuming food produced in iodine
sufficient areas. In industrialized societies, diet diversity is the main ensurance for adequate
iodine intake. That might explain why iodine deficiency today is more likely to occur in poor
and more remote areas, even of industrialized Europe, for economical reasons rather than

geographical location (Vitti 2001).



2.1.3 lodine intake

Regular consumption of fish, both fatty and lean varieties is recommended as a part of a
balanced diet. The Public Health Institute of Iceland (2006) recommends fish consumption at
least twice a week as a main meal, in addition to fish used as bread spread and in salads. Two
fish meals a week contribute to the total iodine intake but recommendations are also based on
the fact that fish is a good source of nutrients such as selenium, vitamin D and long-chain n-3
fatty acids (NNR 2004). Fish reduces the risk of cardiovascular disease (Whelton et al. 2004).
Furthermore, intake of fish and fish oil has been negatively linked to many other diseases
such as stroke, hypertension (Mozaffarian 2007) rheumatoid arthritis (Pattison et al. 2004)
and non-insulin dependent diabetes mellitus (Ukropec et al. 2003). Fish consumption has also
been shown to have positive effects on weight loss (Thorsdottir et al. 2007). Fish can however
be a contributor of contaminants in the diet such as mercury and polychlorinated biphenyls
(PCB). High fish intake used to be one of the main characteristics of the Icelandic diet and
was higher than in any other European country in 1990. The Icelandic National Nutrition
Survey conducted in 2002 showed a dramatic drop in fish consumption from 1990, with a
30% decrease in the average fish consumption of adults. Adolescent girls aged 15-19 years
old were reported to consume only 15g fish per day and received only 2/3 of the
recommended intake of iodine on average (Steingrimsdottir et al. 2003). Another Icelandic
study reported fish consumption only 20g/day for 15 years old girls. The median iodine intake
was only 115pug/day and 44% did not to meet their daily recommendations (Thorsdottir and
Gunnarsdottir 2006). If a single portion of fish is estimated to be approximately 150g, the
previously reported average intake of the Icelandic adolescent girls does not meet the twice a

week recommendation.

Milk is another important source of iodine. The recommended intake of milk and dairy
products is two glasses, bowls or cans a day, preferably products that are low in fat and added
sugar. Cheese can count as a dairy product and 25g of cheese is equivalent to one portion.
Those who do not consume dairy products can use calcium enriched soy milk or calcium
supplements (Public Health Institute of Iceland 2006). The recommendation for milk
consumption is based on the notion that milk provides several nutrients e.g. calcium,
potassium, riboflavin and selenium (NNR 2004). Adolescents are encouraged to consume
three portions to reach the daily recommendation (Thorsdottir and Gunnarsdottir 2006). In the

Icelandic National Nutrition Survey 2002, adolescent girls aged 15-19 years old had an



average consumption of 3.2 portions of milk and dairy products per day (Steingrimsdottir et
al. 2003). Another Icelandic study on children 9-15 years old showed that 15 years old girls
consumed on average 3.3 portions of milk and dairy products (Thorsdottir and Gunnarsdottir

2006) which is in accordance with recommendations.

2.1.4 lodine Deficiency Disorders

When the physiological requirements for iodine are not met, a series of functional and
developmental abnormalities occur. This includes thyroid function abnormalities and when
iodine deficiency is severe, hypothyroidism, endemic goiter and cretinism, endemic mental
retardation, decreased fertility, increased prenatal death and infant mortality. These
complications, which constitute a hindrance to the development of the affected populations,
are grouped under the general heading of Iodine Deficiency Disorders (IDD) (Hetzel 1983).
IDD refers to all ill effects of iodine deficiency that can be prevented by adequate intake of
iodine (WHO/UNICEF/ICCIDD 2001). IDD is best described in relation to four different
phases of life, the fetus, the neonate, the child and adolescent and finally the adult. Disorders
affecting the fetus are e.g. abortions, stillbirths, congenital anomalies, increased prenatal and
infant mortality, cretinism, psychomotor defects and fetal hypothyroidism. Disorders affecting
neonates are e.g. neonatal hypothyroidism and neonatal goiter. Disorders affecting children
and adolescents are e.g. juvenile hypothyroidism, goiter, impaired mental function, retarded
development and cretinism. Disorders affecting adults are e.g. goiter with its complications,

hypothyroidism and impaired mental function (Hetzel 1986).

All degrees of iodine deficiency (mild: iodine intake of 50-99ug/day, moderate: 20-49ug/day
and severe: <20ug/day) affect thyroid function of the mother and the neonate, as well as the
mental development of the child. The damage increases with the degree of the deficiency,
with overt endemic cretinism as the most severe consequence (Delange et al. 2001). Goiter is
the first and most visible sign of iodine deficiency. The thyroid enlarges as an adaptation to
the threat of inadequate hormone. In mild iodine deficiency, the response may be adequate to
preserve euthyroidism, but at the cost of an enlarged thyroid and the attendant risk of neck
compression and eventual hyperfunctioning autonomous nodules with hyperthyroidism. An
insufficient adaptation in adults produces hypothyroidism with its usual clinical stigmata
(Dunn 1998). Cretinism is characterized by gross mental retardation, deaf-mutism, short

stature, spasticity and other neuromuscular retardation. Cretinism from iodine deficiency has



now become rare because of improved iodine nutrition (Dunn 2003). However, less obvious
damage to the brain occurs with milder degrees of iodine deficiency and such damage is much
more widespread within the affected population (Holloweell et al. 1998). Thyroid hormone is
particularly important for myelination of the central nervous system, which is most active in
the prenatal period and during fetal and early postnatal development (Dunn 2006).
Individuals, who are hypothyroid at this critical period, frequently have permanent mental
retardation, which cannot be corrected by later administration of thyroid hormone or iodine
(Dunn 1998). This has an important public health consequence, putting most people in an
iodine deficient area at some risk for defective brain development (Dunn 2003). A meta-
analysis on the relationship between children’s intelligence and factors such as iodine
deficiency showed that iodine deficiency played a role of intermediated strength, compared
with other causes in delaying brain development, lowering the IQ of children by at least 10
points in IDD areas (Qian et al. 2002). Another study on Mexican schoolchildren showed that
moderate iodine deficiency was associated with a 4.26 times higher risk of low IQ (Pineda-

Lucatero et al. 2008).

2.1.5 lodine and adolescence

Inadequacy of iodine may put adolescents at risk for developing delayed IDD, as sensitivity to
iodine deficiency of thyroid gland metabolism is enhanced during sexual maturation (Als et
al. 2000b). Puberty is a crucial period of hormonal interactions in the human life cycle (Hanna
& LaFranchi 2002). Marked changes in thyroid functions occur during puberty as an
adaptation to body and sexual development (Flueury et al. 2001). Thyroid hormones are one
of the major growth regulators along with growth hormone (GH) and the Insulin Growth
Factors (IGFs) (Markou et al. 2008). They influence almost all aspects of normal child
development and thus play a crucial role as a regulator of nervous system, myelination, dental
and skeletal development, metabolism, organ functions (Larsen et al. 1998), growth and
puberty (Larsen et al. 1998; Hanna and LaFranchi 2002). Thyroid disorders in adolescents
may present as goiter, or as a general cluster of abnormal symptoms and physical findings

(Bettendorf 2002).

Adolescent girls as well as young women are likely to become pregnant in the near future.
Before becoming pregnant, women should ideally have an average daily iodine intake of

150pg, to ensure that their intra-thyroidal iodine stores are replenished before pregnancy



(Glinoer 1995). A survey conducted in the U.S. indicated that as many as 14.9% of women in
the child-bearing age and 6.7% during pregnancy had iodine excretion levels into the range of
iodine deficiency, or below 50ug/l (Dunn 1998). A Swiss study showed that adolescents
reached their recommendation in only 13% of cases. Girls and women of childbearing age
(age 13-35 years) had the most unsatisfactory results (Als et al. 2000b). Iodine status has

never before been assessed in Icelandic adolescents.

2.1.6 Prevention of IDD

Insufficient iodine intake is the major cause of low iodine status. Over a century and a half
ago iodine deficiency had already been recognized. At the beginning of the 19" century, it
was first suggested that the use of salt fortified with iodine would lead to good health in
people living in mountainous regions (WHO/UNICEF 2007). In 1999, WHOQO’s Regional
Office for Europe adopted elimination of iodine deficiency as one of the targets in its nutrition

action plan (WHO/UNICEF/ICCIDD 1999).

Universal salt iodization is considered to be the most efficient way to improve iodine intake
since availability of iodine rich foods, such as marine fish, is decreasing worldwide (Winger
et al. 2008). Salt is one of the few commaodities that is consumed by virtually everyone and
salt consumption is fairly stable throughout the year. Salt iodization technology is easy to
implement and available at a reasonable cost. The addition of iodine to salt does not affect its
color, taste or odor and the quality of iodized salt can be monitored at production and retail
(Delange et al. 2001). Iodized table salt is available in Denmark, Sweden, Finland and
Norway and contributes to iodine intake (NNR 2004) but not in Iceland. While there is a
general agreement on the benefit of salt iodization for the improvement of iodine status in the
population, this appears to be inadequate to further secure sufficient iodine supply for the
prevention of IDD. The use of salt for household purpose is decreasing, salt used in food
industry is generally not iodized and it is considered undesirable to encourage increased salt
intake for other health reasons (Winger et al. 2008). It is argued that the strategy for the
prevention and treatment of iodine deficiency in Europe has to start with information and
health education, not only of the public but also of the health professionals, who are often

insufficiently aware of the problem (Delange 2002).



2.1.7 Upper intake levels for iodine

For some nutrients, high intake may cause adverse or even toxic symptoms. Tolerable upper
intake levels refer to the highest average daily nutrient intake level unlikely to pose risk of
adverse health effects to almost all (97.5%) healthy individuals in an age- and sex specific
population group (WHO/UNICEF 2007). Upper intake levels have been established for some
nutrients. Prolonged intakes above these levels can, for certain nutrients, induce an increased
risk of toxic effects. The upper levels are derived for the normal healthy population and

values are given for adults (NNR 2004).

An iodine intake in excess of 2mg/day can in rare cases cause reactions such as rhinitis, nasal
congestion, swollen salivary glands, headache and acne-like skin changes. High iodine intake
can also cause disturbances in the thyroid function. Symptoms include inflammation in the
thyroid gland, goiter and hypo- or hyperthyroidism (NNR 2004). The Scientific Committee on
Food has proposed 600ug/day of iodine as a safe upper level for adults (European
Commission 2002). Individuals especially sensitive to the toxic effect of excess iodine
include children of all ages, pregnant women, fetuses and newborns of breast feeding women

and those under previous or current supervision for thyroid disease (WHO 2003a).

Not many populations in the world have a high iodine intake from natural sources. lodine
excess occurs in Japan due to high seaweed consumption and in Chile due to high
environmental iodine, widespread use of iodine for water purification and iodization of salt at

excessive levels in recent years (Dunn 2006).

2.1.8 Analysis of iodine status

Three measures are recommended for assessment of iodine in populations, urinary iodine,
goiter rate and serum TSH (WHO/UNICEF/ICCIDD 2001). According to WHO
recommendations, the median urinary iodine excretion is the most reliable indicator for
assessment of a population’s iodine nutrition (WHO/UNICEF 2007). TSH is a sensitive
measure of iodine status in the newborn period (Pardede et al. 1998; WHO/UNICEF/ICCIDD
2001). Thyroid size decreases slowly after iodine repletion and goiter rate may remain high
for several years after introduction of iodized salt (Pardede et al. 1998;

WHO/UNICEF/ICCIDD 2001).
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Urinary iodine concentration is influenced by gender, age, sociocultural and dietary factors,
drug interferences, geographical location and season (Als et al. 2000a). It is not a direct
measure of thyroid function, but reflects recent iodine intake and thyroid hormone catabolism
(Parede et al. 1998; van den Briel et al. 2001; Hambidge 2003). Above 90% of iodine is
absorbed in the body and eventually appears in the urine. Therefore, urinary iodine excretion
is considered a good marker of very recent dietary iodine intake (WHO/UNICEF/ICCIDD
2001). In physiological conditions, losses by perspiration and feces are negligible (Follis et al.
1962; Vought et al. 1963). According to WHO, a population’s median urine iodine value is
optimal between 100 and 200pg/l with no more than 20% of individual values less than
50pg/l (WHO/UNICEF/ICCIDD 2001). In non-pregnant, non-lactating women, a urinary
iodine concentration of 100pg/l corresponds roughly to a daily iodine intake of about

150png/day under steady state conditions (WHO/UNICEF/ICCIDD 2001).

Urine is a non-regulated body fluid and the concentration of iodine may vary even if the daily
internal doses are kept constant. Generally, for this reason, either 24 hour urine samples must
be obtained for analysis or spot samples must be corrected for dilutions (Caldwell et al. 2005).
The disadvantages of spot urine samples include the variability in the volume of urine and the
concentrations of endogenous and exogenous chemicals from sample to sample (Barr et al.
2005). Therefore, it cannot give a precise measure of iodine excretion in a single individual
due to the large inter individual variations in 24 hour urinary volume (Knudsen et al. 2000).
However, this variation tends to even out among populations (WHO/UNICEF/ICCIDD 2001).
It has been demonstrated that there is a highly significant circadian rhythm in urinary iodine
concentration with nadirs in early morning and peaks in the evening (Als et al. 2000a).
Urinary biomonitoring data are typically adjusted to a constant creatinine concentration to
correct for variable dilutions among spot samples. Traditionally, this approach has been used
in population groups without much diversity (Barr et al. 2005). Creatinine adjustment
involves dividing the analytic concentration (micrograms analytic per liter urine) by the
creatinine concentration (grams creatinine per liter urine). Such correction is applied because
it is assumed that excretion of creatinine is constant, not only between individuals but also

within individuals throughout the day and on a daily basis (Furnee et al. 1994).

Spot samples have been used to assess iodine status in large population studies like the

National Health and Nutrition Examination Survey (NHANES) (Hollowell et al. 1998) and
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were also used in this study. According to Bourdoux et al. (1985) the measurement of urinary
iodine concentrations in fifty to one hundred spot samples gives a good index for iodine status

in a population.
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2.2 Mercury

Mercury is a natural element and as such it can neither be created nor destroyed, unlike many
other toxicants, and the same amount has existed on the planet since the earth was formed
(Pirrone and Barth 2007). It is relatively uncommon in the Earth’s crust, from which it is
liberated by natural processes such as erosion and volcanism as well as mining (Gochfeld
2003). Icelandic lava is however not high in mercury (Geirsson 1994). Mercury is the most
dangerous of all the heavy metals (Salonen et al. 1995). It exists in various forms, elemental
(or metallic), inorganic (e.g. mercuric chloride) and organic (e.g. methyl- and ethylmercury)
(WHO 2007). All mercury compounds are toxic to humans and animals, but the organic
forms, particularly methyl mercury and dimethyl mercury, have the highest toxicity (Gochfeld
2003).

From the atmosphere, mercury cycles from rainwater into lakes and oceans, where it is
converted by microbial activity into organic methyl mercury. Inorganic mercury is poorly
absorbed following ingestion and elemental mercury does not readily cross tissue barriers. In
contrast, methyl mercury is readily absorbed and actively transported into tissues (EPA 1997).
Approximately 95% of the methyl mercury ingested is absorbed and peak blood methyl
mercury levels are reached within 6 hours. Methyl mercury readily crosses the blood-brain
barrier and the placenta. Methyl mercury accumulates in the brain and is slowly converted to

inorganic mercury (NRC 2000; WHO 2004).

2.2.1 Sources of mercury

Most of the mercury in the environment results from human activity, particularly from coal-
fired power stations, residential heating systems and waste incinerators (WHO 2007).
Significant releases of mercury to the environment result from the use of thermometers and
blood pressure monitors, and from the incineration of medical waste (WHO 2005a; WHO
2005b). Mercury is an environmental contaminant that is present in seafood products largely
as methyl mercury. Consumption of contaminated fish and shellfish is the main source of
methyl mercury exposure, especially in populations that rely heavily on consumption of
predatory fish (Gochfeld 2003; WHO 2008). Food sources other than seafood products may

contain mercury but mostly in the form of inorganic mercury, which is considerably less toxic
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than methyl mercury (WHO 2008). In general, white meat fish such as cod and haddock tend
to have lower mercury levels but also lower levels of long-chain n-3 fatty acids, whereas dark
meat fish, such as swordfish, mackerel and other large long-lived predatory fish, tend to
contain both more mercury and more long-chain n-3 fatty acids. Small fatty fish such as
sardines and canned light tuna may contain relatively more fatty acids with less mercury
(Oken et al. 2005). Methyl mercury has a half-life of approximately 2 years in fish. Larger,
older fish such as swordfish and sharks therefore have the highest levels of methyl mercury
(Maycock and Benford 2007). Methyl mercury in fish meat is bound to proteins. Skimming,

trimming of fish, or cooking does not significantly reduce its concentration (Costa 2007).

In Iceland, as elsewhere, the maximum permissible level of contaminants in food items is
subject to regulations. Should the content of a food product exceed the maximum level
permitted, the product must not be distributed or sold. Two maximum levels apply to
mercury, a lower maximum level for seafood that is consumed often and a higher level for
seafood consumed rarely, such as shark and very large halibut. The Icelandic seafood which is
eaten in the largest quantities is well below the lower maximum permissible level for
mercury, e.g. haddock, shrimp, cod and halibut (Asmundsdottir et al. 2006). Mercury content

in various Icelandic food items is summarized in Table 2.

Table 2: Mercury content in Icelandic food items

Food Mercury (ng/100g)
Liverwurst' 3.9
Pork' 2.2
Chicken' 1.5
Cheese, 26%' <2.3
Eggs' 3
Wheat' <3.2
Haddock, raw* 2.53-4.31
Haddock, boiled® 4.13
Wild salmon, raw” 5.72
Prawn, boiled” 0.95-5.78
Halibut, raw* 10.6
Cod, raw” 6.5
"Reykdal et al 2000.

2ISGEM 2008.

Fish and shellfish are recommended dietary constituents providing high-quality proteins,
vitamins and the fatty acids docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA).
In addition, fish and shellfish provide a favourable ratio of n-6 to n-3 fatty acids (FNB 2005).

The potential health risks related to fish consumption may be due to the presence of
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carcinogenic (e.g. dieldrin, heptachlor, PCBs, dioxin) and non-carcinogenic (e.g. methyl
mercury) environmental contaminants in fish tissues. These contaminants are present in low
levels in lakes, rivers, seas and oceans. However, the fish species can concentrate the
environmental contaminants by bioaccumulation and biomagnification (Sidhu 2003). Fish
contaminated with methyl mercury appears less protective against atherosclerosis (Landmark
and Aursness 2004) than might be predicted based on its long-chain n-3 fatty acids content
alone (Salonen et al. 1995). According to Houston (2007) mercury diminishes the protective
effect of fish and long-chain n-3 fatty acids. The increasing daily fish consumption in health
conscious modern societies may result in chronic low-level dietary intake of methyl mercury
and thus can pose a significant toxicological problem, especially to susceptible groups such as
developing embryos and fetuses (Castoldi et al. 2001). However the benefits of fish
consumption usually outweigh the risks of mercury (Hibbeln et al. 2007).

2.2.2 Exposure limits for methyl mercury

The Provisional Tolerable Weekly Intake (PTWI) for total mercury is Sug/kg body weight
(FAO/WHO 1978) and for methyl mercury from 0.7pg/kg body weight (NRC 2000) to
1.6pg/kg body weight (WHO 2004; EFSA 2004; JECFA 2004). In January 2001 the U.S.
Food and Drug Administration (FDA) issued a nutrition advisory for pregnant women to
avoid consuming specified long-lived predatory fish, which may contain high levels of
organic mercury and to limit ingestion of all other fish products (FDA 2001). A study
performed after the dissemination of this national advisory showed that women reported
reduced consumption of fish, including tuna, dark meat fish and white meat fish, whereas
there was no change in shellfish consumption. The decline in total fish consumption included
a decrease in the proportion of women who consumed more than three fish servings per week
(Oken et al. 2003). In 2004 the U.S. Food and Drug Administration (FDA) and U.S.
Environmental Protection Agency (EPA) issued a new nutrition advisory counselling advising
pregnant women, women who may become pregnant, nursing mothers and young children to
avoid some types of fish and eat fish and shellfish that are lower in mercury (HHS/EPA
2004).

Methyl mercury toxicity has been demonstrated at low exposure levels (WHO 2008). People
who consume large amounts of fish (even species with relatively low mercury content) can

accumulate sufficient levels of methyl mercury to cause symptoms and pregnant women can
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transfer to a fetus amounts of methyl mercury that are sufficient to impair nervous system
development (Gochfeld 2003). Methyl mercury is removed from the body naturally, but it
may take over a year for the levels to drop significantly. Therefore it may still be present in
women when they become pregnant (HHS/EPA 2004). In Iceland, pregnant women and
women who may become pregnant are recommended to consume fish at least twice a week.
They are recommended to avoid raw fish like smoked and dried fish, pickled whale and sushi.
They are also recommended to avoid swordfish, shark and cod liver (Public Health Institute

of Iceland 2004).

2.2.3 Mercury toxicity

Concerns about exposure to mercury were first raised as the result of three severe exposure
episodes (Myers and Davidson 2000). Two incidents took place in Japan and resulted from
consumption over an extended period of time of highly contaminated fish during the 1950s
and 1960s (Harada 1995). The third event occurred in Iraq during the early 1970s following
consumption of seed grain that had been treated with a fungicide containing methyl mercury
(Amin-Zaki et al. 1974). In all of these cases, children exposed before birth suffered the
greatest symptoms of central nervous system injury, with the most severely affected
exhibiting blindness, deafness, general paralysis, hyperactive reflexes and impaired mental

development (Amin-Zaki et al. 1974).

Methyl mercury is a potent neurotoxin (Myers and Davidson 2000; Maycock and Benford
2007) though the mechanism by which this occurs is still unclear (Maycock and Benford
2007). The central nervous system is the principal target for the effects of methyl mercury in
humans. Sensory, visual and auditory functions, which are concerned with coordination, are
the most common functions to be affected (WHO 1990). The developing brain is thought to
be the most sensitive organ for methyl mercury toxicity (WHO 2008). The placental barrier
can stop many toxic elements, but methyl mercury is an exception in that it not only crosses
the placenta, but it also accumulates at higher concentrations on the fetal side than on the
maternal side (Iyengar and Rapp 2001). Even worse for the developing fetus, mercury also
crosses the blood-brain barrier and exhibits long-term retention once it gets across (Kerper et
al. 1992). The fetal brain may be affected even if the mother shows no signs of poisoning
(Castoldi et al. 2001). In 2006, JECFA clarified that life-stages other than the embryo and
fetus may be less sensitive to the adverse effects of methyl mercury (JECFA 2006). Unlike
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focal damage in adults, the developing brain shows a diffuse and widespread damage.
Neurological symptoms include mental retardation, seizures, vision and hearing loss, delayed
development, language disorders and memory loss. In children, a syndrome characterized by
red and painful extremities called acrodynia has been reported to result from chronic mercury

exposure (WHO 2007).

A study conducted in the Faroe Islands, where children were followed from birth to 7 years of
age, indicated that higher blood methyl mercury concentration in the umbilical cord was
associated with lower scores on several developmental and cognitive tests (Grandjean et al.
1997). Another study in the Faroe Islands showed that prenatal exposure to methyl mercury
from contaminated seafood was associated with an increased risk of neurodevelopmental
deficit (Steuerwald et al. 2000). Results from a prospective U.S. pregnancy and child cohort
study, showed that higher mercury exposure in pregnancy was associated with lower
offspring cognitive scores. In addition, higher maternal fish intake was associated with higher
mercury levels. However, higher maternal fish consumption was associated with better infant
cognition. This benefit appeared greatest among infants whose mothers consumed more fish
but had lower mercury levels (Oken et al. 2005). The most likely explanation is that the
benefit is conferred by consuming fish types with the combination of relatively little mercury

and high amounts of beneficial nutrients (Oken et al. 2005).

2.2.4 Mercury and heart disease

The clinical consequences of mercury toxicity include hypertension, Coronary Heart Disease
(CHD), Myocardial Infarction (MI), increase in Carotid Intimal Medial Thickness (IMT) and
carotid obstruction, generalized atherosclerosis, renal dysfunction and proteinuria and an

overall increase in total mortality (Houston 2007).

Two major epidemiological studies (Salonen et al. 1995; Guallar et al. 2002) have identified
an adverse effect of methyl mercury exposure on cardiovascular endpoints. Salonen et al.
(1995) reported an increased risk of coronary heart disease among residents of the Kuopio
area in Finland whose hair samples had increased levels of mercury. The participants in that
study had relatively high levels of mercury which were derived largely from locally
contaminated freshwater fish. Guallar et al. (2002) showed an independent and graded

association between toenail mercury levels and the risk of myocardial infarction. High levels
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of mercury appeared to be a risk factor for cardiovascular disease, attenuating the protective

effects of long-chain n-3 fatty acids on cardiovascular health (Mozaffarian et al. 2005).

Mercury may also promote atherosclerosis and hence increase the risk of myocardial
infarction in several ways. Among these, mercury promotes the formation of free radicals,
binds to thiol groups and may induce lipid peroxidation. It also binds to selenium and reduces
bioavailability of selenium for incorporation into glutathione peroxidase (Virtanen et al.
2007). The overall vascular effects of mercury include oxidative stress, inflammation,
thrombosis, vascular smooth muscle proliferation and migration, endothelial dysfunction,
dyslipidemia, immune dysfunction and mitochondrial dysfunction. All of these functional
abnormalities have the potential to increase the risk for hypertension and vascular disease

(Houston 2007).

2.2.5 Diagnosis of mercury poisoning

Exposures of mercury can be estimated by measuring pollutant levels in various body tissues
e.g. hair, blood, umbilical cord, urine, human milk and nails (WHO/UNEP 2008). Because
mercury is widely distributed in the environment, a small amount of mercury may be detected

in urine and blood in those without history of exposure (Ng et al. 2007)

Total blood mercury is an indicator of methyl mercury exposure in people who consume fish
and have no significant exposure to inorganic or elemental mercury (WHO 1990). The
presence of mercury in blood indicates recent or current exposure. Methyl mercury in the diet
is readily absorbed through the gastrointestinal tract and distributed throughout the body by
the blood. Usually blood methyl mercury concentration reaches a maximum within 4 to 14
hours and undergoes clearance from the blood to other body tissues after 20 to 30 hours
(WHO/UNEP 2008). Blood test cannot exclude the presence of mercury owing to its short
half-life and it is more useful in detecting methyl mercury than inorganic mercury (Ng et al.

2007).

The presence of mercury in urine generally represents exposure to inorganic and/or elemental
mercury. Urine test is a generally accepted, non-invasive and convenient method for mercury
level detection, especially low-level exposure. Blood and urine tests together give a better

measurement of mercury exposure (Ng et al. 2007).
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Mercury level in hair reflects past exposure to mercury. However, hair analysis as a
laboratory test has a serious intrinsic defect, namely irreproducibility of results (Ng et al.
2007). Once incorporated in the hair, mercury does not return to the blood, thus it provides a

good long-term marker of exposure to methyl mercury (WHO/UNEP 2008).
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3 Materials and methods

3.1 Study protocol

A randomly selected sample of 350 teenage girls (born in the years 1987-1992) living in the
capital area was received from Statistics Iceland. From June 2007 to March 2008 the subjects
received a letter, providing them with information about the study. Approximately one week
after receiving the letter, the subjects were contacted by telephone and were invited to
participate. Over the phone they had the opportunity to ask questions regarding the study
protocol. On acceptance, an appointment was made. A text message was sent out one day
prior to the visit at a clinic, the Centre for Antenatal Health Services, Reykjavik. Subjects
were excluded if they had a disease that affected thyroid function or did not understand
Icelandic. All subjects participating in the study, or legal guardian for those under 18 years of
age, gave their informed consent. This study was approved by The National Bioethics

Committee and The Icelandic Data Protection Commission.

3.2 Subjects

Data collection was conducted during the period of June 2007 to May 2008. Of the 350 girls
invited to participate, 145 girls or 41% accepted to participate in the study. Of the 145 girls
who accepted to participate, 112 completed the study or 32%. See Figure 1 for details. Of the
girls invited to participate, 139 or 40% declined participation, the most common reasons
being lack of time and lack of interest. 6% of the girls were excluded, main reasons being that
they had moved from the capital area, did not speak the language, had thyroid disease or were
mentally retarded. Of the 350 girls from the original sample approximately 13% could not be
reached. Several could not be reached by phone in spite of repeated attempts and others had

no registered phone numbers.
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Figure 1: Distribution of subjects, percentage of original sample

3.3 Dietary assessment

Dietary intake was assessed by two Food Frequency Questionnaires (FFQ), one for total food
consumption (total food FFQ) and another for seafood consumption (seafood FFQ). Of all
methods to assess dietary intake, FFQ are the most frequently used in cohort studies in
epidemiology. They are designed to assess usual eating habits over recent months or years
and comprise a list of foods most informative about the nutrients or foods of interest. The
main advantages of questionnaires are their ease and uniformity of administration, their low
cost and their use with samples which are geographically widespread. The primary
disadvantages are the amount of work required for their development and validation and the
level of imprecision in the estimates of usual food consumption or nutrient intake (Margetts

and Nelson 2006).

A total food FFQ was developed at the Icelandic Nutrition Council. It provides information
on the consumption of 130 different food items and is designed to reflect intake over the
previous three months. Portion sizes are estimated from pictures of three portion sizes of

common food items and from general household measures. The National Nutrition Database
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(ISGEM 2008) was used to evaluate the information. The total food FFQ was validated by
Thorsdottir et al. (2004) and used e.g. in a study on the diet and lifestyle of women of
childbearing age by Olafsdottir (2006).

To assess fish consumption and the intake of fish oil specifically, the participants also
answered seafood FFQ about fish and fish oil consumption (Birgisdottir et al. 2008). This
FFQ focuses solely on seafood consumption and does not provide information that might be
critical in some studies to provide information on total diet. Therefore energy adjustments are
not possible, nor can the FFQ be used to investigate diet-disease relationships fully. However,
it can be useful for ranking individuals according to frequency of fish consumption, fish oil
intake and in identifying consumers with low and high consumption of seafood (Birgisdottir

et al. 2008).

3.4 Lifestyle questions

Subjects were asked about their smoking habits, if they had ever smoked and if they smoked

today. Subjects were also asked if they used an oral contraceptive.

3.5 Anthropometry

The subjects’ weight was measured to the nearest 100g, with light clothing and without shoes.
Height was measured to the nearest 0.1cm using standard procedures and Body Mass Index
(BMI) calculated. BMI is a simple index of weight-for-height that is commonly used to
classify underweight, overweight and obesity in adults (WHO 2006).

3.6 Blood samples

TSH was measured with ELCIA (Electrochemiluminescence immunoasssy) using
MODULAR ANALYTICS E170 from Roche. Measurements were conducted the same day

blood samples were taken, at Landspitali-University Hospital in Reykjavik, Iceland.
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Mercury was analysed in whole blood using Perkin Elmer AAnalyst 600 atomic absorption
spectrometer using Zeeman background correction and equipped with transversely heated
graphite furnace (THGA), a FIAS-400 flow injection station and autosamplers for both flame
(AS-91) and furnace (AS-800). With each batch of samples that were taken through sample
decomposition procedures at least one blank sample and at least one of each of the two
reference samples were included. The measurement results for all such blank samples were
used to calculate values for the limit of detection and limit of quantification respectively.
Average values for the determinations of mercury in the two reference samples were well
within the reference limits stated by their producer. The limit of detection was estimated as a
value that is three times the standard deviation of the measurement results for all the digested
blank samples. Blood samples with EDTA used as anticoagulant were kept frozen at -80°C at
Landspitali-University Hospital in Reykjavik, Iceland until they were transported to
Keldnaholt, Agricultural University of Iceland where they were analysed.

3.7 Urine samples

Urine spot samples were collected for iodine and creatinine measurements. Samples were

collected in vials between 9:00am and 3:00pm.

Creatinine was measured with VITROS CREA Slide method using the VITROS CREA Slides
and the VITROS Chemistry Products Calibrator Kit 1 (National Institute of Standards and
Technology) on VITROS Chemistry Systems. The VITROS CREA Slide is a multilayered,
analytical element coated on a polyester support. Measurements were conducted the same day

urine samples were taken at Landspitali-University Hospital in Reykjavik, Iceland.

Urine samples, used for iodine measurements were kept frozen at -80°C at Landspitali-
University Hospital in Reykjavik, Iceland, until all samples had been collected. The samples
were sent with a courier in dry ice packages to the National Institute of Nutrition and Seafood
Research (NIFES) in Bergen, Norway. An Agilent quadrupole ICP-MS 7500c (Yokogawa
Analytical System Inc. Tokyo, Japan) was used as an iodine specific detector for urinary
determination. Data was collected using the Agilent Chemstation ICP-MS chromatographic
software (Julshamn et al. 2001; Dahl et al. 2003; Dahl et al. 2004). Certified reference

material (CRM) (Seronorm™ Trace Elements; Nycomed, Norway) of iodine in human urine
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was included in each analytical series of 25 samples in order to control the systematic errors
of the analytical method.

Adjusting iodine excretion by creatinine excretion corrects for changes in water clearance and
lean body mass. It has been shown to be more likely to represent the 24 hour excretion of
iodine in a random spot urine sample than urinary iodine unadjusted for creatinine excretion
(Thomson et al. 1996). In healthy populations, creatinine is excreted from the body at a
relatively constant rate over time (Caldwell et al. 2005). Creatinine adjustment changes the
distribution of individual measurements within the population and might either clarify or
confound a possible association between urine iodine and thyroid deficiency (Haddow et al.
2007). The WHO guidelines for valid urine samples for occupational monitoring are often
used. WHO recommends that if a sample is too dilute (creatinine concentration <30mg/dl) or
too concentrated (creatinine concentration >300mg/dl), another urine sample should be
collected (WHO 1996). In developing countries were protein intake and consequently
creatinine excretion is low, iodine/creatinine ratio may be misleading and unreliable with
regards to iodine deficiency (Furnee et al. 1994; WHO/UNICEF/ICCIDD 2001). In this thesis

the results for iodine concentration are presented as pg/l and iodine creatinine ratio as pug/g.

3.8 Definitions

Iodine Deficiency Disorders (IDD) refers to all consequences of iodine deficiency in a
population that can be prevented by ensuring that the population has an adequate intake of
iodine (WHO/UNICEF 2007). A population’s median urine iodine value is optimal between
100 and 200ug/l, with no more than 20% of individual values less than 50pg/l
(WHO/UNICEF/ICCIDD 1994). See Table 3 for epidemiological criteria for assessing iodine

nutrition based on median urinary iodine concentrations.

Table 3: Iodine intake based on median urinary iodine concentrations

Median urinary iodine (pg/l) lodine intake
<20 Insufficient
20-49 Insufficient
50-99 Insufficient
100-199 Adequate
200-299 Above requirements
>300 Excessive

WHO/UNICEF/ICCIDD (2007).
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Body Mass Index (BMI) is defined as the weight in kilograms divided by the square of the
height in meters (kg/m?). Underweight is defined as <18.5, normal weight as 18.5-24.99,
overweight >25 and obese >30 (WHO 2006).

For subjects who had not reached 18 years of age, Cole et al. (2007) was used to define
underweight subjects and Cole et al. (2000) was used to define overweight and obese subjects.
International cut-off points for BMI by sex between 2 and 18 years were obtained by
averaging data from Brazil, Great Britain, Hong Kong, Netherlands, Singapore and United

States. See Table 4.

Table 4: BMI for underweight, overweight and obesity for females, age 15 to 18 years

Age Underweight Overweight Obesity
years kg/m’ kg/m’ kg/m’
15.0 17.45 23.94 29.11
15.5 17.69 24.17 29.29
16.0 17.91 24.37 29.43
16.5 18.09 24.54 29.56
17.0 18.25 24.70 29.69
17.5 18.38 24.85 29.84
18.0 18.50 25.00 30.00

Adapted from Cole et al. 2000 and Cole et al. 2007.

3.9 Statistical analysis

The data were analysed using the computer program SPSS version 11 (SPSS Inc. 2003), and
Microsoft Excel was used for simple calculations. All variables were checked for normal
distribution with one Kolmogorov-Smirnov test. The level of significance was taken as
p<0.05. Assessing relationship between two different variables was conducted with bivariate
correlation, using Spearman’s rho for non-normally distributed variables. Non-parametric
Mann-Whitney U-tests were used to assess the difference between two groups and to assess

difference in means among three groups, non-parametric Kruskal Wallis H tests were used.
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4 Results

4.1 Subjects

The subjects were born in the years 1987-1992 and the mean age was 17.7 years (range 15.1-
20.3 years old). There was a similar distribution of residence in the original random sample
and the subjects sample. As seen in Table 5 a large part of the subjects have residence in

Reykjavik or 58.9% which was the same as the original sample.

Table 5: Distribution of residence

Town Original sample (%) Subjects (%)
Reykjavik 206 (58.9) 66 (58.9)
Kopavogur 53 (15.1) 18 (16.1)
Gardabaer 25(7.1) 8(7.1)
Hafnarfjordur 44 (12.6) 11 (9.8)
Mosfellsbar 22 (6.3) 9(8.1)
Total 350 (100) 112 (100)

Subjects were asked about their smoking habits and use of oral contraceptives. As shown in
Table 6, 14% of the adolescent girls were current smokers and 32% had been smokers. 39%

used oral contraceptives.

Table 6: Lifestyle questions concerning smoking habits and birth control use

Yes No
n (%) n (%)
Have smoked 36 (32.4) 75 (67.6)
Currently smoke 16 (14.4) 95 (86.6)
Oral contraceptives 43 (38.7) 68 (61.3)

Information from one subject was missing, n=111.

The average weight of subjects was 63.6kg (SD 12.2) and the mean BMI 22.6kg/m* (SD 4.0)
for all subjects. See Table 7. The subjects were divided into two groups based on their age,
subjects born in the years 1987-1989 and subjects born in the years 1990-1992. The average
weight for subjects born 1987-1989 was 67.1kg (SD 13.6) and for subjects born 1990-1992
the average weight was 60.4kg (SD 9.9). For subjects born 1987-1989 the mean BMI was
23.7kg/m’ (SD 4.3) and for subjects born 1990-1992 the mean BMI was 21.7kg/m* (SD 3.4).
As expected there was a significant difference between the two age groups for weight

(p=0.007) and BMI (p=0.01) (Mann Whitney U-test)
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Table 7: Anthropometrical measurements

Total Percentiles 1987-1989 1990-1992
Mean (SD) 25 50 75 n=54 n=58 p value'
Weight (kg) 63.6(12.2) 562 61.7 672  67.1(13.6) 60.4 (9.9) 0.007
Height (m) 1.68 (0.06) 1.64 1.67 1.73  1.68(0.06) 1.67 (0.06) 0.08
BMI (kg/m®)* 22.6(4.0) 204 218 242  23.7(4.3) 21.7 (3.4) 0.01

"Mann-Whitney U-test.
?The lowest BMI was 15.6 kg/m? and the highest was 39.7 kg/m”’.

As seen in Table 8, close to 71% of the subjects were normal weight, 8% were underweight
and 21% were overweight or obese. Underweight was more common in the younger age

group and overweight and obesity was more common in the older age group.

Table 8: Weight distribution

1987-1989 1990-1992 All subjects
n (%) n (%) n (%)
Underweight 23.7) 7 (12.1) 9(8.1)
Normal weight 37 (68.5) 42 (72.4) 79 (70.5)
Overweight 9 (16.7) 7(12.1) 16 (14.3)
Obesity 6 (11.1) 234 8 (7.1)
Total 54 (100) 58 (100) 112 (100)

4.2 Urinary iodine

The mean urinary iodine concentration was 236pg/l (SD 169) for all the subjects and the
median concentration 200pg/l. WHO recommends that if a sample is too dilute (creatinine
concentration <30mg/dl) or too concentrated (creatinine concentration >300mg/dl), another
urine sample should be collected (WHO 1996). None of the subjects had too diluted urine
sample. However, 40 subjects had too concentrated urine sample, leaving 71 subjects with
valid sample. When the subjects with invalid urine sample were excluded the mean urinary
iodine concentration was 186ug/l (SD 145) and the median concentration 140ug/l. When
iodine concentration was adjusted for urinary creatinine the mean urinary iodine concentration
was 126ug/g (SD 99) and the median concentration 103pg/g. In the following sections,
discussion on iodine concentration and frequency of iodine deficiency will be based on
subjects with valid urinary sample (n=71). As shown in Table 9, 10-15% of the subjects had
median iodine concentration below 50ug/l which is according to WHO defined as severe to
moderate iodine deficiency (WHO/UNICEF/ICCIDD 1999). No correlation was between
TSH and iodine.
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Table 9: Distribution for TSH, creatinine, iodine and iodine/creatinine ratio (I/CR)

Percentiles
n Mean (SD) 5 10 15 50 8 90 95
TSH (rnU/l)1 valid 100 2.0(1.2) 07 08 1.1 18 28 34 49
Creatinine (mg/dl)2 valid 111 246 (139) 54 72 86 234 378 450 500
Iodine (ug/l)2 invalid 111 236 (169) 44 57 77 200 404 512 608
Iodine (ug/l)3 valid 71 186 (145) 41 50 55 140 284 390 490
I/Cr (ug/g)3 valid 71 126 (99) 36 41 49 103 194 207 299

"Blood samples were missing from 12 participants.
? Urine sample was missing from 1 participant.
3 Samples from 40 participants were too concentrated and therefore excluded.

In Table 10 subjects were divided into six groups depending on their urinary iodine
concentration according to WHO (WHO/UNICEF/ICCIDD 1999) in order to assess
distribution. One subject was classified with severe iodine deficiency using iodine/creatinine
ratio, 10% with moderate iodine deficiency, 31% with mild iodine deficiency and 4% had
iodine/creatinine ratio above 300ug/g. Using urinary iodine concentration no subject had
severe iodine deficiency, 10% of the subjects were classified with moderate iodine deficiency,
24% with mild iodine deficiency and 14% had iodine concentration above 300ug/g which

according to WHO poses a risk of adverse health consequences.

Table 10: Urinary iodine status

lodine
reference Iodine I/Cr

value n=71 n=71
Iodine nutrition (ng/l) n (%) n (%)
Severe iodine deficiency <20 0(0) 1(1.4)
Moderate iodine deficiency 20-40 7(9.9) 10 (14.1)
Mild iodine deficiency 50-99 17 (23.9) 22 (31.0)
Optimal 100-199 19 (26.8) 30 (42.3)
Risk of iodine-induced hyperthyroidism 200-299 18 (25.3) 5(7.0)
Risk of adverse health consequences >300 10 (14.1) 3(4.2)

Adapted from WHO/UNICEF/ICCIDD 1999.

4.3 Fish consumption

The subjects consumed fish on average 1.4 times per week (SD 0.9) and their average
consumption was 14.8g/day (SD 13.3). Of the 112 subjects 54 (48.2%) consumed cod liver
oil. Of the subjects who consumed cod liver oil the average intake was 4.5 times a week. See
Table 11. Use of liquid cod liver oil capsules was more common than liquid cod liver oil

(63% versus 37%).
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Table 11: Distribution of fish consumption and cod liver oil

Percentiles
n Mean (SD) 5 10 25 50 75 90 95
Fish (times/week)' 112 1.36(092) 025 030 063 10 25 25 25
Fish (g/day)’ 112 14.8(13.3) 1.7 3.0 6.0 11 21 29 44

Cod liver oil (times/week)” 54 4.5 (2.6) 05 05 20 50 7.0 7.0 7.0

" Total food FFQ.
% Seafood FEQ.

Subjects were asked to rank the fish species in the order they consumed most often. Haddock
was the most commonly consumed fish specie or by 84%, salmon was second and cod was

third. See Table 12.

Table 12: Fish species consumed most often

Fish specie n (%)
Haddock 90 (84.1)
Cod 8 (7.5)
Salmon 7 (6.6)
Halibut 1(0.9)
Plaice 1(0.9)
Total 107 (100)"

"5 subjects did not consume fish.

Subjects were also asked if they consumed fish as a starter or a side dish and what kind of fish
they consumed most often as a starter or a side dish. 38% of the subjects never consumed fish
as a starter or a side dish. Tuna was consumed most often (47%), second was salmon (33%)

and third was prawn (13%). See Table 13.

Table 13: Fish species consumed most often as a starter or a side dish

Fish species n (%)
Tuna 33 (47.1)
Salmon smoked or cured 23 (32.9)
Prawn 9(12.9)
Herring 3(4.4)
Caviar 1(0.9)
Sardine 1(0.9)
Total 70 (100)"

''42 subjects did not consume fish as a starter or a side dish.

As shown in Table 14 fish consumption was divided into tertiles and mean urinary iodine
concentration and iodine/creatinine ratio shown for each tertile. Urinary iodine concentration

or iodine/creatinine ratio was not different between tertiles of fish intake.
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Table 14: Mean fish consumption, iodine and iodine/creatinine ratio (I/CR) by tertiles

Fish Iodine I/CR
n g (SD) pg/l (SD) png/l (SD)
Tertile 1 28 4.0 (2.2) 189 (142) 134 (134)
Tertile 2 23 11.6 (2.9) 189 (130) 127 (61)
Tertile 3 20 27.8(11.9) 179 (171) 116 (77)
71 13.2 (11.8) 186 (145) 126 (99)

4.4 Mercury

The subjects mean mercury concentration in blood was 1.47ug/l (SD 1.05) and the median

1.32pg/l. The highest mercury concentration was 5.51pg/l. See Table 15.

Table 15: Mercury concentration in blood

Percentiles
Mean (SD) 5 10 25 50 75 90 95
Mercury (ug/l) 147(1.05) 029 039 065 132 1.88 3,13 3.85

Mercury concentration, n=98.

As shown in Table 16, fish consumption in g/day was divided into tertiles and mercury
concentration in blood shown for each tertile. Subjects in tertile 3, who consumed on average
29.4g of fish per day, had the highest mercury concentration in blood (1.86pug/1). Subjects in
tertile 1, who consumed on average 4.2g of fish per day, had the lowest mercury
concentration in blood (0.96ug/1). Fish consumption was positively correlated to mercury

concentration in blood (r=0.416 and p<0.001) (Spearman’s rho).

Table 16: Mercury concentration in blood and fish consumption by tertiles

Fish Mercury

n g/day (SD) ug/l (SD)
Tertile 1 36 42 (2.1) 0.96 (0.63)
Tertile 2 29 11.8 (3.0) 1.68 (0.63)
Tertile 3 33 29.4 (13.3) 1.86 (1.15)
98 14.8 (13.3) 1.47 (1.05)

4.5 Milk consumption

The daily average consumption of milk and dairy products other than cheese was 539g/day.

Intake of cheese was on average 20g/day. The total consumption of milk and all dairy
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products was equal to 3 portions per day'. Recommended amount of milk and dairy products
for adolescent girls are 3 portions per day, however 60% of the adolescent girls consumed less
than that. The recommended amount for adults are 2 milk portions per day and only 40%

reached 2 portions per day. See Table 17.

Table 17: Milk and dairy product consumption in portions per day

Percentiles
n  Mean (SD) 5 10 25 50 75 90 95
Milk and dairy products 112 3.0(2.3) 07 10 14 22 40 62 79

In Table 18 the subjects were divided into tertiles depending on their milk and dairy product
consumption and mean urinary iodine concentration and iodine/creatinine ratio shown for
each tertile. Urinary iodine concentration was significantly higher in the group with the
highest milk consumption compared to subjects with the lowest milk consumption (p=0.02)
(Kruskal Wallis). Milk and dairy product consumption was positively correlated with urinary
1odine concentration (r=0.275 and p=0.003) and iodine/creatinine ratio (r=0.520 and p<0.001)

(Spearman’s rho).

Table 18: Milk and dairy portions, iodine and iodine creatinine ratio (I/CR) by tertiles

Milk and dairy lodine I/CR
n portions (SD) ug/l (SD) ug/l (SD)
Tertile 1 23 1.19 (1.21) 156 (92) 89 (49)
Tertile 2 25 2.25(0.44) 137 (96) 109 (63)
Tertile 3 23 5.87(2.43) 270 (193) 182 (139)
71 3.08 (2.44) 186 (145) 126 (99)

When milk and dairy products were divided into separate variables for milk and dairy
products other than cheese, and cheese respectively, only milk was a significant predictor of
urinary iodine concentration (r=0.305 and p=0.001) (Spearman’s rho). There was a trend
towards negative correlation between BMI and milk and dairy product consumption however
it was only borderline significant (r=-0.180 and p=0.06). There was a positive correlation

between fish consumption and milk and dairy product consumption (r=0.294 and p=0.002).

" One portion of milk and dairy products was estimated to be equal to 250g and one portion of cheese to be equal
to 25g.
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4.6 lodine and mercury from the diet

The mean iodine intake was 170pg/day (SD 100) and the median 148pg/day. Only half of the
subjects met the daily recommendations for iodine which is 150pg/day. The average
requirement is estimated to be 100pg/day and close to 30% of the subject did not reach
100pg/day of iodine. The lower level of intake is 70ug/day and 10% of the subjects had
iodine intake below the lower level of intake. The safe upper level for iodine is 600ug/day,

none of the subjects had iodine intake above the upper level. See Table 19.

The subjects mean mercury intake was 2.4pg/day (SD 1.4) and the median 2.1pg/day. The
subject with the highest mercury intake had mercury intake of 6.7pug/day. See Table 19.

Table 19: Distribution of iodine and mercury consumption

Percentiles
n Mean (SD) 5 10 25 50 75 90 95
Iodine (png) 112 170 (100) 62 66 90 148 218 312 386
Mercury (ug) 112 2.4 (1.4) 07 09 13 21 29 45 58

Figure 2 shows from which food sources iodine in the diet originated. Milk and dairy products
were the main contributors to iodine consumption providing 43% of the iodine, 24% came

from fish and the rest from other food sources.

Other
Vitamins 77
9%
Milk and dairy
Drinks and candy products
12% 43%
Eggs

5%

Fish
24%

Figure 2: Origin of iodine in the diet

Figure 3 shows from which food sources mercury in the diet originated. Most of the mercury
consumed came from fish or 39%, 15% from eggs, 14% from meat, 13% from cereals, 12%

from milk and dairy products and the rest from other food sources.
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Figure 3: Origin of mercury in the diet
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5 Discussion

The median urinary iodine status of the subjects was within the optimal range although in the
lower end. Between 34-47% of the subjects were classified as having severe, moderate or
mild iodine deficiency. The mean iodine intake was within the daily recommended intake,
however 25% of the subjects had iodine intake below the average requirement. Milk and dairy
products were the main source and determinant of iodine status. Fish intake was below the
recommendations and fish intake was not directly related to iodine status. Mercury intake was
well below exposure limits and mercury concentration in blood was below reference range as

well.

5.1 lodine status

Studies have been performed to assess the iodine status of the Icelandic nation. In 1939 the
thyroid gland was measured and the results showed that the thyroid gland in the general
Icelandic population was very small compared to the accepted normal size in other countries
(Sigurjonsson 1940). Iodine status was measured in 1988 in people aged 20-59 years old. The
mean iodine excretion for men was found to be 395ug/day (iodine/creatinine ratio 232.5ug/g)
and for women 269.9ug/day (iodine/creatinine ratio 243.15ug/g). The results indicated that
the iodine intake in Iceland was relatively high (Sigurdsson and Franzson 1988). Ten years
later iodine status was measured in 66-70 year old Icelanders and the results showed lower
iodine status (Laurberg et al. 1998). It was thought that the change towards lower values
could be caused by changes in eating habits (Laurberg et al. 1998). In the present study iodine
status of the subjects was considerably lower. The mean urinary iodine concentration was
found to be 186ug/1 (SD 145) and the median 140pg/1 (iodine/creatinine ratio 126pug/g and the
median 103pg/g). A population’s median urine iodine value is optimal between 100 and
200pg/l, with no more than 20% of the individual values less than 50pg/l
(WHO/UNICEF/ICCIDD 1994). According to this definition the iodine status of the subjects
was optimal but in the lower end of the optimal range. However 10-15% of the subjects had
iodine concentration below 50ug/l and 24-31% below 100pg/l which is noteworthy

considering that Iceland has been known for its high iodine status.
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A Swedish study found the median urinary iodine concentration to be 194ug/l in 7-9 years old
children, 246ug/l in 15-17 year old teenagers and 190pg/l in 60-65 year old adults (Milakovic
et al. 2004) which is somewhat higher than in the present study. In Sweden, a salt iodine
supplementation programme was initiated in 1936 (Milakovic et al. 2004). However, the
results in the present study are similar to results for the U.S. population in NHANES 2001-
2002, where the median urinary iodine concentration was found to be 167.8ug/l and the
median iodine creatinine/ratio 151.4pg/g. On average 12.3% (SD 2.4) of females aged 12-19
years old had iodine concentration below 50ug/l (Caldwell et al. 2005). This is in spite of
available iodized salt in the U.S. (Hollowell et al. 1998).

Adolescent girls are future mothers to be. When pregnancy takes place in conditions with
iodine restriction or deficiency, the more severe the iodine deficiency, the more obvious,
frequent and profound the potential maternal and fetal impact. The main changes in thyroid
function associated with pregnancy are related to increased hormone requirements, which
begin in the first trimester of pregnancy. Increased hormone requirements can only be met by
proportional increased hormone production, directly depending upon availability of iodine in
the diet (Glinoer 2001). The most critical period for the fetus is from the second trimester of
pregnancy to the third year after birth (WHO/UNICEF 2007). The fetal thyroid begins
functioning around the 12" week of pregnancy. Before this, adequate maternal thyroid
hormone is essential for normal human development (Dunn 2003). If iodine insufficiency
leads to inadequate production of thyroid hormones and hypothyroidism during pregnancy,
irreversible fetal brain damage can result (Public Health Committee of the American Thyroid

Association 2006).

Iodine deficiency in pregnancy has been associated with an increased incidence of
spontaneous abortion, stillbirth and congenital abnormalities (WHO 1996). In the U.S. overt
hypothyroidism has been seen in about 0.3%-0.7% of women of reproductive age and
subclinical hypothyroidism in approximately 2.5% (Smallridge et al. 2005). Als et al. (2000b)
did a survey in Switzerland on subjects aged 0-90 years and the results showed that women of
childbearing age (13-35 years old) had mild iodine deficiency. Adolescents reached their
recommended threshold of >200pg/day iodine in only 13% of cases. A recent report from
Boston, U.S. showed that approximately half of the pregnant women had urinary iodine
concentration below 150ug/l and 9% had below 50ug/l, with the latter corresponding to

severe to moderate iodine deficiency (Pearce et al. 2004). A study from the north east of
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England, where the population is assumed to be replete in iodine, demonstrated insufficient

urinary iodine concentration in about 50% of pregnant women (Kibirige et al. 2004).

5.2 lodine intake

In the past, fish has been the most important source of iodine in the Icelandic diet, followed
by milk and dairy products (Reykdal et al. 2000). In the Icelandic National Nutrition Survey
2002, for subjects aged 15-80 years old, fish was the main source of iodine providing 41%
and milk and dairy products were the second main source providing 27% (Steingrimsdottir et
al. 2003). In the present study milk and dairy products were the main sources of iodine,
contributing 43% of the iodine intake and fish 24%. This is in accordance with studies from
other countries. In Denmark milk and dairy products contributed 44% of iodine intake and
fish 15% (Rasmussen et al. 2002). In the UK milk and dairy products were also found to be
the main source accounting for 35% of the iodine intake whereas fish provided less than 10%
(Lightowler and Davies 1998). In Norway milk and dairy products were also the main source

of iodine, contributing 58% of the iodine intake and fish 18% (Brantsater et al. 2007).

In the present study the mean iodine intake was 170pg/day and the median 148pug/day. Half
of the subjects did not meet the daily recommendations and had iodine intake below
150png/day. 25% did not meet the average requirement which is 100pg/day and 10% had daily
intake below the lower level of recommended intake of 70ug/day (NNR 2004). In Norway,
the mean iodine intake was found to be 136pg/day among women 16-79 years old (Dahl et al.
2004) and in Slovenia, 15 years old adolescents had median iodine intake of 156ug/day
(Stimec et al. 2007). In the Icelandic National Nutrition Survey 2002 girls 15-19 years old
consumed iodine on average 104ug/day (Steingrimsdottir et al. 2003). Long-term intakes
below the lower level of intake are associated with an increased risk of developing deficiency
symptoms (NNR 2004). In the present study, 10-15% of the subjects had urinary iodine
concentration below 50ug/l which is defined as severe to moderate iodine deficiency. This is
in accordance with the iodine intake but 10% of the subjects had iodine intake below
70ung/day though energy intake was underestimated by close to 45% of the subjects.
Furthermore, the present study showed that none of the subjects had an intake of iodine above
the safe upper limit of intake, 600ug/day (NNR 2004) which leaves room for increased

consumption of fish or other iodine rich food like milk and dairy products.
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5.3 Fish consumption

The food-based dietary guidelines published by the Public Health Institute of Iceland (2006)
recommend that fish should be consumed at least twice a week, in addition to fish used as
bread spread and in salads. Fish consumption in Iceland has for a long time been considered
high relative to many other countries but in recent decades a dramatic decrease has occurred.
In an Icelandic Nutrition Survey on 9-15 years old adolescents, 9 years old girls were reported
to consume on average 22g/day and 15 years old 20g/day (Thorsdottir and Gunnarsdottir
2006). In the Icelandic National Nutrition Survey 2002 the average fish consumption was
15g/day for girls aged 15-19 years old (Steingrimsdottir et al. 2003). The present study
showed similar results as the Icelandic National Survey 2002 where subjects consumed fish

on average 14.8g/day and 1.4 times a week.

In the present study intake of fish was not directly related to urinary iodine. However 24% of
the iodine in the diet came from fish. lodine content is substantial in seafood or up to
190nug/100g in haddock compared to 11.2pg/100g in milk, 31.7ug/100g in eggs and
421g/100g in cheese (ISGEM 2008). Haddock was the most commonly eaten fish specie
among the subjects. A plausible explanation for lack of association is a large variation in
urinary iodine excretion (Rasmussen et al. 1999). In the present study urinary iodine
concentration was measured in spot samples which are a good marker of very recent dietary
iodine intake (WHO/UNICEF/ICCIDD 2001) and the subjects answered total food FFQ
which is designed to reflect intake over the previous three months. It is possible that had the
subjects recorded their recent dietary intake before the urinary sample was collected, a
correlation between fish consumption and urinary iodine concentration could have been
found. Milk and dairy products are however consumed with high regularity, and maybe easier

to recall than foods consumed less regularly like fish.

Recommendations to eat fish and other seafood are included in most national dietary
guidelines (WHO 2003b) due to the positive health effects related to seafood consumption.
Low intake of fish is of concern as fish provides a range of nutrients and contributes
especially to the intake of vitamin D, iodine and selenium. Fatty fish is also a major source of
long-chain n-3 fatty acids (NNR 2004). A large number of studies indicate an inverse
association between intake of fish and risk for cardiovascular disease and coronary mortality

(Hu et al. 2002; He et al. 2004). Seafood consumption has also been shown to have positive
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effects on weight loss. In a recent 8 week cross-European intervention study (Iceland, Spain
and Ireland) young overweight men, that consumed regularly either fatty or lean fish, or fish
oil as a part of energy-restricted diet, lost significantly more weight than men that had
isocaloric energy-restricted diet without seafood (Thorsdottir et al. 2007). Additionally, the
weight-loss diet including oily fish resulted in greater triglyceride reduction than a diet
without fish or fish oil (Gunnarsdottir et al. 2008) and the consumption of fish oil in the diet
exerted positive effects on insulin resistance independently from changes in body weight,

triglycerides, erythrocyte membrane or adiponectin (Ramel et al. 2008).

5.4 Milk consumption

The recommendation for milk consumption is based on the notion that milk provides several
nutrients, e.g. calcium, potassium, riboflavin and selenium. Milk fat is rich in saturated fatty
acids, which is the main reason for recommending low-fat varieties (NNR 2004). The
recommended intake of milk and dairy products is two glasses, bowls or cans a day,
preferably products that are low in fat and added sugar. Cheese counts as a dairy product and
25g of cheese is equivalent to one portion (Public Health Institute of Iceland 2006). In the
present study the subjects consumed on average 539g/day milk and dairy products other than
cheese and 20g/day cheese compared to 358g/day milk and dairy products other than cheese
and 38g/day cheese in the Icelandic National Nutrition Survey 2002 (Steingrimsdottir et al.
2003). In the present study the subjects consumed on average 3 portions of milk and dairy
products per day which is in accordance with recommendations for adolescent girls in order to
reach the daily recommendations for calcium (Thorsdottir and Gunnarsdottir 2006). However
60% of the subjects consumed less than 3 portions and only 40% consumed 2 portions per
day. Half of the subjects did not reach the daily recommendations for calcium which are
1000mg for girls aged 14-17 years old and 800mg for women 18-30 years old (Public Health
Institute of Iceland 2006). Maintaining adequate calcium intake during childhood and
adolescence is necessary for the development of peak bone mass, which may be important in
reducing the risk of fractures and osteoporosis later in life. Optimal calcium intake is
especially relevant during adolescence, when most bone mineral accretion occurs (Institute of
Medicine 1997). In the Icelandic National Nutrition Survey 2002 milk and dairy products
were the most important calcium source in the diet providing 68% (Steingrimsdottir et al.

2003).
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In the present study milk and dairy products were the main source of iodine. Milk
consumption has decreased in the last decade especially among young people, while
consumption of other dairy products like skyr has increased (Public Health Institute of Iceland
2008). This might have positive effects on the iodine status as milk contains 9.7-12.7ug/100g
compared to 23.0ug/100g in skyr (ISGEM 2008). Correlations between urinary iodine
excretion and milk and dairy products intake have been reported in numerous countries
(Rasmussen et al. 2002; Girelli et al. 2004; Brantsater et al. 2007). The contribution of iodine
from milk and dairy products in these studies is primarily attributed to iodine fortification of
industrially produced animal feed. lodine was measured last in Icelandic agricultural products
1997 (Reykdal et al. 2000) and the database used to process the data is built on that
information (ISGEM 2008). Today there is an ongoing study to update the database. Since
1997 composition of feed for agricultural animals has changed and iodine content of

agricultural products is expected to have decreased considerably (Reykdal et al. 2007).

5.5 Cod liver oil consumption

Although not the main focus of this thesis, information on use of cod liver oil was gathered
from the seafood FFQ. Until recently, there was a long time tradition of cod liver oil intake by
the Icelandic population. However only 48% of the subjects consumed cod liver oil and only
21% consumed cod liver oil daily. This is in accordance with the Icelandic National Nutrition
Survey 2002 where only 19% consumed cod liver oil daily (Steingrimsdottir et al. 2003). On
average the subjects in the present study consumed cod liver oil 4.5 times a week. Of the
subjects who consumed cod liver oil, 63% used cod liver oil capsules and 37% used liquid
cod liver oil. The liquid cod liver oil has some advantages over the cod liver oil capsules. It
contains more long-chain n-3 fatty acids, 1 tablespoon (10ml) contains 600mg EPA and
800mg DHA compared to cod liver oil capsules which contain considerably less, 109mg EPA
and 151mg DHA in 6 capsules (Lysi 2008). EPA and DHA have been linked to the
prevention of non-communicable diseases because they modify the key risk factors for
cardiovascular disease in several ways (NNR 2004). Studies indicate that long-chain n-3 fatty
acids have anti-arrhythmic, anti-thrombotic, anti-atherosclerotic and anti-inflammatory
properties (Calder 2004). Liquid cod liver oil is the main source of long-chain n-3 fatty acids
in the Icelandic diet, providing 42% of all long-chain n-3 fatty acids in the diet of the whole
population (Steingrimsdottir et al. 2003).
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Vitamin D is primarily synthesized in the skin after exposure to ultraviolet radiation (UVR)
and less than 10% is derived from dietary sources (Norris 2001). Due to the latitude of the
Nordic countries vitamin D deficiency may occur if the diet is devoid of the vitamin. Vitamin
D is crucial for the regulation of calcium homeostasis, bone formation and for soft tissue
health. Deficiency of vitamin D may result in defective mineralization with development of
rickets in children and osteomalacia in adults (NNR 2004). Cod liver oil is an important
source of vitamin D in the diet of the Icelandic population. The use of cod liver oil as a source
of vitamin D during the winter months is highly recommended (Steingrimsdottir et al. 2003).
The liquid cod liver oil has again some advantages over the cod liver oil capsules. The liquid
cod liver oil contains more vitamin D, it contains 18.4ug in 10ml whereas the cod liver oil
capsules contain 9ug in 6 capsules (Lysi 2008). Recommended daily intake of vitamin D is
10pg/day (Public Health Institute of Iceland 2006). From the total food FFQ the subjects
answered, their vitamin D consumption was low. The average consumption was Sug/day and

80% of the subjects consumed less than 10pg (data not shown).

5.6 Mercury

Fish and seafood are an important part of a healthy diet. Seafood is naturally rich in long-
chain n-3 fatty acids, vitamin D and iodine, but also a dietary source of heavy metals and
organic pollutants (Sioen et al. 2007a). The primary human exposure to methyl mercury is
from fish consumption (Raymond and Ralston 2004). In the Icelandic National Nutrition
Survey 2002 fish was the major source of mercury or 56% (Steingrimsdottir et al. 2003) and

in the present study 39% of the mercury in the diet came from fish.

Exposure limits for mercury have been established, the PTWI for total mercury is Sug/kg
body weight (FAO/WHO 1978) and for methyl mercury from 0.7ug/kg body weight (NRC
2000) to 1.6pg/kg body weight (WHO 2004; EFSA 2004; JECFA 2004). When PTWI was
calculated for the average weight of the subjects in the present study, 63.6kg, the PTWI was
found to be 45ug/day. The subjects in the present study all had mercury intake well below the
PTWI. The subjects consumed mercury on average 2.4ug/day. There was a positive
correlation between fish consumption and mercury concentration in blood, which is not

surprising considering that all fish consumers are exposed to some level of methyl mercury.
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The presence of mercury in blood indicates recent exposure to mercury. There is a direct
relationship between mercury concentrations in human blood and consumption of fish
contaminated with methyl mercury. WHO considers the normal mean concentration of total
mercury in blood to be between 5 to 10pg/l in individuals with no consumption of
contaminated fish (UNIDO 2003). The NRC identifies 2ug/l as the normal mean
concentration for populations with little or no fish consumption (NRC 2000). In the present
study the subjects mean blood mercury concentration was found to be 1.48pg/l (SD 1.05) and
the median concentration 1.32ug/l. In an Icelandic study on pregnant women the mean blood
mercury concentration was found to be 2.9ug/l (AMAP 1997). One subject in the present
study had blood concentration of 5.51ug/l. Using both the reference range from WHO for
individuals and from NRC for populations the blood mercury concentration in the subjects is

safe.

It is of great importance that consumption of mercury is low. The toxic effects of methyl
mercury can result in a potential health problem and it is listed by the International Program
of Chemical Safety as one of the most dangerous chemicals in the environment (Gilbert and
Grant-Webster 1995). The risk from mercury in fish and shellfish depends on the amount
eaten and the levels of mercury in the fish and shellfish. The subjects in the present study are
future mothers to be and this is an important matter considering that the FDA and the EPA are
advising women who may become pregnant, pregnant women, nursing mothers and young
children to avoid some types of fish and eat fish and shellfish that are lower in mercury

(2004).

5.7 Actions against iodine deficiency

Iodine deficiency occurs when iodine intake falls below the recommended level. In nearly all
countries where iodine deficiency occurs, it is well recognized that universal salt iodization is
the most effective way to achieve virtual elimination of IDD (WHO 2007). lodized table salt
is available in Denmark, Sweden, Finland and Norway and contributes to iodine intake (NNR
2004). In the present study, part of the subjects had low iodine status whereas another part of
the subjects had high iodine status. Searching for the best way to optimize iodine status of the
Icelandic population is something that requires consideration. The Public Health Institute of

Iceland (2006) recommends that salt consumption should not be more than 6g/day for women
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and 7g/day for men. This recommendation is based on evidence for association between
dietary sodium chloride intake and blood pressure (NNR 2004). In the Icelandic National
Nutrition Survey 2002 average salt consumption was estimated to be 9g/day (Steingrimsdottir
et al. 2003). Considering that salt consumption is high in Iceland it would probably not be the
most optimal way to recommend salt in the diet for people to reach the recommendations for
iodine. In Norway salt enriched with iodine is not allowed in the food industry and there is
very limited use in the private household (Dahl et al. 2004). Iodization of cow feed has been
more important for the iodine intake in Norway than iodized table salt (Dahl et al. 2003). In
Northern Europe use of fortified feed is more widespread than in Southern Europe, where
pasture is available for a greater part of the year, which may partially explain why countries in
Northern Europe are more likely to be iodine sufficient (Dahl et al. 2003). In Norway and
Iceland milk and dairy products are the main sources of iodine in the diet which highlights the
importance to continue iodization of cow feed. Fortification of cow feed seems to be an
effective way to provide a population with sufficient iodine (Dahl et al. 2003). In Norway
iodine fortification of cow feed is mandatory but this is not the case in Iceland. This
underlines the importance of cooperation between the Public Health Sector of Iceland and the

Ministry of Agriculture.

Marine fish is the richest natural food source of iodine, however the contribution of iodine is
low because fish is consumed to a lesser extent (Haldimann et al. 2005). An intervention
study conducted in Ghana showed that goitrous individuals had a significant ability to
improve their iodine status following 14 days on a diet containing elevated amounts of iodine
due to marine fish inclusion (Maage et al. 2008). Even though the use of iodized salt is the
major alleviating factor for iodine deficiency, for parts of the population it is not always
efficient. Diets containing fish could be a helpful supplement in alleviating the IDD in some

areas (Maage et al. 2008).

Regular intake of milk and dairy products as well as fish products is important to meet the
iodine requirements in the Icelandic diet. It is known that important health-related lifestyles
choices, like dietary patterns, are already established during childhood and adolescence (Sioen
et al. 2007b). Food habits change significantly during adolescence and health promotion
during the adolescent years therefore ought to be encouraged (Post-Skagegard et al. 2002).
Adolescents are easily influenced by movements and changes in the society (Fogelholm

1998). It is therefore vital that young people are guided towards a healthy eating pattern.
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Knowing that the consumption of seafood can play a role in the prevention of chronic
diseases and that processes such as atherosclerosis may start during teenage years, it can be
stated that creating the habit of regular seafood consumption at a younger age can create
health benefits favourable now and later (Sioen et al. 2007b). In the present study the mean
iodine intake was found to be in the range of sufficient, even though there were some subjects
with very low intake of iodine. Certain groups of the population might be at risk of low iodine
intake, e.g. subjects with allergy to milk or fish, vegetarians who do not consume fish, milk
and dairy products and others with a low consumption of milk and fish. The study verifies the
importance to encourage a regular intake of milk and dairy products as well as seafood, in

order to meet the requirements for iodine.

5.8 Limitations

As the study sample is not big, its representativeness could be questioned. It is possible that
individuals, who live a healthier lifestyle, might be more willing to participate in a health
oriented study, thereby biasing the results. Factors that might affect healthy lifestyle are e.g.
social status (Darmon and Drewnowski 2008), body weight (Rashad 2005), smoking
(Dallongeville et al. 1998) and health promotion (Sjostrom et al. 1999).

In the present study 21.4% of the subjects were overweight or obese compared to 15% of
women aged 15-24 years old in the Icelandic National Nutrition Survey 2002
(Steingrimsdottir et al. 2002). There is however a difference in the assessment of weight
between the two surveys. In the Icelandic National Nutrition Survey 2002 the subjects self
reported their weight and in the present study the subject were weighed and their height
measured. A U.S. study showed that obese women who seek weight loss assistance tended to
under-report their weight and over-report height, suggesting that self-reported data is likely to
be inaccurate (Nawaz et al. 2001). Another factor that might affect the results is that close to
45% of the subjects under-reported their energy consumption and 76% of the overweight and
obese subjects (data not shown). Under-reporting of food intake is one of the fundamental
obstacles preventing the collection of accurate habitual dietary intake data. Women are more
likely to under-report than men (Macdiarmid and Blundell 1998) and a high BMI has been
related to a higher degree of under-reporting for adolescents as well as for adults (Bandini et

al. 1990; Bratteby et al. 1998; Johansson et al. 1998). Ballard-Barbash et al. (1996) reported
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the prevalence of underreporting to be as high as 71% in overweight women (BMI>27.3).
Another limitation could be that underreporters have been shown to specifically report less of
high sugar and fatty foods (Olafsdottir et al. 2006). Consumption of food considered healthy
might also be overestimated. Overestimation by FFQ are found to be especially amplified for
food perceived as healthy and socially acceptable, such as fruits and vegetables (Amanatidis

et al. 2001). Similar overestimation might be likely for seafood (Birgisdottir et al. 2008).

Based on the common understanding that iodine concentration in most food items is low and
that only a few food items are regarded as good sources of iodine, the frequency and the
amount of intake of these iodine rich sources are of great importance. In general, no dietary
survey methods exist today which allow estimation of the dietary intake of one or more
individuals without weaknesses being connected to the data. Estimating the intake of specific
nutrients, such as iodine, is further complicated by the fact that one of the two major sources
of the element, i.e. fish, is normally not eaten daily. There are also more sources of errors
when assessing iodine intake by a FFQ, e.g. choice of food portion sizes, frequency of intake
and particularly the values used for iodine content in food, than by measuring iodine excretion
(Rasmussen et al. 2002). The advantage of a biological reference is that it does not depend on
the respondent’s ability to recall or report dietary intake correctly, which is a major source of
error in all dietary assessments (Kaaks 1997). Due to weakness factors in nutrition
epidemiological methods, biomarkers and other indicators of status or intake are of

importance.

Another limitation could be that urinary iodine was measured with a spot sample and not a 24
hour urine collection. When measuring iodine, preferably 24 hour urine collection should be
obtained. However as compliance might be low for 24 hour collections, estimates based on
spot urine samples are often preferred (Knudsen et al. 2000). The major disadvantages of a
spot urine sample include the variability in the volume of urine and the concentration of
endogenous and exogenous chemicals from sample to sample (Barr et al. 2005). To
compensate for the lack of a 24 hour urine collection, in populations with adequate nutrition,
the creatinine concentration has been used to adjust for factors that may affect the
concentrations. Adjusting iodine excretion by creatinine has been shown to be more likely to
represent 24 hour excretion of iodine in spot samples than urinary iodine unadjusted for

creatinine excretion (Thomson et al. 1996). In the present study the urinary iodine was
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adjusted for creatinine excretion and the results might therefore more likely represent 24 hour

urine collection.

Additionally, considering that the database the results are built on has not been updated since
1997 (Reykdal et al. 1997) there might be some errors in the results of iodine intake. Today
there is an ongoing study to update the database. It is known that the composition of feed for
agricultural animals has changed and iodine content of agricultural products is expected to

have decreased (Reykdal et al. 2007).
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6 Conclusion

The median urinary iodine status of the subjects was within the lower end of the optimal
range. 10-15% of the subjects were defined as having severe to moderate iodine deficiency
and additionally 24-31% were defined as having mild iodine deficiency. The average iodine
intake was also within recommendation. However 10% of the subjects had iodine intake
below the lower level of recommended intake and 25% below the estimated average
requirement. Milk and other dairy products as well as fish were the main sources of iodine
from the diet. Average milk and dairy product consumption was within the recommendations.
60% of the subjects however consumed less than 3 portions per day and 40% consumed less
than 2 portions per day. Milk and dairy products were the major source and determinant of
iodine status. Fish intake was below the recommendations, the subjects consumed on average
14.8¢ fish per day. Fish intake was not found to be directly related to iodine status in the
present study. A positive correlation between fish consumption and mercury concentration in
blood was seen. However mercury intake was well below exposure limits and mercury

concentration in blood was below reference range as well.

The iodine status of the Icelandic adolescent girls was within the optimal range however there
were subjects with low iodine status and subjects with high iodine status. Salt iodization is
considered to be the most efficient way to improve iodine intake. However, before decisions
are made concerning iodization of salt in Iceland all benefits and drawbacks need to be
considered. Today the key to increase iodine intake in subjects with low iodine status might
lie in added encouragement to increase consumption of iodine rich food items like fish and

milk and dairy products.
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Appendix A — Information letter 16-18 years old and legal

guardian

Upplysingar fyrir patttakendur og forradamenn.

Jodhagur unglingsstulkna og pungadra kvenna

Tilgangur rannsdknarinnar er ad rannsaka jodhag unglingsstilkna og pungadra kvenna ut fra
jodstyrk 1 pvagi dsamt spurningalista um faeduval sem verda notud til ad kanna samband milli
jodhags og neyslu dkvedinna fedutegunda. Jodhagur hefur ekki verid kannadur 4 beinan hatt
4 Islandi sidastlidin 20 ar og aldrei medal unglingsstalkna eda pungadra kvenna. Ungar og
pungadar konur er sa hopur sem er hvad vidkvemastur fyrir jodskorti.

Abyrgdarmadur rannsoknarinnar: Ingibjorg Gunnarsdéttir, dosent vid Hi
Rannsoknarstofa i neringarfraoi
Landspitali Haskolasjukrahts
Eiriksgotu 29, ris
101 Reykjavik
Simar: 543-8416 / 543-8420 / 891-7017
Tolvupdstur: ingigun@landspitali.is

Adrir sem ad rannsOkninni koma eru Gudrin Kristin Sigurgeirsdottir, neringarfraedingur
(M.Sc.) 4 Rannsoknastofu i1 neringarfradi, Ari. J. Johannesson, sérfraedingur i lyflekningum,
innkirtla- og efnaskiptasjukdomum & Landspitala-haskolasjiikrahusi, dr. Amund Maage,
rannsoknamadur vid NIFES i Noregi, dr. Laufey Steingrimsdottir neringarfreedingur auk
Heilsugaslunnar 4 héfudborgarsvadinu.

Urtak 350 pungadra kvenna 4 2. og 3. pridjungi medgongu verdur tekid ur maedraskram
Heilsugeaslunnar 4 hofudborgarsvaedinu 4 timabilinu jini 2007 — mai 2008. Handahofstrtak
350 unglingsstulkna (16-20 ara) verdur tekid Gr Pjodskra Islands 4 timabilinu juni 2007 — mai
2008 & hofudborgarsvadinu.

Kjosir pu ad taka patt mun framlag pitt til rannsdknarinnar felast 1 eftirfarandi:

1. Svorun spurningalista um neyslu matveala (tekur u.p.b. 20 min).

2. Mze=ting i blodprufu til maelinga 4 TSH (malikvardi 4 virkni skjaldkirtils), Hg

(kvikasilfur) og Selen.

A0 skila inn pvagprufu 4 stadbnum.

4. Melingar 4 hed og pyngd. Spurt um heilsugaeslu, heimilislaekni, getnadarvarnarlyf og
reykingar.

(98]
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Rannsoknin er styrkt af Rannséknamidstod fslands (RANNIS), hefur leyfi Visinda-
sidanefndar auk pess a0 hafa fengio leyfi Personuverndar.

Oll rannséknagdgn, blod- og pvagprufur verda kodadar til ad gaeta tranadar vid patttakendur.
Abyrgdarmadur rannsoknar er til adstodar vid framkvemd vidtals ef parf. Patttakendur geta
avallt haft samband vid abyrgdarmann rannsoknarinnar eda adstodarmann hans.

Rannsoknagdgn verda vardveitt &4 Rannsosknastofu i neringarfraedi. beim verdur eytt eigi sidar
en 5 arum eftir lifsynatoku. Lifsyni sem send verda til Noregs verda undir umsjon og abyrgd
Dr. Amund Maage sem tekur abyrgd 4 ad eyda peim a0 melingum loknum.

Avinningur og ahatta af patttoku

Avinningur pétttakenda felst fyrst og fremst i pvi ad ef nidurstodur melinga & TSH eda
jodstyrk er ekki innan edlilegra marka pa munu rannsakendur gripa til videigandi radstafana
til ad studla ad pvi ad jodhagur patttakenda verdi leidréttur.

Allir patttakendur munu ad rannsékn lokinni fa leidbeiningar um faeduval.

Ahztta patttakenda i rannsokninni er mjog litil. Stréngum gaedakrofum verdur framfylgt vid
blodprufutoku og per allar framkvemdar af reyndu heilbrigdisstarfsfolki. Sykingahatta
samfara pvagsdfnun er hverfandi sé gaett ad almennum handpvotti.

Ekki er unnt ad greida sérstaklega fyrir patttdku 1 rannsokninni.

batttakendum er frjalst ad hafna patttoku eda hetta 1 rannsdkninni 4 hvada stigi sem er, an
utskyringa og mun pad ekki hafa neinar afleidingar.

Med g6dum kvedjum,

-

Lyl TP ec el
Dr. In(gibjorg Gupdarsdottir
Dosent vid Haskola Islands

&K@"\?‘JL\ k}t : S;;c;*,m

n \
JL e TS
Gudrun Kristin Sigurgeirsdottir >§¢
Neringarfraedingur (MSc)

Ef pu hefur spurningar um rétt pinn sem patttakandi i visindarannsokn eda vilt heetta patttoku i rannsokninni
getur pa sntid pér til Visindasidanefndar, Vegmdula 3, 108 Reykjavik. Simi: 551-7100, fax: 551-1444.
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Appendix B — Information letter 18-20 years old

Upplysingar fyrir patttakendur.

Jodhagur unglingsstulkna og pungadra kvenna

Tilgangur rannsOknarinnar er ad rannsaka jodhag unglingsstiilkna og pungadra kvenna ut fra
jodstyrk 1 pvagi dsamt spurningalista um faeduval sem verda notud til ad kanna samband milli
jodhags og neyslu dkvedinna fedutegunda. Jodhagur hefur ekki verid kannadur 4 beinan hatt
4 Islandi sidastlidin 20 ar og aldrei medal unglingsstalkna eda pungadra kvenna. Ungar og
pungadar konur er sa hopur sem er hvad vidkvemastur fyrir jodskorti.

Abyrgdarmadur rannsoknarinnar: Ingibjorg Gunnarsdottir, dosent vid Hi
Rannsodknarstofa 1 neringarfraedi
Landspitali Haskolasjukrahtis
Eiriksgdtu 29, ris
101 Reykjavik
Simar: 543-8416 / 543-8420 / 891-7017
Tolvupostur: ingigun@landspitali.is

Adrir sem ad rannsOkninni koma eru Gudrin Kristin Sigurgeirsdottir, neringarfreedingur
(M.Sc.) 4 Rannsoknastofu i ne@ringarfradi, Ari. J. Johannesson, sérfredingur i lyflekningum,
innkirtla- og efnaskiptasjukddémum & Landspitala-haskolasjukrahasi, dr. Amund Maage,
rannsOknamadur vid NIFES i Noregi, dr. Laufey Steingrimsdottir neringarfreedingur auk
Heilsugeslunnar 4 hofudborgarsvadinu.

Urtak 350 pungadra kvenna a 2. og 3. pridjungi medgdngu verdur tekid ur madraskram
Heilsugaslunnar 4 héfudborgarsvaedinu 4 timabilinu juni 2007 — mai 2008. Handahofsurtak
350 unglingsstalkna (16-20 ara) verdur tekid Gr Pjodskra {slands 4 timabilinu juni 2007 — mai
2008 4 hofuodborgarsvadinu.

Kjosir pu ad taka patt mun framlag pitt til rannsdknarinnar felast i eftirfarandi:

e

Svorun spurningalista um neyslu matvala (tekur u.p.b. 20 min).

6. Meting i blodprufu til maelinga & TSH (melikvardi 4 virkni skjaldkirtils), Hg
(kvikasilfur) og Selen.

7. A9 skila inn pvagprufu 4 stadnum.

8. Melingar 4 had og pyngd. Spurt um heilsugeslu, heimilislekni, getnadarvarnarlyf og

reykingar.
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Rannsoknin er styrkt af Rannséknamidstod fslands (RANNIS), hefur leyfi Visinda-
sidanefndar auk pess a0 hafa fengio leyfi Personuverndar.

Oll rannséknagdgn, blod- og pvagprufur verda kodadar til ad gaeta tranadar vid patttakendur.
Abyrgdarmadur rannsoknar er til adstodar vid framkvemd vidtals ef parf. Patttakendur geta
avallt haft samband vid abyrgdarmann rannsoknarinnar eda adstodarmann hans.

Rannsoknagdgn verda vardveitt &4 Rannsosknastofu i neringarfraedi. beim verdur eytt eigi sidar
en 5 arum eftir lifsynatoku. Lifsyni sem send verda til Noregs verda undir umsjon og abyrgd
Dr. Amund Maage sem tekur abyrgd 4 ad eyda peim a0 melingum loknum.

Avinningur og ahatta af patttoku

Avinningur pétttakenda felst fyrst og fremst i pvi ad ef nidurstodur melinga & TSH eda
jodstyrk er ekki innan edlilegra marka pa munu rannsakendur gripa til videigandi radstafana
til ad studla ad pvi ad jodhagur patttakenda verdi leidréttur.

Allir patttakendur munu ad rannsékn lokinni fa leidbeiningar um faeduval.

Ahztta patttakenda i rannsokninni er mjog litil. Stréngum gaedakrofum verdur framfylgt vid
blodprufutoku og per allar framkvemdar af reyndu heilbrigdisstarfsfolki. Sykingahatta
samfara pvagsdfnun er hverfandi sé gaett ad almennum handpvotti.

Ekki er unnt ad greida sérstaklega fyrir patttdku 1 rannsokninni.

batttakendum er frjalst ad hafna patttoku eda hetta 1 rannsdkninni 4 hvada stigi sem er, an
utskyringa og mun pad ekki hafa neinar afleidingar.

Med g6dum kvedjum,

-

Lyl TP ec el
Dr. In(gibjorg Gupdarsdottir
Dosent vid Haskola Islands

&K@"\?‘JL\ k}t : S;;c;*,m

n \
JL e TS
Gudrun Kristin Sigurgeirsdottir >§¢
Neringarfraedingur (MSc)

Ef pu hefur spurningar um rétt pinn sem patttakandi i visindarannsokn eda vilt heetta patttoku i rannsokninni
getur pa sntid pér til Visindasidanefndar, Vegmdula 3, 108 Reykjavik. Simi: 551-7100, fax: 551-1444.
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Appendix C — Consent form for 16-18 years old and legal

guardian

UPPLYST SAMPYKKI unglingssttlkna og forradamanna fyrir patttoku i visindarannsokninni
,» Joohagur unglingsstulkna og pungadra kvenna & Islandi “

batttakandi sampykkir hér med patttoku & rannsokninni “Jodhagur unglingsstulkna og
pungadra kvenna”. batttakandi sampykkir ad svara spurningalista um neyslu matvaela og skila
inn pvagprufu. Einu sinni verdur tekin blodprufa.

Nidurstodur rannsOknarinnar munu verda sendar til birtingar i virtum erlendum
visindatimaritum.

batttakandi hefur lesid kynningarbréf um rannsoknina “Jodhagur unglingsstilkna og pungadra
kvenna”.

Undirskrift patttakanda:

Eg,
lysi pvi hér med yfir ad ég gef sampykki mitt af fisum og frjalsum vilja fyrir pvi taka patt i
pessari rannsokn “Jodhagur unglingsstulkna og pungadra kvenna”’sem styrkt er af
Rannsoknamidstod fslands (RANNIS). Eg sampykki ad lifsyni (6personugreinanleg) megi
flytja til Noregs par sem pau eru unnin undir stjorn og dbyrgd Amund Maage. Synum verdur
eytt ad vinnslu lokinni. Eg hef fengid naudsynlegar upplysingar og lesid peer yfir.

Meér hefur verid kynnt edli og umfang pessarar visindarannsdknar og ég er sampykk(ur)
patttoku og skrifa pvi undir pessi tvo eintok:

Dagsetning og stadur:

Kennitala patttakanda

Undirskrift patttakanda Undirskrift foreldris/forrddamanns

Undirritun pess sem aflar sampykkis
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Appendix D — Consent form for 18-20 years old

UPPLYST SAMPYKKI fyrir patttoku i visindarannsokninni
,» Joohagur unglingsstulkna og pungadra kvenna & Islandi “

batttakandi sampykkir hér med patttoku & rannsokninni “Jodhagur unglingsstulkna og
pungadra kvenna”. batttakandi sampykkir ad svara spurningalista um neyslu matvaela og skila
inn pvagprufu. Einu sinni verdur tekin blodprufa.

Nidurstodur rannsOknarinnar munu verda sendar til birtingar i virtum erlendum
visindatimaritum.

batttakandi hefur lesid kynningarbréf um rannsoknina “Jodhagur unglingsstalkna og pungadra
kvenna”.

Undirskrift patttakanda:

Eg,
lysi pvi hér med yfir ad ég gef sampykki mitt af fisum og frjalsum vilja fyrir pvi taka patt i
pessari rannsokn “Joohagur unglingsstulkna og pungadra kvenna” sem styrkt er af
Rannsoknamidstod fslands (RANNIS). Eg sampykki ad lifsyni (6personugreinanleg) megi
flytja til Noregs par sem pau eru unnin undir stjorn og dbyrgd Amund Maage. Synum verdur
eytt ad vinnslu lokinni. Eg hef fengid naudsynlegar upplysingar og lesid peer yfir.

Meér hefur verid kynnt edli og umfang pessarar visindarannsdknar og ég er sampykk patttoku
og skrifa pvi undir pessi tvo eintok:

Dagsetning og stadur:

Undirskrift patttakanda

Undirritun pess sem aflar sampykkis
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Appendix E — Health information form

Upplysingar um patttakendur

Namer: Heed: cm Pyngd:

Spurningalisti fyrir rannsakendur

Spurningar um heilsuvernd (spurningar 1-2)

1) Hj& hvada heilsugaeslu ertu skrad?

2) Hja hvada heimilislaekni ertu skrad?

Spurningar um reykingar (spurningar 3-4)

3) Hefur pu einhvern tima reykt?

Qja

U nei (ef svarad neitandi fardu beint ad spurningu 5)
4) Reykir pu niina?

Qja

U nei

Spurningar um Iyf (spurningar 5-6)
5) Hefur pd einhvern tima notad getnadarvarnalyf?

Qja (nafn lyfs: )
U nei

6) Notar pu getnadarvarnalyf nina?
Qja (nafn lyfs: )
U nei
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Appendix F — Validated Food Frequency Questionnaire

Rannsoknastofa i neeringarfraedi

Landspitali-Haskdlasjukrahus ‘\
Eiriksgata 29, 1. haed \ N 4
101 Reykjavik LANDSPITALI
S|’m|. 543 8416 MASKOLASIUKRANDS

Fax: 543 4824
ingigun@landspitali.is

Faeduvenjur: Nokkrir faedupaettir

Spurningar vegna rannsoknarinnar
,Jodhagur pungadra kvenna og unglingsstilkna & islandi”

Radnumer:

Hvernig a ad fylla at spurningalistann

Vinsamlega lestu spurningarnar og valmoguleikana vandlega adur en pu svarar
spurningunum. Flestar spurningarnar eru pannig ad pad a bara ad merkja vid einn
reit. | nokkrum spurningum ma merkja vid fleiri méguleika ef vid 4. | nokkrum
spurningum bidjum vid pig um ad skrifa svarid.

PU ert bedinn ad svara mea tilliti til pess hvernig pu varst ad borda ad medaltali
sidustu 3-4 vikurnar.
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Fiskur — hvad
boroar pu
vanalega?

Adalréttur

F1. Hvad bordar pu oft fisk sem
adalrétt?
O Aldrei
O 1-3 sinnum i manudi
O 4-6 sinnum i manudi
O 2 sinnum i viku
O 3 sinnum i viku
O 4-6 sinnum i viku
O A hverjum degi
[0 Annad (skrifadu):

F2. Hvada gerdir/tegundir fiska

bordar pu oftast sem adalrétt?
(merktu vid med tdélum 1-4 ef vid &)

O Ysu

O porsk

O Ludu

O Lax

0 Annad (skrifadu):

F3. Pegar pu bordar fisk sem
adalrétt, hve mikid bordar pu i

hverjum matmalstima? (veldu as
segja fra eins og pér hentar best ad lysa

pvi)
gromm

flak (t.d. 1 flak, 72 flak, Vs
flak o0.s.frv.)
Fékk mér sinnum a
diskinn

Annad (skrifadu):
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Braudaleqq, forréttur

F4.

F5.

F6.

Hvad bordar pu oft fisk sem
braudalegg eda sem forrétt?

D Aldrei (ef aldrei fardu beint i spurningu F7)
O 1-3 sinnum i manuédi

O 4-6 sinnum i manudi

O 2 sinnum i viku

O 3 sinnum i viku

O 4-6 sinnum i viku

O A hverjum degi

O Annad (skrifadu):

Hvada gerdir/tegundir fiska
bordar pu oftast sem alegg eda

sem forrétt? (merktu vid med
télum 1-6 ef vid &)

O sild

0 Reyktan/grafinn lax
O Kaviar

O Sardinur

O Makril

O Reekjur

0 Annad (skrifadu):

Hve mikid bordar pua i hvert

sSinN? (t.d. hve margar sneidar, bita eda
matskeidar & eina braudsneid og hve
margar braudsneidar)




Lysi

(Merktu bara einu sinni vid hverja

F7.

F8.

spurningu)

Tekur pu inn lysi eda
lysisperlur? (Ef nei pa mattu sleppa
peim spurningum sem eftir eru)

O Nei
O Ja

Hvada tegund?

[0 borskalysi

[0 Ufsalysi

O Ladulysi

0 Hakarlalysi

0 Annad (skrifadu):

73

F9.

F10.

Hve oft?
O A hverjum degi
O 4-6 sinnum i viku

O 2-3 sinnum i viku
OO Annad (skrifadu):

Hve mikio?

O Teskeid

O Barnaskeid

O Matskeid

O Fjoldi lysisperla (skrifadu):




Appendix G — Semi-quantitative Food Frequency Questionnaire

Dzemi um hvernig 4 ad fylla Gt eydubladio

Sjé spurningu 1. Braud, kékur, kex

Hér er spurt hversu margar braudsneidar, kexkékur og kékusneidar pa bordar yfirleitt i manudi, viku eda 4
dag.

Segjum sem svo ad Jon Jonsson bordi yfirleitt tveer heilhveitibraudsneidar 4 morgnana alla virka daga, hann
fai sér @vinlega samloku i hadeginu ur heilhveitibraudi og auk pess eina til tvaer grofar braudsneidar
siddegis 5 daga vikunnar. Franskbraud, rigbraud eda hrékkbraud bordar hann hins vegar aldrei. Hann
aaetlar neysluna 4 heilhveitibraudi og gréfu braudi pannig:

Hann attar sig a pvi ad 5 daga vikunnar bordar hann 5-6 sneidar 4 dag en tvo daga vikunnar adeins tvaer
sneidar. AJ jafnadi bordar hann pvi 4-5 sneidar 4 dag. A eydubladinu er hvergi haegt ad merkja vid 4-5
sneidar 4 dag heldur annad hvort 3-4 4 dag eda 5 eda fleiri. Jon metur st6duna pannig ad réttara sé ad
merkja vi0 reitinn 5 eda fleiri, pvi pad sé liklega naer hinu rétta.

Jon feer sér @vinlega vinarbraud a sunnudagsmorgnum og merkir pvi i reitinn 1/viku. Pénnukékur fzer hann
u.b.b. einu sinni { manudi en bordar pa 4-5 pénnukskur og merkir pvi vid 1/viku (4 { manudi). Kleinur eda
jolakoku fer hann sér med kaffinu flesta daga vikunnar og bordar pa gjarnan 2 kleinur eda kékusneidar.
Hann merkir pvi vid reitinn 2 4 dag. Rjéma setur hann adeins 4 tveer pénnukékur i manudi og merkir i
samraemi vid pad. Kex bordar hann aldrei.

Utfyllt eydublad Jéns litur pannig Ut fyrir spurningu 1:

1. Braud, kokur, kex
Hversu margar braudsneidar, stykki, bor0ar pa 4 dag, i viku eda manudi? Eitt rannstykki eda
langloka teljast tveer braudsneidar. Merktu vid einn reit i hverri linu, annad hvort vid sneidar 4 dag,
i viku, 1 manudi eda aldrei eftir pvi sem vid 4.

Fzdutegund _ Aldrei { manuoi fviku A dag
sneidar sneidar sneidar
Aldrei |Femi 1 23] 1 23 46| 1 2 3-4 Seoa
enl fleiri
Franskbraud, hvitt braud X T80 ] 0 ] 8 5 O e S
Rig-, malt-, flatbraud X [ Y Y I I Y 1 O O A O
Heilhveitibraud, groft braud | [ S (SO ) ) o [ e <
Hrokkbraud, brudur, kringlur X O O Og o og oo o
Vinarbraud, smjérkaka | [ 8 ] e 8 S [ | B [ 5
Snudur, ponnukokur, vofflur 0 O 00Ol O Oolg o o og
Kleinur, kékur, annad setabraud O EFER EREEN ES BN ER XK S E
Kex, satt, satt 2 O O 0/l o oo oo g
Rjomi 4 koékur, vofflur O [ [ S 1< 5 ) 5 O 0 ] s [
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T 7

1. Braud, kokur, kex
Hversu m braudsneidar, stykki, bordar pii 4 dag, { viku eda manudi? Eitt rinnstykki eda
langloka teljast tvaer braudsneidar. Merktu vid einn reit { hverri linu, annad hvort vid sneidar 4 dag,
i viku, { mdnudi eda aldrei eftir pvi sem vid 4.

Aldrei | Farri Seda

ki
e
[9%]
-
K
[9%]
[e2]

1

Franskbraud, hvitt braud

Riig-, malt-, flatbraud
Heilhveitibraud, groft braud
Hrékkbraud, brudur, kringlur
Vinarbraud, smjorkaka

Sntidur, pénnukokur, vofflur
Kleinur, kokur, annad setabraud
Kex, saett, 6saett

Rjémi 4 kokur, vofflur

15 (] fiie (] Sl (] g (] o
B (] g (] g [ ] fs [
SNl (] AESiw (] g (] NS (] G
B (] SN [ NSl (] S (] S
ISl (] gy [ SRSl (] fS (1 g
“qup =} fmp | EE
C qup  Jul  jmp  mp
SNl (] SR (] gl (] g (]
_ juj "~ jml " imp  Imj * EU
i (] iy [ phaiy [ ] gy [ ]
_ |uy jul fug W

2. Med hverju er braudio (kexio) smurt?

Hversu margar braudsneidar eda kexkokur smyrdu 4 dag eda 4 viku med hverju feitmeti
fyrir sig? Teldu samanlagdan fjolda sneida eda stykkja af 6llu braudi, hrokkbraudi eda
kexi sem er smurt.

Sélbléma (65%), Olivio
Létta, Létt-Solbléma, Lina, Smyrill

Fj6ldi braudsneida Aldrei ;::T t 99|l 1 28 a6l 1 2 34 ?1 ziﬁr?
Smijor (fjoldi sneida) ] S 5 3 ot S S
Smjorvi ORI B3 B R L
Létt og laggott o b T A S T ) e
Klipa O 0o 0 oo o

=8 1 ] et ! e S

O OO0 O O 0O

[ gl (1 gS (]
O] R O s [
O g O i [
O & O = O
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3. Alegg. Fjoldi braudsneida med hverju dleggi
Skradu hér samanlag®an fjélda braudsneida eda kexa 4 dag, viku eda manudi med hverri dleggstegund.
Ef tvaer eda fleiri dleggstegundir eru hafBar 4 einni sneid, skal merkja vid allar tegundirnar.

>
g

S
1
»

—

—

Ostur, 26% ebda feitari

Ostur, 17%, 11%, smurostur
Camembert, Brie, rjémaostur, gradostur
Skinka, hangikjot, kjotpylsa, steik
Spzgipylsa, pepperént, rillupylsa, beikon
Keafa, paté

Salat med majonesi/syrdum rjoma

Lax, silungur, sild

Rekjur, egg

Granmeti/dvextir sem dlegg

Sulta, marmeladi, hunang

Hnetusmjor

miy ~ juj - =g mg - =l JE@

[ [l ] fis (] S [ 1 Sl [ ] e [ ]

O fEin (] B (] gl (1§l (1 gty (1 je

O SN (] Qs (7 QS 7 sy 1 jsiy (1 je

0 §SiN O i (1 sty (] gy (1 gty [ f

O (Sl O JSE () jSiN 1 Sy O] §Sis (] 5

O §Siy O NSNS 1 jissil (1§58 (] (S (] NS
0O (El O =N O =N O S 1 SN O 8

O B O S O 5N (1 §SR (1 il [ =~
ml -~ july  ful =g  jEl . =g
ml - =l - EQ " mj  IEQ " IEQ

4. Mjélk til drykkjar.
Hversu moérg mjélkurglos drekkur pi 4 dag, viku eda { manudi (1 glas=2dl)
(Ekki telja med mjolk 1t 4 graut o.s.frv. eda tt i kaffi),

Mlied | Pl 4 o34 28 we| 1 2 w4 30t
Nymjélk, kaké tr nymjélk [ T F 5 ) T 0 i e R
Léttmjolk, selumjolk, kaké dr léttmjolk O/ O o0 oo oo o
Undanrenna, fjormjélk 23 i v o ] ol S 0 - |
Mysa oo O o0 0O oo o o o
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5. Drykkjarvorur
Hversu morg glos, bolla o.s.frv. drekkur pu af hverjum drykk?

Ml | B 14 28|41 28 48] 1 2 34 T
Vatn, sédavatn, sykurlaus gosdrykkur (glas) O | O O O|0O O O(O O O 0O
Avaxtasafi, hreinn (litil ferna) o0 O o0 o o/g o oo g
Svali, djds (litil ferna) (1) 5] O 1 S o S o T S [ ] S
Gosdrykkur (glas) o0 O oo o o/go o o g
Pilsner, maltél (glas) S S R T R P ] i ] A
Bjér (glas) O|0 O oo o ojo oo g
Léttvin, bordvin (vinglas) e O e 4 e e S [
Millisterkt vin (sherry, partvin, likjor) (glas] O | O O OO0 O OO0 O O O
Sterkt vin (sjdss) [ 1 T i O s )
Kaffi (bolli) O(0 O Oolo o ojg o o g
Te, jurtate (bolli) ] [ T s o e i R 1 (R 1 S 1|

6. Notar pu mjolk, sykur o.s.frv. i kaffi, te?

Skridu fjolda bolla med hverju fyrir sig.

5eda

A Pl 4 23] 4 48| 1 2 B4 30
Mijoélk, léttmjélk { kaffi, te 0 5 5 S M e ) S S8 S [ o= ]
Rj6mi, kaffirjémi { kaffi, te oo 0 O0O0 o0oo0 o oo
Sykur, hunang { kaffi, te ] e e [ v e [ e ) e e o [
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T 7

Athugio: Hér eftir verour spurt um tidni, p.e. hversu oft pu
bordar tilgreindar feedutegundir

7. Morgunkorn, grautar, syrdar mjolkurvorur
Hversu OFT bordar pa pessar vorur?

Aldrei |Sjaldnar Seba

e 1 23 1 23 46 1 2 34 oftat
Hafragrautur e 68 e M e et P O 1 2
All-bran, musli, hafram;jél A N O o ) e R MY 1 1 I Y I O
Morgunkorn, (Cheerios o.p.h.) [ 51 e i) [ o 6 o e il 1
Hrisgrjénagrautur, mj6lkursipa HBi8 B e B BalE B O B
Surmjolk, AB-mjélk, ABT-mjolk, jogtirt | [ S e i T T A T
Syrb 1éttmiolk, 1éttj6girt, fismjolk olo o olo B olE O o o
Skyr, berjaskyr e s e e e o e e e e e
Rjémaskyr, pykkmjolk, engjapykkni O D 3 CPE B ERE T 5
Sykur 4 morgunkorn, skyr, sirmjélk, graut | O | O O O|0O O OO O O O

8. Mjolk it a graut, morgunkorn eda skyr
Hversu oft hefurbu pessar vorur sem utalat? (Ekki til drykkjar eda { kaffi, te)

Aldel Sl .y 03| 4 28 48| 1 2 24 30
Nymjolk 10 5 R [ S e 0 [ P o o B
Léttmjolk, selumjélk O|0 O oo o oo oo g
Undanrenna, fjormjélk 3 B R 5 T 3 [ 1 el [ 1 5y &
Rj6mi 5 (0 0 e R v O o 0 o o v 4 o (O o (R
Rjomabland, kaffirjomi 1 1o |S535 ] A [
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T 7

9. Avextir og ber. Hversu oft bordar bu 4vexti og ber?

el [ oy 03 | 4 1 2 o 220
Epli, perur NS ] N [ B [ | S EES S L
Appelsinur, mandarinur, greip, kivi OO0 0O 0|0 o og o g d
Bananar oot [ 5 o S U 8 0 e o [ 1)
Rusinur, sveskjur, d6Slur o0 O OO0 o ojg o o g
Abrir dvextir eda ber R ) e[| e | S S s )

10. Sipur, eftirréttir
Ef um er ad r&da matarmiklar sipur skal skra kjot, fisk, grenmeti, kartoflur o.s.frv. dr sipunni
4 videigandi stad i spurningum nr. 12 til 16 en skrd sjdlfa stipuna hér.

2
Stpa, ter {1 B T | S = 1 T ) S S| SAS [S 8 S SRS E] S (SN ]
Stipa, pykkt eda rjiémalgud O|lo0o o oo o oo o o g
Biidingur | by o et e 8 o i o ) o [
Is, frémas Oo(0 O O(o o oo o o g

11. Heitur matur. Yfirlit. Hversu oft bordar b pessar fedutegundir eda rétti?
_ (Ekki telja med dlegg 4 braud).

Aldrei |Sjaldnar 5eda

en 1 1 23 1 23 46| 1 2 34 oftar

Fiskur, fiskfarsréttir [ 5 S 0 T [ | 5] [
Kjot, pylsur, hamborgari, hakkréttir O O oo o oo o o o
Pizza b (e SN E ] R R s | e P R
Pastaréttir (sem adalréttur) O|o0 O 0|0 o ojgo o o o
Grenmetis-, bauna- og hrisgrjénaréttir O [ S ) O O 5 8 S 5] 8 R [
(sem adalréttur)

Eggjaréttir (sem adalréttur) oo o oo o oo o g o
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12. Fiskréttir. Hversu oft bordar pi pessa fiskrétti?

Aldeel |Salnar 4~ 23 1 23 46| 1 2 34 2%
Sodinn nyr fiskur, bakadur, gl6dadur [ e e T S S T [
Steiktur fiskur Ol o O 00 0O ok 0 8 &8
Fiskibollur, fiskibidingur T 5 S ) ] ] A ] [ S ]
Saltfiskur, reyktur fiskur O|0O0 OO0 oogo|lo o o g

13. Kjotréttir. Hversu oft bordar pi pessa kjotrétti?

Aldrei

Sjaldnar

enl

=

5

—

»
&

R
1
=2}

—

w
A

5 eda
oftar

Hakkréttur, hamborgari

Pylsur, kjotfars, kjotbadingur

Bjigu

Feitt og millifeitt kjot (t.d. kétilettur, frampartur)
Magurt kjot (t.d. leri, gillas eda fita skorin burt)
Saltkjot, hangikjot, reykt kjot

Bl68mor, lifrarpylsa, lifur

Kjiklingur, annad fuglakjot

[ iy (7 gl (] el ]

a

O #Sl O g5 (1 S O
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[ g (] poaiy (] iy (] Qe
[ SiS ] i ] Ml (1 fee

[ i (] gl (1 Ml (] Ssil ~
ml  fml O fml - ey
[ g (] pSis (] iy [ ] e

14. Medleeti. Hversu oft bordar pu pessar fadutegundir sem medlzeti

Aldei |skinae 4 05| 1 28 48| 1 2 84 20
Bakadar baunir 10 0 [T 51 S [ T | o [ 5 S e
Egg (sodin, steikt, hrard) O|0 O 0Olo o o|lg o o d
Kartoflur (sodnar, bakadar) ERNE S E S E S B EEER R E s EAE ES e [E]
Kartoflur (steiktar, franskar) OO0 O OO0 O Oj8g O 0O 8
Hrisgrjon [ T S 8 S ST [ ) ) S [
Pasta, spaghetti Oo|o O o0 oo/ oo d
Hamborgara-, pylsu-, pitubraud 15 S i o 1 (| 6 S s 6 e ) O 5 e [
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15. Greenmeli. Hrdft eda sodio. Hver

Aldrei | Sjaldnar . 5ela
g 1 23| 1 23 46 1 2 34 ofar
Hratt greenmeti, grenmetissalat O [ O 6 v | [ | O [

Sodid greenmeti (nytt, frosid, nidursodid) oo 0o oo o0 oo o00go g

16. Greenmeti. Hversu oft bordar pud pessar grenmetistegundir? Teldu bedi med grenmeti sem fer
1 pottrétti og blandada rétti eda bordad sér. Ekki skal telja med greenmeti sem édlegg 4 braud eda pizzur.

1l y I'€ 11 D1 i 1

Aldrei |Sjaldnar 5eda

i 1 2-3 1 2-3 4-6 1 2 34 oftar
Gulreetur, réfur [ [ S [ S T 0 T [ [ 5]
Hyvitkal, bl6ém-, spergil-, raudkal oo O oo oo ojlgo o o g
Granar baunir, maiskorn {0 O A ] | M ] O ] B [ 5]
frosin greenmetisblanda
Laukur, pirra, hvitlaukur OO0 O OO0 O oo o 0o o
Girka, tématur, paprika, salat [ 5 S 1 1 S | S [

17. Sosur og feiti. Hér er spurt hversu oft bd bordar sésur og feiti, hvort heldur er med fiski, kjoti
graenmeti, salati eda pasta. Telja skal med sésur { pottréttum og i bokudum fiskréttum. Einnig skal

telja med sésur med hamborgurum, pitum, fronskum kartéflum og

pess héttar.

Aldrei | Sjaldnar 5 eda

1

»
&

1

3
s
[

(o))

1

enl

Smjor, smjorvi, kalt, brett

O

Létt og laggott, Klipa, Létt smjorliki
Annad smjorliki

Flot, télg

Brin sdsa, s6sa dr tmotum, greenmeti
Rjémasésa, ostasdsa, syrdur rjomi
Mjélkurjafningur, sésa ur stirmjolk, joguirti
Hollandais-, bernaissésa

Kokteilsésa, remiiladi, hamborgarasésa

O [ (] SR (] js ] 98 (] f
O gl O] S8 (1 S8 (] S (1 i
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O] e O] 4SS (] 4S8 (] fe (] s
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O] =i ] s (] Sy (] g (] USE ~
DDDI’:IE]DDDEIEI
[0 gty [ il (] gy (] §i [ ] s

Salatsésa { flosku, 1€tt sésa, 1étt majones
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18. Scelgeeti, snakk. Hversu oft bordar bd pessar vorur?

Aldrel [k 4y 25| 4 28 46| 1 2 34 2%
Stikkuladi, sikkuladikex O i el 1 o e S e v v e [
Brjéstsykur 0 A0 o o A v i O 0 o 1 (R i 0 90
Lakkrfs (1-3 stk) i S 0 o o W 5] 50 o S B s S e S
Lakkris (poki) OO0 3 Opd B o O e
Hlaup, Opal, Tépas vl e e it ) i R i ) T [t i s
Poppkorn 0gad B B B B ) E B B OO
Kartofluflogur, skrifur, saltkex T o et oo sl P 1 o el ) 0 3
Salthnetur ) {0 S i ) o i ) e [ ] i A i g i
Hardfiskur, hdkarl 1 e SR W e | e o
Idyfur O|0 O O0O(0 0o oo o 0 0O
Ostur, ekki sem dlegg T ] e s o T e i R [ e e | S )

19. Tekurdu vitamin, lysi eda dnnur feedubdtarefni?

Aldrei

Sjaldnar
) 1

o
o

enl

—_

N
do
'S
1

o))

=

w
A

5eda
oftar

Fjolvitamin med A- og D-vitamini
Fjélvitamin an A- og D-vitamins
Lysi (porska-, ufsa-)

Lysispillur

E-vitamintoflur

B-vitamintoflur

Folasintoflur (folin, folinsyra)
C-vitamintoflur

Jarntoflur, jarnmixtira

Kalktoflur

Omega-3 hylki, hdkarlalysishylki

|
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20. Mdltidir. Merktu vid hversu oft bi bordar pessar maltidir eda millibita.
Drykkur dn annarrar f&du telst hvorki maltid né millibiti.

Aldrel Jsielar 4 531 1 23 46| 1 2 34 O
Morgunverdur [ ) [V 8 [ I 3 8 (5 [ S
Millibiti ad morgni | o o oo o ojo o o o
Hadegisverdur (R [ T T 1 5 R ) 8 5 S e
Siddegiskaffi, siddegishressing =B B B E Ee B LR ELE B
Kvoldverdur VRS ] [ 9 T o T ) e ]
Kvéldhressing o0 o o|jgo o ojg o o a
Millibiti ad n6ttu e A e = S e R e R e S R e =

21. Hversu oft eru pessar fitutegundir notadar til steikingar par sem pii bordar?
(pegar matur er steiktur 4 annad bord)

Veit ekki Sjaldan Stundum Oftast
eda aldrei eda alltat
Steikingasmjorliki O O O O
Soja-, s61bléma-, mais-, matarolia O | O O
Olifuolia | O O O
Smjor O O O O
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22. Hvad feerdu pér yfirleitt mikio af hverju fyrir sig?
Skodadu ljésmyndirnar af mismunandi skammtasterdum 4 nzstu bladsidum og merktu vid
i toflunni hér 4 eftir hvada skammtur er likastur pvi sem pu ferd pér oftast af hverri feedu eda

samberilegri f2du. Mundu ad taka me® { reikninginn ef pu feerd pér yfirleitt oftar en einu sinni
4 diskinn, pa parftu ad dztla samanlagt magn.

Minna en A A B (2 Meiraen C
Fiskur O [0S [ it =) 0
Kjotréttur O o O O |
Kartoflur O (]S (E1[E O
Hrisgrjén O O 0O O O
Sodid graenmeti O 1 e g O
Granmetissalat O O O d O
Hvernig er braudid smurt O ] S O

23. Hér er spurt um algengan sosuskammt i matskeioum (msk) eda desilitrum (dl)

Minna en | 2-3 -l Meira en
1 msk msk  msk dl 1dl
Rjémasdsa, ostasésa O I S EE S O
Kokteilsésa, salatsésa O O O 0O |
Feiti O P e (|

Bestu pakkir fyrir patttokuna!
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Veldu pa skammtastcero
sem mest likist pvi sem pu feerd pér oftast

Feerdu svorin inn i spurningu 22 hér ad framan

Fiskur [}

&5



Hrisgrion [}

Hvernig er

braudid smurt _ I3
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