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Abstract

Introduction: Allergy to cow’s milk protein is the most common food allergy in children under the age
of three years. A diet without milk or dairy products is potentially low in many nutrients and could
put the child at risk of malnutrition and compromised growth. Dairy products are a major source of
iodine in the Norwegian diet, and excluding dairy products may negatively affect iodine status.
Insufficient iodine status during childhood could potentially be detrimental and put the child at risk

for delays in mental development and poor growth.

Objectives: The main objectives of this study was to investigate iodine intake and status along with
growth in infants and young children under two years of age who were on a cow’s milk protein free

diet and to identify factors affecting iodine status and growth in these children.

Methods: Fifty-seven infants and children under two years of age where included in a larger cross-
sectional study on the nutritional status of children on cow’s milk protein free diets (MILKID study).
Two spot urine samples from were collected and analysed for iodine, together with a three day food
record and a food frequency questionnaire on dietary sources of iodine. Urine iodine concentrations
were compared to the WHO cut-off values for iodine deficiency. Weight, length and head
circumference were recorded at birth and at inclusion in the study and compared to the Norwegian
growth standard. Sub-group analyses were done on different feeding patterns, according to weaning

status.

Results: One third of the children had iodine deficiency according to urine iodine concentration (UIC).
Children who were mainly breastfed were at highest risk and 58 % was classified as deficient. Dietary
factors associated with iodine were intake of enriched baby cereals (r =0.230, p = 0.02) and reaching
RDI for iodine through diet (r=0.313, p = 0.03). Children of mothers who took supplement with iodine
had higher urinary iodine concentrations, though this was not significant. Growth in length was
compromised in boys, 11 % of the infants had weight for age z-score (WAZ) and BMI for age z-score
(BMIZ) of -2 and 5 % length for age z-scores (LAZ) of < -2 at inclusion and this was associated with

food refusal and low appetite, but not associated with iodine deficiency.

Conclusion: The present study demonstrates that the exclusion of cow’s milk protein puts the child
at risk of deficiency of iodine and poor growth, however the two conditions were not related. Infants
reliant on breast milk as their main iodine source are at increased risk of iodine deficiency. Boys with

feeding problems were at highest risk of growth failure.
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1 Introduction

1.1 Food allergy

Allergy to components of food in the diet affects between 2.5 - 6 % of children worldwide with the
highest prevalence among the youngest age groups. Allergy to cow’s milk, egg, wheat, soy, peanuts,

tree nuts, fish and shellfish constitutes the majority of food allergic reactions (1-3).

The National Institute of Allergy and Infectious Diseases has defined food allergy as ”an adverse
health effect arising from a specificimmune response that occurs reproducibly on exposure to a
given food” (4). An important differentiation in the management of hypersensitivity is that of allergy
or intolerance. Food allergens are defined as the specific components of food or ingredients within
food recognized by allergen-specificimmune cells which then initiates specificimmunological
reactions, resulting in a great diversity of symptoms. Food allergens are typically proteins, but
sometimes also chemical haptens. Intolerance is non-allergic food sensitivity as a result of enzyme

deficiencies for example (5) .

There are no pharmaceutical interventions to prevent the allergic reactions. Treatment involves
elimination the offending food from the child’s diet, with the risk of negatively affecting the
nutritional quality and hence the nutritional status of the child. Most food allergy commonly
develops within the first three years of life which means that development and growth may be
compromised. This is particularly true if the food excluded is a major contributor of essential

nutrients (2, 6).

1.2 Cow’s milk protein allergy

Children with cow’s milk allergy must avoid all milk and dairy products and these products are major
providers of many nutrients, including iodine. In many European countries, milk and dairy products
are the main contributors of iodine (7). lodine is essential for brain development and growth, and in
particularly in the first few years of life deficiency of iodine could have detrimental effects (8, 9). This
thesis has sought to investigate the effect of excluding cow’s milk protein, as treatment for cow’s

milk protein allergy, on iodine status and growth in children under the age of two years.



1.2.1 Epidemiology

The most common of food allergies is Cow’s milk protein allergy (CMPA). The prevalence varies
widely in the literature and studies of prevalence are heterogeneous in many aspects making
conclusions about true prevalence difficult. Most commonly CMPA is reported to affect 2-3 % of
children under the age of three years; however, CMPA with gastrointestinal tract manifestations
alone can be diagnosed in all age group (10). In a Norwegian study of the prevalence of adverse
reactions to milk the point prevalence of cow’s milk allergy was estimated to be 1.1 %; however the
investigators speculated that this was an underestimate as unrecognized reactions were detected
(11). In the latest rapport from the EuroPrevall birth cohort, the incidence of diagnosed CMPA in
Europe was 0.54 % in children up to the age of two years. National incidences ranged from 1 % in
Britain and the Netherlands to 0.3 % in Lithuania and Germany, and none in Greece (12). This study,
however, did not include reactions that took place later than two hours after exposure to cow’s milk
protein (CMP), except for worsening of eczema within 48 hours of starting the challenge. It therefore
failed to include children with late reactions, frequently seen in gastro intestinal allergy. The
prevalence of CMPA is highest in the first two years of life and in several studies most children
outgrow their allergy by age three. In a Danish study of CMPA in children from birth through the age
of 36 months, CMPA was suspected in 6.7 % and confirmed in 2.2 %. In this cohort allergy to milk
developed in the first year of life, and by the age of three years most of the allergic children were

able to tolerate milk (13).

1.2.2 Signs and symptoms
CMPA reactions are often divided into two groups according to the immune response, that is

Immunoglobulin E (IgE) and Non-IgE mediated. In a subject the reactions may be IgE mediated, non-

IgE mediated, or mixed (14).

The reactions to CMP are numerous and can be of immediate or delayed onset. Immediate reactions
occur from minutes up to two hours after allergen ingestion, whereas delayed reactions manifest up
to 48 hours or even one week following ingestion. Several organ systems can be affected by a
reaction to the proteins in milk most commonly the gastro intestinal tract, the respiratory tract and
the skin (Table 1). The involvement of more than two organ systems increases the likelihood of CMPA

(10).

CMPA symptoms commonly associated with IgE-mediated reactions include oral and perioral
swelling, urticaria, angioedema, vomiting, diarrhea, eczema, rhinitis and anaphylaxis. The reactions
are of typical quick onset and often immediately after ingestion of the offending food. Non-IgE

mediated reactions include dysphagia, and food impaction, vomiting, regurgitation, dyspepsia, early



satiety, anorexia, and food refusal (delayed gastric emptying), diarrhea, rectal bleeding, failure to

thrive, abdominal pain, severe colic and persistent constipation. The symptoms can be both

immediate or delayed reactions, and mixed, and sometimes quite non-specific like irritability or

failure to thrive, making the diagnosis more difficult (5, 10). Symptoms also vary with age (10).

Other examples of non-specific symptoms include chronic iron-deficiency anemia and severe shock-

like reactions with metabolic acidosis characteristic for the “food protein-induced enterocolitis

syndrome” (5, 10). Clinical symptoms and signs in the digestive tract may be due several effects of

the allergy-induced inflammation, including dysmotility (10).

Table 1. Symptoms and signs related to CMPA
Infant/Toddlers

Gastro intestinal Dysphagia

Frequent regurgitation
Colic, abdominal pain
Vomiting

Diarrhea t intestinal
protein or blood loss
Constipationz perianal

rash

Failure to thrive
Iron-deficiency anemia
Anorexia, refusal to
feed

Irritability

Disturbed sleep
Anaphylaxis
Shock-like symptoms
with severe metabolic
acidosis, vomiting, and
diarrhea (FPIES)
Rhinitis

Wheezing

Chronic coughing
(unrelated to
infections)

Asthma

Urticaria

Atopic eczema
Angioedema (swelling
of lips or eyelids)
Rash

General

Respiratory

Skin

Older Children Immediate reactions

Dysphagia Vomiting
Food impaction
Regurgitation
Dyspepsia

Nausea, vomiting
Diarrhea t intestinal
protein or blood loss
Constipation
Abdominal pain
Iron-deficiency anemia
Anorexia, early satiety
Anaphylaxis

Irritability

Disturbed sleep

Anaphylaxis
FPIES

Rhinitis

Wheezing

Chronic coughing
(unrelated to
infections)

Asthma

Urticaria

Atopic eczema
Angioedema (swelling
of lips or eyelids)

Wheezing stridor
Breathing difficulties

Urticaria

Angioedema

Adapted from Koletzko et al. 2012 (10) and Kneepkens and Meijer 2009 (15).
FPIES - food protein induced enterocolitis syndrome



1.2.3 Diagnostic procedures
There exist certain relevant laboratory methods for diagnosing CMPA, such as assessment of the

level of IgE to CMP in blood, skin prick test and patch tests. The reliability of these test are limited
apart from highly elevated IgE for CMPA of the immediate type reaction. Use of patch test for
diagnosing non-IgE reactions has not been standardized, is resource consuming and predominantly

used for research purposes (16).

Diagnostic elimination of CMP is commonly used when CMPA is suspected. The child avoids cow’s
milk protein in the diet for a limited time period, the duration depending on the manifestation of
allergy. Three to five days are often adequate in children with immediate clinical reaction (e.g.
vomiting or angioedema). For children with delayed reactions, and especially those with gastro
intestinal reactions, the elimination may have to last at least two to four weeks in order to make
judgement of the response. If there is no improvement in symptoms then CMPA is unlikely.
Exceptions may occur, such as infants with major gastrointestinal symptoms on extensively
hydrolyzed or soy formulas who may react to components in these formulas and are in need of an
amino acid formula. In breastfed infants the mother must follow a CMP free diet for a minimum of 14
days in cases of delayed reactions. In cases of exclusively breastfed infants in poor condition the
practice in many countries is to put the child on an amino acid formula while the mother expresses
breastmilk in the period from starting a CMP-free diet to the breast milk is expected to be free of

CMP (10, 17).

A double-blind placebo-controlled food challenge (DBPCFC) is the gold standard for the diagnosis of
CMPA (15). The DBPCFC involves feeding the child foods with or without the offending food
component, often in increasing amounts, and registering potential reactions. Such food challenges
are time consuming and expensive. Open challenges are another option, where the child is simply
given food with CMP by the parents after a period of exclusion. If no symptoms are elicited within
two weeks of regular cow’s milk feeding then CMPA can be excluded. In some cases the re-
introduction of CMP to the child is postponed until the child is well and thriving again. A re-
evaluation and CMP challenge every six months is often recommended to ensure that the child is not

on an exclusion diet longer than necessary (10).

1.2.4 Treatment: The cow’s milk free diet
Exclusion of CMP is the only treatment for CMPA. The exclusion of CMP from the diet is extensive

and involves all types of milk, including milk from other animals like sheep and goats for example, all
dairy products like yoghurts and cheese and all food products that contain milk proteins. Milk protein

is used in manufactured foods commonly eaten by small children such as enriched baby cereals,



meat products and fish products. Dairy products are important sources of many nutrients in a child’s
diet and inappropriate substitutions can induce vitamin and mineral deficiencies, anemia, rickets,
failure to thrive and kwashiorkor (6, 18, 19). In an estimate based on the Norwegian infant feeding
survey of 12 month old children, 30 % of the protein intake, 50 % of the energy intake and 100 % of

the calcium intake came from dairy products or foods containing milk proteins (20).

Delaying the introduction of weaning foods with high allergenic potential like fish, egg and wheat etc.
is not recommended unless there is proven allergy to these foods (21) and will only lead to risks of
compromising the diet even further. Although several guidelines from international organizations,
like World Allergy Organization (WAO) and European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition (ESPGHAN), mention that particular attention must be paid to prescribing

nutritionally safe diets for children with CMPA, there exists no specific guidelines (10, 16, 22).

Because normal infant formulas contain cow’s milk proteins, hypoallergenic formulas (HA) are
recommended in the treatment of CMPA in infants and young children (10, 16). HAs are divided into
two categories, extensively hydrolyzed formulas (eHF) and amino acid formulas (AA). The difference
between eHFs and AAs are in the nitrogen source. In eHFs cow’s milk proteins, either whey or casein,
are extensively hydrolyzed by enzymes to remove the allergenic epitopes that cause the majority of
symptoms in CMPA children. In contrast, AA formulas contain pure amino acids and are considered
non-allergenic. However, AA formulas are highly expensive and often reserved for those with severe

allergies (16).

Soy formulas are based on soy protein and were commonly used in Europe until about 10 years ago,
when rising concern regarding potential harmful effects led to a debate around the safety of soy

based formulas in infants with CMPA (23). In a position paper by the ESPGHAN Gastro intestinal (Gl)
committee soy based formulas are mentioned as an option for children older than 6 months who do

not accept the taste of an eHF or in cases where the costs of eHF is a limiting factor (10).

The inclusion of hypoallergenic formulas (HA) or soy based formulas, as a substitute for normal infant
formulas and cow’s milk, improves the quality of the CMP free diet in particularly vitamin D, vitamin
E, energy, protein, calcium, iron and zinc (1, 6, 24). Infants and children with CMPA are advised to
maintain a milk substitute in the diet until two years of age; either breastmilk or a hypoallergenic
formula (16). However, HAs are known for their bitter taste and low acceptance when introduced to
older infants and children. Such non-compliance can be detrimental for the child and advice on how

to introduce these formulas are often required.



Industrial drinks made of soy, rice, almond, coconut and oat for example are improperly called
“milks” and used as substitutes in vegan diets among others. These products are unsuitable to meet
the infant’s nutritional needs and vary highly in their content of proteins, fat, energy and vitamins
and minerals. In many centers they are not recommended for substituting cow’s milk as a drink for
children less than three years of age (10, 25, 26). Rice drink is not recommended as substitute for
milk as a drink for children under the age of six due to the high content of the heavy metal arsenic

(27).

When children with CMPA are breastfed the breastfeeding mother must exclude cow’s milk protein
from her diet. There is little documentation on the effect of such exclusion neither with regards to
the nutrient content of the breastmilk nor of the nutritional status of the mother. The lactating

mother is generally advised to take calcium supplement to ensure her own bone health.

1.2.5 Cow’s milKk protein free diets and nutritional status
Exclusion of CMP puts the child at risk of malnutrition and studies have shown CMPA children are

smaller than their peers (24, 28-31). Growth is a marker of energy and protein nutrition. Weight is a
sensitive marker of energy intake and is affected by dietary inadequacies earlier and to a greater
extent than stature (18). However, inadequate protein supply and chronic energy deficit will
subsequently delay stature. In a Norwegian study, growth was affected in children aged 6-10 years
who had out-grown their CMPA but were still restricting cow’s milk and dairy products. The
previously CMPA children were shorter and slimmer than their peers. The difference in growth was
evident at the age of one, two and four years and at time of observation. Lower intakes of calcium,
riboflavin and protein were also found in the milk-restricting group (31). In a study of Norwegian two
year old children with and without CMPA, children excluding cow’s milk had lower intakes of energy,
fat, protein, calcium, riboflavin and niacin (24). Low intakes of vitamin D and calcium are a concern in
children with CMPA (18, 25). These nutrients are particularly important for bone mineral status and

disturbance in bone metabolism have been found in children with CMPA (32).

To prevent malnutrition in children excluding CMP, professional dietary advice to ensure appropriate
substitution of dairy products is essential. Several studies have found improved nutrient intake in
CMPA children who receive dietary advice from a dietitian (6, 29). In a Finnish study of children with
allergy to milk or a combination of milk and wheat, who had all received dietary advice from a
dietitian, the average intake of different nutrients were well within the Nordic nutritional
recommendation (NNR). However, compared to the average intakes of healthy Finnish children, the
food allergic children received lower amounts of protein and carbohydrates and higher amounts of

fat. The allergic group was also smaller than their peers (33). Another study looked at the nutrient



intake of children with food allergy before and after dietary counseling. 80 % of the group had CMPA.
The investigators found significantly lower intakes of energy, protein, calcium and zinc compared to
controls before dietary advice was given. Six months after dietary counseling there was a significant
increase in energy, protein, carbohydrate, iron, fiber, calcium and zinc intake in the food allergic
children. There was also a progressive decrease of the percentage of children with a weight for

length ratio below two standard deviations (SD) after dietary counseling (19).

1.3 Iodine

lodine is an essential trace element necessary for the production of thyroid hormones which play a
vital role in growth and the development of tissues. Their actions are initiated through nuclear
receptors which are found in most tissue. The thyroid hormones are involved in the regulation of
basal metabolic rate and in macronutrient metabolism, as well as several processes in the central

nervous system (CNS) (8).

lodine is widely but unevenly distributes in the earth’s environment. Most of the iodine is found in
the oceans. Seawater has a concentration of 50 ug/L. lodine ions in sea water are oxidized to
elemental iodine, which volatilizes into the atmosphere and is returned to the soil by rain. The iodine
cycling is, however, slow. Flooding and erosion depletes the surface soil of iodine and crops that
grow on these soils will be low in iodine, leading to deficiencies in humans and animals that feed on
these crops. lodine deficient soils are common in mountainous regions and areas of frequent

flooding (34).

1.3.1 lodine function:
lodine (1) is an essential trace element in humans. It is required for the production of thyroid

hormones; triiodothyronine (T3) and tetra-iodothyronine (T,), also called thyroxine, in the thyroid

gland (Figure 1).

HO .
o

Triiodothyronine (T5) Thyroxine (T,)

Figure 1 Chemical structure of the thyroid hormones (howMED 2011 (35)).
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The thyroid gland is dependent on regular and adequate supply of iodine through the diet in order to
produce these hormones. lodine is transported into the thyroid follicles where it is oxidized to
iodate. lodate binds to the tyrosine residues in thyroglobulin to form a mixture of mono and di
iodinate tyrosine which then coalesce to form T; and T, (36, 37) (Figure 2). The thyroid hormones are
formed within the follicular cells of the thyroid gland and are released into the systemic circulation in
response to thyroid stimulation hormone (TSH). T, is produced entirely by the thyroid gland, while
the majority of T; is derived from the de-iodination of T, in other tissues such as liver and kidney. T, is
receptor inactive and must be reduced to T; to evoke action signaled by thyroid hormone receptors
(38). Thyroid hormones are important for cell differentiation, growth and maturation. They also
affect the central nervous system (CNS) and maturation of glial cells, neuronal development and
migration of cells in the CNS. The hormones are important for the maintenance of optimum function
of particular neuronal systems throughout life. Thyroid hormones are also involved in regulation of

metabolic rate, energy production and oxygen consumption in cells, protein and enzyme synthesis,

thermoregulation, growth and sexual development (39).

Figure 2 Thyroid hormone production in the thyroid gland (howMED 2011 (35)).

1.3.2 Absorption and Metabolism:
lodine is ingested in several chemical forms, is reduced in the gut and absorbed as iodide. The

absorption of iodine takes place in the stomach and duodenum, and is greater than 90 % in adults.
The sodium-iodine symporter (NIS) is functionally expressed on the apical surface of enterocytes and

mediates active iodine accumulation. Organically bound iodine is typically digested and the released
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iodine absorbed, but some forms may be absorbed intact, for example thyroxin. Some iodine crosses
the mucosa by diffusion. lodine is cleared from the circulation by the thyroid and kidney. Renal
clearance is fairly constant. The iodine clearance of the thyroid gland on the other hand varies with
iodine intake and iodine status of the individual. The thyroid uptake is through its own NIS. If there is
adequate supply of iodine, the thyroid gland will only take up 10 % of the absorbed iodine. In cases of
chronic deficiency of iodine this fraction can exceed 80 % (34, 36). Figure 3 illustrates the function of
NIS in the thyroid gland. During lactation, the NIS in the mammary gland concentrates iodine and

secrets it into breast milk to provide iodine for the infant (34).

lodide ion Sodium ion

Na/l P Py

symporters lb

High estracellular Na+

Low intrscellular Na+
maintained by
sodium pumps

¥

Out of cell into colloid ~ Dut of cell via Na pumps

Thyroid follicle

Figure 3 Uptake of iodine in the thyroid gland (howMED 2011 (35))

Plasma iodine has a half-life of about 10 hours under normal circumstances. Approximately 90 % of
ingested iodine is excreted by the kidney in iodine sufficient subjects. If the intake is high then iodine
excreted will be high, if the intake is low then the excretion will be low. Furthermore, low excretion
of iodine can also be a sign of insufficient status, as the thyroid gland will absorb more iodine in
conditions of iodine deficiency (40). The excretion of iodine in the urine therefore depends on both
recent iodine intake and the iodine status of the individual and can vary considerably from day to

day.

1.3.3 lodine Deficiency:

Adequate thyroid hormone is needed for normal growth and neurological development of the brain.
The World health organization (WHO) considers iodine deficiency to be the single most important
preventable cause of brain damage worldwide. It is estimated that nearly one third of children
globally are at risk of iodine deficiency (41, 42). Historically iodine deficiency has been associated
with endemic goiter, thyroid failure and cretinism. However it is now recognized that iodine

deficiency encompass a spectrum of disorders (Table 2)(40).

Historically iodine deficiency was a problem in Norway, causing endemic goiter in the population,
especially those living in inland regions. Since the 1950’s, iodine supplementation of cow fodder has

been controlled by legislation and studies in the 1970s and 1980s showed satisfactory iodine status



in the Norwegian population (43, 44). Although iodine deficiency is often thought to be a problem of
the developing world, industrialized countries are also affected with 50 % of Europe remaining mildly
iodine deficient and iodine intakes falling in countries like the United States and Australia (34, 45,
46). In addition, even in countries that have achieved iodine sufficiency, the status of iodine nutrition
in pregnant and lactating woman may still be inadequate due to higher requirements during this
period of life. The iodine status in breastfed and weaning infants may be at risk for the same reasons
(47). Inadequate iodine status was recently reported in pregnant women in the United Kingdom and

in pregnant women in the Norwegian mother and child cohort study (MoBa) (46, 48).

lodine deficiency disrupts the metabolism of thyroid hormones. When dietary iodine intake is
inadequate, serum thyroid hormone levels initially fall. The pituitary gland senses low thyroid
hormone levels and increase TSH secretion. TSH, in turn, stimulates the growth of thyroid cells,
thyroidal iodine uptake and thyroid hormone synthesis. Enlargement of the thyroid, or goiter, in
response to iodine deficiency, may occur at any age. If iodine deficiency is severe enough, thyroid

hormone production will fall, resulting in hypothyroidism (40).

The level of T, decreases progressively with the severity of the deficiency in iodine. However, the
level of T; follows different patterns of changes. In mild to moderate iodine deficiency, some
adaption mechanisms such as increased iodine trapping, increased conversion of T, into T3, and
preferential synthesis of T; attempt to keep the concentration of T; in the normal range. Even in
severe iodine deficiency, the level of T;is still normal in many tissues. However, the brain and
pituitary gland T level appears to be very sensitive to iodine deficiency and falls below normal even

in mild and moderate iodine deficiency (8).

The consequence of iodine deficiency changes across the life span. In pregnant women, severe iodine
deficiency have been associated with adverse outcomes like spontaneous abortion, stillbirth,
congenital anomalies and infant mortality (34). Critically low levels of thyroid hormones associated
with severe iodine deficiency causes neurological damage to the brain, particularly during the fetal
and neonatal period, which can result in cretinism manifested by delayed motor and mental

development (8).

Meta-analysis have shown that intelligence quotient (1Q) levels of children living in severely iodine-
deficient areas are an average of 6-12 points lower than those living in iodine sufficient regions. The
effects of mild to moderate deficiency are less well characterized, however, recent studies have
shown that even mild maternal iodine deficiency in pregnancy may result in intellectual deficits (8,
49). Studies have found that children of mothers with mild iodine deficiency are more likely to have

verbal 1Q, reading accuracy and reading comprehension scores in the lowest quartile (46), and lower
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scores for spelling, grammar and literacy (50). Significantly higher IQ was found in children with
urinary iodine levels above 100 ug/L, with an increase in IQ with increasing urinary iodine content
(51). Even if the iodine deficiency in these studies were classified as mild, the consequences were far
from mild (51). lodine deficiency has also been associated with hearing impairment, and behavioral
and developmental disorders like attention deficit and hyperactivity disorders (ADHD) and autism

(52, 53).

Studies of the effect of iodine deficiency on growth in children have had mixed results. A recent
study demonstrated that iodine supplementation of iodine deficient children increased somatic
growth rates (34). The effects of iodine deficiency on growth are likely mediated both by direct
effects of thyroid hormone as well as by effects on secretion of growth hormone, insulin-like growth

factor (IGF) -1 and IGF binding protein 3, all of which are increased by thyroid hormone (40).

Table 2 The spectrum of iodine deficiency disorders

Stage in life Effects
Foetus Abortions
Stillbirths

Congenital anomalies
Increased perinatal mortality
Increased infant mortality
Neurological cretinism: mental deficiency, deaf mutism, spastic
diplegia, and squint
Myxedematous cretinism: mental deficiency and dwarfism
Psychomotor defects

Neonate Neonatal goitre
Neonatal hypothyroidism

Child and Adolescent  Goiter
Juvenile hypothyroidism
Impaired mental function
Retarded physical development

Adult Goiter with its complications
Hypothyroidism
Impaired mental function

Zimmermann 2009 (34)
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1.3.4 Methods of assessing iodine status:
There are several ways of assessing iodine status. Four methods are generally recommended: the

goiter rate (thyroid size), urinary iodine concentration (UIC), serum TSH and serum thyroglobulin
(Tg). Thyroid hormone concentration (T; and T,) are poor indicators of iodine status. In iodine
deficient population, serum T3 increases or remains unchanged, and serum T, usually decreases.

However these changes are often within the normal range (34).

1. Thyroid size:

The thyroid will increase in size in conditions of over and under nutrition of iodine. An increased
thyroid gland is referred to as goiter. Inspection of thyroid size can be done either by palpation or
thyroid ultrasonography. Palpation has poor sensitivity and specificity in areas of mild iodine
deficiency and the use of ultrasonography of the thyroid is then recommended. However,
interpretation of ultrasound is subjective and the technique can produce inter-observer errors in

thyroid volume of up to 26 % (34).

2. Urinary iodine concentration (UIC):

Because more than 90 % of dietary iodine eventually appears in the urine, UIC is an indicator of
recent iodine intake. Ul does not provide direct information of thyroid function though a low
value suggests a population at risk (34). Ul is expressed as concentration (ug/L), in relationship
with creatinine (Cr) excretion (ug I/g Cr) or as 24 hour excretion (ug/day). Most frequently the
median spot urinary iodine concentration (MUIC) is used to determine population iodine status
(40). This measurement cannot be used to determine an individual’s iodine status as there is
substantial day-to-day and diurnal variation in iodine intake. Hydration status will affect the
result a spot measurement, however variations in hydration among individuals generally even
out in a large number of samples and spot samples correlates well with 24 hour samples. Spot
urinary samples analysed for iodine content is the recommended method for assessing iodine
status in populations of infants and children if measured in a representative sample of the target
group (54). The sample size for assessing iodine status by spot UIC depends on how large the
day-to-day variation is. In a study on the number of spot samples needed in adult men to
determine iodine status in a group, 125 samples was necessary for 95 % confidence with a
precision range of £ 10 %. This was reduced to 100 if 24-hour urine was used. If the confidence
interval was reduced to 90 %, then 86 urine spots were needed for the same precision range
(55). Repeated spot samples in the same individual will reduce the effect of intra-individual
variation in estimation of MUIC, and probably reduces the number of subjects needed to assess

iodine status in a group (56). Alternatively age- and sex-adjusted iodine:creatinine ratio may be
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used. However, creatinine estimations may be unreliable from spot samples, especially in

malnourished subjects where creatinine concentration is low (57).

3. Thyroid stimulation hormone (TSH):

TSH is determined mainly by circulating levels of thyroid hormone, which in turn reflects iodine
intake. TSH could therefore be used as an indicator of iodine nutrition. However, although serum
TSH may be slightly elevated in iodine deficiency, the values often remain within the normal
range. TSH is therefore an insensitive indicator. This is especially true in older children and adults.

In newborns on the other hand, TSH is a sensitive indicator of iodine status (34).

4. Thyroglobulin (Tg):

Tg is a thyroid specific protein and precursor in the synthesis of thyroid hormones (58). When
there is sufficient iodine, small amounts of Tg are secreted into the circulation, and serum Tg is
normally < 10 ug/L. In iodine deficiency Tg in serum increases due to greater thyroid cell mass
and THS stimulation. In intervention studies in children, Tg falls rapidly with iodine repletion. Tg
is well correlated with the severity of iodine deficiency as measure by iodine in urine. In children
it has been shown that Tg is a sensitive indicator for low iodine intakes and for excessive intakes
of iodine (59). However, standardized assessment methods for assessment are not in place and

are currently being developed.

The WHO recommends using median urinary iodine concentration (MUIC) for assessing iodine status
in a population. In their latest recommendation, the WHO together with the International council for
control of iodine deficiency disorders (ICCIDD) and the United Nations Children’s Fund (UNICEF) pro-
posed that a median level of more than 100 p g/l urinary iodine should be considered as iodine

sufficiency of children under two years of age (Table 3) (54) .

Table 3 Urinary iodine cut off values for children < 2 years of age

UIC ug/L lodine status
<100 Insufficient
> 100 Adequate

Adapted from Zimmermann 2008 (57)
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1.3.5 lodine requirements:
lodine requirements vary with age and stages of life. In order to maintain normal thyroid hormone

production, most adolescents and adults need to ingest 150 ug of iodine per day (40). The daily
recommendation for children is lower, however the iodine need is higher per kg body weight. The
thyroid hormone turnover is highest during the first few months of life and during fetal life. The
requirements therefore increase during pregnancy and lactation, as the diet needs to ensure good

iodine status for both mother and offspring (40).

Recommendations on dietary iodine intake have been established by international expert groups
and by several national organizations or governments. The recommendations differ somewhat due

to differences in the end-points used to determine adequate intake (60).

The WHO/ICCIDD/UNICEF iodine recommendation for infants (Table 4) is based on the recognition
that positive iodine balance in young infants is achieved only when the iodine intake is at least 15
ug/kg/day in full-term infants and 30 ug/kg/day in per-term infants. This corresponds to
approximately 90 ug iodine per day, with the assumption of an average body weight of six kg at six

months (47)

Table 4 WHO/ICCIDD/UNICEF recommendation for iodine intake in different age groups

Age Total iodine intake in pg/day lodine ug/kg/day
0-11 months 90 15.0

1-6 years 90 6.0

7-12 years 120 4.0

Adults over 12 years) 150 2.0

Pregnant and lactating 200 3.5

Adapted from WHO,UNICEF,ICCIDD 2007 (61)

WHO = World Health Organization

UNICEF = United Nations Children’s Fund

ICCIDD = the International council for control of iodine deficiency disorders

The Norwegian recommendation for dietary intake of iodine is based on the Nordic Nutritional
recommendations of 2012 (NNR) and shown in table 5 (62). The recommendation for infants and
children are based on goiter prevalence and urinary excretion in European children (63) and on
extrapolations from adults based on energy and growth requirements. The NNR claims that in iodine
sufficient populations, breastmilk will cover the needs of infants during the first months of life. No

specific recommendation exists therefore for infants under the age of six months.
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Table 5 NNR recommendation for iodine intake in different age groups

Age Total iodine intake in pg/day
6-11 months 50

12-23 months 70

2-5 years 90

6-9 years 120

10-17 years 150

Women 150

Pregnancy 175

Lactation 200

Men 150

Adapted from NNR 2014 (62)
NNR = Nordic Nutritional Recommendation

Infant balance studies could be used to calculate the iodine need of the breastfed infant. Full term
infants fed 20 ug/kg/day of iodine were found to retain 7.3 ug/kg/day. In reference to a body weight
at six months of seven kilos, the daily iodine retention in a six month old infant in positive balance is

approximately 50 ug (34).

1.3.6 Dietary sources
The native iodine content of most foods and beverages is low. Foods of marine origin have higher

iodine content. Major sources vary from country to country and depend on the supplementation
policy of the region. Globally, iodization of salt has dramatically reduced goiter rates in many regions
(34, 40). Salt fortification has not been required to reduce goiter in all countries. lodine fortification
of cow fodder has resulted in a relatively high concentration of iodine in milk and dairy products,
which in turn has led to eradication of endemic goiter in some countries, like Norway, due to the
relative high consumption of these products (43, 62). The iodine content of the soil in Norway is very
low and for this reason cow fodder is supplemented with iodine that in turn makes dairy products an
excellent source of this nutrient. Norwegian fruits, vegetables, bread and meat are generally low in
iodine (64). National representative data on iodine content of food in Norway does not exist. The
Norwegian food composition table includes values for iodine, however, many of the food items does

not have known values of iodine and values are therefore missing from the table (65).

The main iodine sources in the Norwegian diet have been found to be milk and dairy products and
fish and fish products, contributing to 80 % of total iodine intake (43). The iodine content of lean fish
is more than double that of fatty fish. Other food groups provide only small amounts of iodine (Table

6). Eggs are high in iodine, however the consumption is low and hence the contribution is only
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marginal. The iodine contribution of drinking water is negligible (43). Approximately 64-71 % of total
iodine intake in Norwegian children comes from milk and dairy products, and 12-14 % from fish and
fish products. Milk, as a drink, contributes to almost 50 % of total iodine intake in children. The
contribution of iodized salt is expected to be low as regulations in Norway only permits the addition
of 5 ug iodine per g of sodium chloride (NaCl)(64), however industrial salt used in food production is
not supplemented with iodine (43, 66). It is recommended to reduce the intake of salt to 3 g per day
and hence iodized salt would at most provide 15 ug/day (43). Adding salt to infant foods is not

recommended (66).

There are a few studies published regarding the intake of iodine in different age groups in Norway.
Dahl et al found that iodine intake among four year old girls and boys of 98 and 101 ug/day
respectively, were above the recommended intake of 90 ug/day. Boys aged nine years had a mean
dietary intake of iodine of 121 ug/ day, which was at the same level as the recommendation,
however girls of the same age had lower intakes of 100 ug/day and hence did not reach the
recommendation of 120 ug/day. The mean iodine intake in girls and boys aged 13 years of 90 and
109 ug/day were below the recommendation set at 150 ug/day. The lower iodine intake in 13-year-
old girls was explained by a lower intake of milk (43). Brantseter et al found a median iodine intake of
141 ug/day without supplementation and 161 ug/dag with supplementation in pregnant women in
the MoBa study and hence these women did not reach the recommended intake of iodine of 175

ug/day (48).

The iodine sources of infants and young children are somewhat different from the rest of the
population. Most infants in Norway are fed enriched baby cereals, vegetable purees and fruit purees
as their first foods (67). The rate of breastfeeding is high with over 70 % of the infants being
breastfed at six months and 35 % at 12 months (68). The use of formula milk in the first few months
is generally low with 25 % of the children being introduced to formula before the age of three
months. Breastmilk iodine content and the content in baby cereals and formula milk affects the
iodine status of infants and young children (69-71). Fish is generally not introduced until after six
months of age, and the fish intake is low with 80 % of 12 month old Norwegian children consuming
fish at a mean intake of 13 g per day in a national dietary survey from 2006 (20, 67). The iodine

content of the diet of infants and children in Norway has not been assessed.
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Table 6 lodine content in Norwegian food

Mean lodine Content (ug/100g)

Lean fish 86
Fatty fish 40
Fish products 59
Fish as sandwich spread 33
Other fish products 12
Milk, all types 15
Yoghurt 8
Cream and cream products 11
Cheese, white 38
Cheese, whey 129
Eggs 45
Meat and meat products 2
Bread and cereals 3
Potatoes 2
Vegetables 2
Fruits and berries 2
Fats and oils 2
Water 0.2

Adapted from Dahl et al 2004 (43)

1.3.7 Groups atrisk for iodine deficiency
The importance of milk and fish in the Norwegian diet for sufficient iodine intake puts certain groups

of the population, such as people with allergy to milk or fish, vegetarians, especially vegans who do
not consume fish, milk and dairy products and others with a low consumption of milk and fish, at risk
of low intake of iodine (43). Infants could fall into this last category because cow’s milk as a drink or
in cooking is not recommended to children under the age of 10 months by the Norwegian
government (66) and fish intake is generally low in this population or could be withheld from the diet
because of fear of allergies. Plant foods, commonly introduced early in the weaning period, are poor
in iodine and the use of iodized salt during the first year of life is undesirable. Breastfed weaning
infants of mothers with low iodine intake could be at high risk of iodine deficiency if complementary

food enriched with iodine (e.g. enriched baby cereals) or infant formula are not provided.

1.3.8 Breast milk lodine content (BMIC):
The breastmilk content of several nutrients, such as vitamins A, D, B1, B2, B6, and B12, fatty acids,

and iodine are dependent on maternal diet (72). Adequate maternal iodine intake is particularly
important for the exclusively breastfed infant for whom breast milk is the sole source of iodine.

Expression of the sodium iodide symporter (NIS) is up-regulated in the lactating mammary gland
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which results in preferential uptake of iodide and iodine is concentrated into the breast milk at a
gradient of 20-50 % higher than in plasma through the NIS (73). BMIC of human milk varies widely
depending on maternal iodine intake and peaks six hours after maternal ingestion. Median breast
milk iodine concentrations are reported to range from 5.4 to 2170 ug/L (median 62 ug/L) in
worldwide studies (74). The exact cut-off for concentration of iodine in human milk has not been
specified; however, values above 75 pg/l of milk has be considered as an index of sufficient iodine
intake (75). Assuming an intake of 700-800 ml of breast milk per day in infants less than six months of
age, a BMIC of 75 ug/L would supply the infant of 52.5 to 60 ug of iodine per day. BMIC was found to
vary from 10-175 ug/L in studies from Europe (76). BMIC decreases during the first six months of
lactation in iodine deficient subjects (77) and have been found to correlate with the urinary iodine
content of the infant (71). In areas of insufficient iodine status, supplementation of the nursing
mother has proved to be more effective than direct supplementation of the infant in ensuring

adequate iodine status of the child (78).

1.3.9 lodine toxicity
Most individuals tolerate high dietary intakes of iodine remarkably well, however as with iodine

deficiency, iodine in excess can be harmful to the thyroid of infants and children and is associated
with an increase in thyroid disorders (79). High exposure to iodine leads to an inhibition of the
synthesis and release of thyroid hormone, through the so called the Wolff-Chaikoff effect. The Wolff-
Chaikoff effect is transient. The Wolff-Chaikof effect does not develop until week 36-40 of gestation
and premature infants are therefore vulnerable to the effects of iodine overload. Long-standing
moderate iodine deficiency is accompanied by an accelerated trapping of iodine and by a decrease in
the stores within the thyroid. lodine supplementation to subjects with endemic iodine deficiency
goiter can result in thyrotoxicosis in a small fraction of individuals at risk. Excessive iodine intake in

children in high iodine areas is associated with impaired thyroid function (80, 81) .

1.3.10 Iodine and CMPA
lodine in relation to CMP free diet has as far as we know never been studied. Little is therefore

known about the iodine status of the CMPA child. Several case studies have found goiter and signs of
goiter due to low iodine intake in children restricting cow’s milk protein and in some cases also fish
(82-85). Dairy products accounts for around 70 % of the iodine intake in young children (43) and the
iodine concentration in breast milk is dependent on maternal iodine intake. Table 7 shows the iodine
content in hypo allergenic formulas and cereals used by CMPA children in Norway. The amount of
iodine in infant formulas and weaning food are regulated by a Commission Directive which allows 35
ug/100 kcal ready to use product (86). Calculations show that 350-700 ml of formula must be

consumed to cover the recommended dietary intake of children six to 24 months of age. Enriched
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baby cereals are supplemented with iodine, however at the time of writing there is only one such
cereal without cow’s milk protein on the Norwegian marked. Some parents buy CMP free enriched
cereals from the Swedish marked where the selection is larger. Cereals that are not enriched with
vitamins and minerals and other weaning foods are generally low in iodine (69). Breastfed infants

with CMPA will be dependent on the iodine intake of their mothers who are also excluding cow’s

milk protein. The iodine nutrition of infants and young children with CMPA may therefore be at risk.

Table 7 lodine content of hypoallergenic formula milks and cow’s milk protein free baby

cereals

Extensively hydrolyzed formula (eHF)

Althera (Nestle Nutrition)
Nutramigen 1 (Mead Johnson)
Nutramigen 2 (Mead Johnson)
Pepticate (Nutricia)

Amino acid formula (AA)

Alfamino (Nestle)
Neocate LCP (Nutricia)
Puramino (Mead Johnson)

Formula > 1 year

Neocate Advanced/Active (Nutricia)

Non Enriched baby cereal
Holle (Dementer)

Enriched baby cereal

Sinlac (Nestle)
Enago (Enago AB)*
Semper (milk free) (Semper AB)*
Neocate Spoon (Nutricia)**

ug per 100 ml

10
14
12
12

11
13.8
10

0.2

10
20
20
15.3***

ug per 100 kcal

15
21
18
18

16
21
15

0.5

13
24
23
8.7

* available on the Swedish marked ** product for special medical purposes

***per portion of 60 ml water and 37 g powder
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2 Aim

The main aim of this thesis is to investigate iodine status and growth in a group of children on cow’s

milk protein free diet by;

Investigating iodine status at group level using urine spot samples.

e Investigating iodine intake by dietary record and food frequency questionnaire.

e Identifying dietary factors affecting iodine status.

e Assessing growth by weight for age z-scores (WAZ), length for age z-scores (LAZ) and BMI for
age z-scores (BMIZ).

e Identifying dietary factors affecting growth.

The main hypothesis of this study is that children on a cow’s milk protein free diet are at risk of

iodine deficiency and compromised growth.
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3 Subjects and methods

3.1 Overview

This thesis is part of the MILKID study, a cross sectional study on nutrient intake, growth and
nutritional status in children under two years of age following a cow’s milk protein (CMP) free diet.

The study was conducted in the period from February 2014 to May 2015.

The study is a collaborative project between the Department of Nutrition at the University of Oslo
(Ui0) and the Department of Paediatric Medicine, Women and Children's Division at Oslo University

Hospital (OUS).

All children following a CMP-free diet under two years of age were invited to the study. The
invitation was made in conjunction with either a planned visit to hospital or by phone, after referral

from hospital staff.

Diet and nutritional status were recorded after the child had followed a CMP-free diet for a minimum
of three weeks. Parents had been given dietary advice on a CMP-free diet from a dietitian. The
methods used in this thesis included:

e 3 day dietary record with household measure.

e Afood frequency questionnaire.

e A questionnaire on background data.

e  Anthropometric measurements.

e 2 urine spot samples

The parents completed the dietary record and questionnaires, and collected urine samples at home.
Anthropometric measurements including weight, length and head circumference were done at a

hospital outpatient clinic by hospital staff. An overview of the MILKID study is presented in figure 4.
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Children 0-2 years old
Cow's milk protein free diet > 3 weeks

Inclusion into the study

Receives study material

3 days food record

Questionnairs

g g g

2 urine samples

( Hospital visit:
Growth measurements
Blood sampling
L Handing in the material

Contacted regarding the results of the
blood samples

Treatment initiated if indicated

Figure 4 Overview of the MILKID study

3.2 Ethics

The study was approved by the Regional Committee for Medical and Health Research Ethics in
Norway (REC nr. 2013/1579), and by the Head of the Department and the Research committee at
OUS Women and Children's Division Department of Paediatric Medicine. Written consent was
obtained from both parents before the child was included in the study program, and additional
written consent was obtained from the breastfeeding mothers in order to collect data on the
mother’s diet. In accordance with good clinical practice each participant was randomly assigned an
ID-number and all data collected on a participant was marked with this ID-number. The key
connecting names and ID-numbers was kept in a locked compartment at the Department of
Paediatric Medicine, OUS, and not removed from the hospital at any time. All digital material was
stored on a designated research server in a folder only accessible by the study personnel. The

investigators contacted the family maximum once by phone if information was missing or the patient
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did not show up at the planned visit. The participation was voluntary and parents could withdraw

consent at any time during or after the study.

3.3 Subjects

Patients under the age of two years were invited to participate in the study. Parents were informed

either by a paediatric dietitian, doctor or research worker (master student).
The patients had to fit the following inclusion criteria to participate:

e Follow a cow’s milk protein free diet.
e Age under two years.

e Bornat term or no earlier than 37 weeks of gestation.

Patients fitting any of the following were excluded:
e Premature birth.
e Thyroid disease.
e Dependence of enteral- or parenteral nutrition.
e Use of medication that effect iodine status.
e Received iodine containing contrast the past 6 months.

e Suffering from other diagnosed illnesses affecting nutrient absorption or metabolism (e.g.
Cystic Fibrosis).

e Parents in need of an interpreter (excluded due to financial limitations of the study).

3.4 Methods

3.4.1 Dietary advice

The Milk school (Melkeskolen) is an information class held by the dietitians every third week for
patients who are diagnosed with cow’s milk protein allergy (CMPA) or who are undergoing a
diagnostic elimination of cow’s milk protein. The two hourly session aims to ensure safe exclusion
cow’s milk protein while maintaining nutritional adequacy. The parents and carers are taught how to

avoid cow’s milk proteins in the diet by reading food labels and information about milk-free
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substitutes and how to vary the diet to ensure nutritional adequacy is provided. Using hypoallergenic
formula as a formula or cow’s milk substitute and in the preparation of certain baby foods is
recommended. Recommendations regarding dietary supplements are given. Mothers who
breastfeed their CMPA child are required to follow a CMP free diet and are given advice on how to

maintain energy and nutrient intake in their own diet.

3.4.2 Nutritional assessment
Nutritional assessment is necessary to identify nutritional status. In this study anthropometric

measurement, dietary assessment and biochemistry were used to assess nutritional status.

Growth is the primary outcome measurement of nutritional status in children (87). The study
included anthropometric measurements of growth at birth and at the time of the study. In children
less than 36 months of age assessment of growth includes weight, length, and weight for length or

Body mass index (BMI) and head circumference.

Values for birth weight, length and head circumference were taken from the child’s health visitor

card, a record provided to all children born in Norway or from their hospital record.

Measurements at the time of inclusion were performed most of the time by one of the research
workers (Janne Kvammen (JK), Mari Eskerud (ME) and Rut Anne Thomassen (RAT)) and occasionally

by a paediatrician or paediatric nurse.

The children were weighed on a digital infant scale, Data Baby scale 930 (Oriola, Espoo, Finland), to
the nearest 0.005 kg. The child was without clothing or diaper. Weight was recorded lying down in
most children, only large children were weighed sitting upright on the scale if they were too long to

fit the scale lying down.

Recumbent length was measured without clothing using a length board with a fixed headpiece and a
moveable foot piece perpendicular to the surface of the board, to the last completed millimeter
(Figure 5). The length board stood on a flat stable surface. The parent laid the child flat with the head
against the headpiece, eyes looking straight up, and helped to hold the child’s head in place. The
observer stretched the knees and the footboard was brought against the heels with ankles at 90°.

Length was recorded to the nearest 0.1 cm.
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Measuring Length

Proper position for length:
Legs straight, head and feet flat against
board

Figure 5 lllustration of measurement of length (WHO (88))

For measuring head circumference a poly-fiber measuring tape (Hoechstmass, Germany), was placed
just above the glabella, the area between the eyebrows, and around the largest protuberance of the
head (Figure 6). The observer was positioned laterally to the child. The tape was firmly pulled to
compress hair and the head circumference was recorded to the nearest 0.1 cm. Three measurements

were performed and the mean was used (89).

Measuring Head Circumference

— T

i

.

Wl
1Ty

ot

Proper positioning of measuring tape:
Widest circumference, avoiding cars

Figure 6 lllustration of measurement of head circumference (WHO (88))

The anthropometric measurements were plotted using the Norwegian growth chart by Juliusson (89,
90) for weight for age, length for age, head circumference for age and weight for length. The
Norwegian growth data was chosen over WHOs growth charts as it is shown to be more accurate for
Norwegian children who are generally heavier, longer and have larger head circumference than the
WHO standard (90). Z-scores for weight for age (WAZ) and length for age (LAZ) based on the
Norwegian data were calculated with the hospital electronic growth charts (Vekstjournal), and z-
scores for weight for length and BMI for age (BMIZ) were calculated by Pétur Juliusson, Section for
Paediatrics, Department of Clinical Medicine, University of Bergen, Norway, based the same cross-

sectional sample (89).
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Percentiles and Z-scores are used to assess anthropometric measurements and to evaluate children’s
growth and nutritional status. Z-scores have several advantages over percentiles. Z-scores are
calculated based on the distribution of the reference population (mean and standard deviation) and
thus reflect the reference distribution. They are also comparable across ages, gender and
anthropometric measures. Z-scores can also be analyzed as a continuous variable in studies and they

guantify extreme growth status at both ends of the distribution (91).

The WHO classification of z-scores (Table 8) were used to identify under- and over-nutrition.

Table 8 WHO standards for malnutrition
Outcomes Anthropometric measures and  Indication of growth/nutrition
Infants and children (< 10 years)

Stunting LAZ<-2 Chronic malnutrition
Underweight WAZ < -2 Acute malnutrition
Wasting/thinness Weight for height <-2 z-score Acute malnutrition, current
or BMIZ < -2 malnutrition
Overweight Weight for height 2 2 z-score Overweight
or BMIZ > 2

WHO 2012 (92)
WHO = World Health Organization

Data on nutritional intake was collected using a 3-day food record with estimated portion sizes. Food
records have been found to provide the best estimate for young children of six months to four years
old. The number of days needed to get a valid estimate of macro- and micronutrients in children
younger than 24 months are between two to five days depending on the target nutrient (93, 94). The
parents in the MILKID study were instructed to describe as detailed as possible, using household
measures such as tablespoons, milliliters and weight, when known, all foods and beverages served to
the child and the amount the child ate. Product name and manufacturer were recorded for ready-
made meals. If the child used a hypoallergenic formula the parents were asked to record numbers of
scoops and amount of water used in preparing the formula. The time of day was also recorded.

Recipes of home cooked meals were provided.

The data on diet and nutritional supplements was entered into a Norwegian food and nutrient
database, “Kostholdsplanleggeren” (95), launched by the Norwegian Food Safety Authority and the

Norwegian Health authorities in 2014, and based on the Norwegian Food Composition Table (FCT)
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(96). The Norwegian FCT provides information on the content of energy and 36 different nutrients of
1469 of the most commonly consumed foods in Norway. Details on foods not included in the

database were provided by the manufactures and entered into the program by the research workers.
When data on a product was missing, data for a similar product was used and corrections were made

to fit the missing product.

Data on iodine content in food is not complete in the Norwegian FCT. The calculation of iodine
content of foods that did not have a value for iodine in the FCT was done manually by the

investigator using the mean values for different foods published by Dahl et al (table 6) (43).

If the child was breast fed each breastfeeding was recorded along with how long the feeding lasted.
Breastmilk was not entered into the food and nutrient data base as we had not standardized how

much breastmilk children consumed in a certain amount of time.

Two spot samples of urine, each minimum 5 ml, were collected during the study period, preferably
on a day when the child’s diet was recorded. The parents were instructed to take the samples on two
separate days, avoid the first morning urine, and record the date and time of the sample. Two

methods for urine collections were used:

e Urine collection pad (Euron Newcastle Uricol collector, United Kingdom). The method
involves a Steriset with two urine collection pads, one 5 ml syringe and a urine specimen
container. The urine sample is collected on the pads, which are laid in the child’s nappy.
Urine is then extracted from the pad using the 5 ml syringe and then transferred into the
specimen bottle. The parents are instructed to check the child’s nappy every ten minutes and
to discard the pad if has been soiled by faeces. This method has been validated in infants

(97).

e Urine sample collection bag (U-bag single specimen style, sterile, newborn, Briggs
Healthcare, Waukegan, USA). The method uses a collection bag with adhesives on one end
that is fixed over the baby's genital area. The area around the urethra is washed before fixing
the bag. The parents then check the bag regularly for urine. The bag is emptied into the

specimen bottle.

The parents were given equipment for both methods and were free to choose what method they

used as some had problems when using the pad, others with the collection bag.

27



Urine samples were handed to the investigators at the follow up visit at the hospital, a few were sent
by postal service. As iodine in urine is fairly stable, keeping the sample at room temperature will not
affect the iodine content as long as the container is airtight. The specimen was then frozen to -18

degrees before sent to the lab for quantification of iodine.

The urine samples were analyzed by the Hormone Laboratory at Aker, OUS (Hormonlaboratoriet)
using a colorimetric method based on Spectrometry with the Sandell-Kolthoff reaction after
oxidation of interfering substances with ammonium-sulfate. Colorimetric measurements of the
Sandell-Kolthoff reaction are performed with a Spectrophotometer, analyzing the catalytic effect of

iodine on reduction and oxidation between arsenic and cerium.

Sandell-Kolthoff reaction:
As*t +1, - As”T+2r

2Ce™ +2I — 2Ce* +1,
3+ _ . . _ . 4+ _ .. 3+ _ .
(As® = arsenious acid, I, = lodine, Ce™ = Ceric ion, Ce”™ = Cerous ion)

The yellow colored ceric ion (Ce*") is reduced to colorless cerous ion (Ce**) by iodine ion (I). The time
taken for the color disappearance is inversely proportional to the amount of iodine catalyzing it. The
more iodine in the solution (here urine) the faster the colour disappearance i.e. the absorbance of
the solution gives a measure of the iodine concentration. lodine concentrations are determined from

standard curve of absorbance versus iodine concentration (98, 99).
The lab uses microtiter plates in the process.
lodine content is expressed as umol/L:

Lowest iodine value quantified by the laboratory: 0.2 umol/L =25.4ug/L

Values lower than 0.2 umol were expressed as: <0.2 umol/L

lodine has a molar weight of 127 g/mol.

The participants were asked to fill in two questionnaires. The first questionnaire, “Spgrreskjema om
bakgrunnsinformasjon” (appendix 1), had 14 question and sought to collect information on the
diagnosis of CMPA, symptoms, other diseases and parental characteristics. If the child was breastfed
there were questions regarding the breastfeeding mother’s intake of dairy products and dietary

supplements.
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The second questionnaire, “Spgrreskjema om Kosthold” (appendix 2), was a semi-quantitative food
frequency questionnaire with 26 questions. Information about breastfeeding (past and present), the
use of hypoallergenic formula, time of introduction to solids, feeding development and difficulties,
inclusion of plant milk, common baby foods and iodine rich food sources in the child’s diet was

collected.

Both questionnaires were designed uniquely for this study by two of the investigators (JK, RAT) and
have not been validated. Other investigators who had studied the diet of the same age group as in
this study by FFQ’s were contacted in a search for already validated tools. However, due to the
dietary restrictions and usage of CMP-free specialized products no food frequency questionnaire was

identified to suit this group of cow’s milk allergic children.

3.4.3 Statistics
Statistical analysis was performed using IBM SPSS Statistics for Windows, version 22 (Armonk, New

York). Normality was tested using Shapiro-Wiik test and normal Q-Q plots. Continuous variables are
presented as means with standard deviation (SD) if normally distributed or medians with a minimum
and maximum value range if not normally distributed, except for nutritional data which are
presented as medians with interquartile range (25"- 75" percentile). Categorical values are

presented as frequencies.

For non-normally distributed variables, groups were compared using the Mann-Whitney U test if
there were two groups and the Kruskal Wallis test, if there were more than two groups, and the
independent sample t-test was used for normally distributed variables. The Spearman rho
correlations coefficient was used to assess the relationship between continuous variables. For
categorical values the Chi square or Fisher’s test was used. The paired sample t-test was used to look
at changes in continuous variables over time and the one sided t-test was used to compare the

distribution of variables with the normal or expected distribution.
The level of significance for all statistical tests was 2-sided and significance level was set to 0.05.

We devided our study population into three groups according to feeding pattern at the time of the
study. The three groups were; mainly breastfed (BF), partially BF and weaned. The breastfed
children were devided into the two groups to destinguish between the children that were mainly
receiving their energy and nutrient intake from breastmilk and those that were more reliant on
complementary foods. The mainly breastfed children were defined as those receiving less than 50 %
of their estimated energy requirement from food. We used the WHO/Food and Agriculutral

organization of the United Nations (FAO) recommendation for energy regirement for breastfed
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children as reference value (100). WHO/FAO recommends approximately 80 kcal/kg/day for
breastfed children under the age 12 months. Children receiving less than 40 kcal/kg/day from food
and drinks other than breast milk, calculated from the food record, were classified as mainly

breastfed.

The main endpoint for calculating sample size of this study was urinary iodine concentration. A

standard deviation in UIC of 34 ug/L in was expected for this group of children. Using a confidence

interval of 80 % and 5 % margin of error, 46 individuals with two spot urine samples, that is 92 spot

samples, were needed to detect a difference of 20 ug/L between our group and the cut off level for

insufficiency of 100 ug/L. 10 % was added to allow for dropouts from the study. In summary a sample

size of 50 children was needed.
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4 Results

4.1 Recruitment

In the period of January 2014 to May 2015, parents of 101 infants and children were approached and
asked to participate in the study. 19 patients proved not to be eligible because they did not fit the
inclusion criteria, five were premature, nine were no longer on a CMP free diet, one had received
parenteral nutrition within the last four weeks, three had underlying diseases affecting absorption of
nutrients and metabolism, and one was in need of interpreter. Of the 82 remaining patient, 19 (23%)
did not want to participate, leaving 63 (77 %) infants and children for inclusion. Six of these patients
dropped out before information had been collected, leaving 57 (70 %) patients in the study group. Six
patients did not complete the urine samples. By May 2015, urine samples from 51 (62 %) patients

had been collected (Figure 7).

101 patients informed

82 eligible for the study 19 not eligible

63 agreed to attend 19 not attending
(77 %) (23 %)

6 lost to drop-out
(7 %)

57 included (70 %) 6 with urine samples not

completed (7 %)

Bl 51 completed study with
urin sample (62 %)

Figure 7 Recruitment of patients
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4.2 Subject characteristics, symptoms and nutritional
intake

4.2.1 Subject characteristics in the MILKID study
Subject demographic characteristics in the MILKID study are presented in Table 9. The study

population consisted of 54 % boys and 46 % girls with a median age of nine months. 61 % were in the
6-11 months age range. Mean birth weight, length and head circumference were 3387 g, 50.6 cm and
34.9 cm, respectively. Mean LAZ at birth were close to zero indicating normal growth in utero. Mean
WAZ and mean z-scores for head circumference at birth were both slightly lower than the normal
population. Mean weight, length and head circumference at inclusion was 8699 g, 72.7 cm and 45.3
cm, respectively. Mean WAZ, LAZ, BMIZ and z-score for weight for length at inclusion were all below
zero while mean z-score for head circumference was close to zero indicating normal growth. Median
age of the mothers was 33 years, 84 % were of Scandinavian origin, 89 % had higher education and

none were smokers.
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Table 9 Subject characteristics

Characteristics n Mean/median SD/Range %
Child

Age, months (median) 57 9 2-23

0-5 months 12.3
6-11 months 61.4
12-23 months 26.3
Gender 57

Boys 54
Girls 46
Anthropometry (mean)

At birth:

Birth weight, kg 55 3387 473

Birth length, cm 47 50.6 2.09

Birth head circumference, cm 24 34.9 1.26

WAZ 55 -0.54 0.92

LAZ 47 0.07 0.95

z-score birth head circumference, cm 24 -0.30 0.99

At inclusion:

Weight, kg 57 8699 1718

Length, cm 57 72.7 6.6

Head circumference, cm 55 45.3 2.2

WAZ 57 -0.41 0.99

LAZ 57 -0.39 0.93

BMIZ 57 -0.53 1.16

z-score w/I 57 -0.48 1.14

z-score head circumference 55 0.08 0.97

Parents

Mother's age (median) 55 33 23-42

Mother's ethnicity 55

Scandinavian 84
European 7
Non-European 9
Mother's education level 55

12 years of school 11
<4 years of college/university 47
>4 years of college/university 42
Smoking 55 0

Range = minimum-maximum for median values.

SD = Standard deviations for mean values.

WAZ = z-score weight for age, LAZ = z-score length for age, BMIZ = z-score BMI for age
w/| = weight for length, BMI = body mass index
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The patients had followed a CMF diet for a median of 17 weeks before inclusion. The median number
of weeks from diagnosis to dietary counselling was 13, though there was a large rage from 0-52

weeks (Table 10).

Table 10 Number of weeks on cow’s milk free diet and time from diagnosis to dietary
counselling

Median Range
Number of weeks on diet (n=48) 17 4-84

Number of weeks from diagnosis to dietary counseling (n=47) 13 0-52

Range = minimum-maximum value

4.2.2 Symptoms, foods avoided and feeding difficulties in the MILKID study

Table 11 gives an overview of parent reported symptoms of CMPA in their child. Symptoms from the
gastro intestinal (Gl) tract were most common with colic and reflux reported in 74 % and 67 % of the
subjects. Around half of the children had loose stools. Eczema was reported in 46 % of the children
and sleep disturbance in 50 %. Growth faltering was a concern in 40 % of the cases. Median number
of symptoms per patient was four, with 46 % of the parents reporting more than four symptoms of
CMPA in their children (46 %). More than one organ system was involved in the allergic reaction to

milk in 84 % of the children, most commonly two (46 %) and three (33 %) organ systems.
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Table 11 Prevalence of symptoms of CMPA, organ system involved, distribution
number of symptoms and distribution of number of organ systems involved in the
MILKID study (n=55)

Organ system n %
Gl:

Colic 39 71
Reflux 37 67
Loose stools 29 53
Bloody stools 24 44
Obstipation 14 26
Skin:

Eczema 25 46
Respiratory:

Anaphylaxis

Otitis Media 3 6
General and Subjective symptoms:

Sleep disturbance 26 47
Growth faltering 21 38
Food refusal 18 35
Number of symptoms:

Median number 4

1-3 symptoms 18 33
4 symptoms 14 25
5-8 symptoms 23 42
Number of organ systems involved

1 9 16
2 27 49
3 18 33
4 1 2

Gl = Gastro intestinal



Most children had one or more symptoms from the Gl tract, with or without symptoms from other
organ systems. Only one child did not report Gl symptoms, 10 % had one, 33 % had two, 35 % had
three symptoms, 16 % had four and two percent had five symptoms from the Gl tract. Median

number of symptoms from the Gl tract was three (Table 12).

Table 12 Distribution of number of symptoms from the Gl tract in
the MILKID study (n=55)

Number of symptoms from the Gl tract % of the group
2

11

33

35

16

2

v Ao W N B O

Gl = Gastro intestinal

The effect on symptom improvement of the CMP-free diet is illustrated in figure 8. In 89 % patients
the diet gave improved symptoms, either partially (45.5 %) or fully (43.5 %). In two percent of the
participants there was no improvement in symptoms and in nine percent the it was unclear if the

diet improved symptoms.
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Degree of symptom improvement

Figure 8 Effect of Cow’s milk free diet on improvement of symptoms in the MILKID study (n=55)
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The parents were asked to report which foods they excluded from their child’s diet. Frequencies of
number of foods avoided are shown in table 13. Median number of foods avoided including CMP was
three. Excluding more than one potential allergen in addition to CMP was common. Excluding only
CMP only was reported in 28 % of children. 19 % of children excluded two foods and 53 % excluded

three or more foods in the diet.

Table 13 Distribution of number of foods avoided in the MILKID
study (n=54)

Number of foods avoided %
28
2 19
3 9
4 22
5 11
6
7
8

The most frequent food avoided along with CMP was nuts (65 %) followed by eggs (39 %) and soy (37
%), citrus fruit, fish and legumes (22 %) . Only four percent of the children avoided gluten (Figure 9).

100

% 50

Food avoided

Figure 9 Distribution of foods avoided in the MILKID study group (n=54)
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Feeding difficulties were assesed by a questionnaire of the most common feeding problems in this
age group (Figure 10). The prevalence of feeding difficulties was high with 70 % of parents reporting
one or more problems. Poor appetite was reported in 33 % of children, gaging og swallowing
problems in 19 %, other food allergies by 17 % and problems with breast- og bottlefeeding by 15 %.
13 % of the parents reported weaning difficulties and 11 % perceived their child as a selective eater.
39 % of the parents reported problems not listed in the questionaire. 50 % of the parents reported

more than one feedingproblem in their child (not shown).
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Figure 10 Prevalence of feeding problems in the MILKID study (n=54)

4.2.3 Breastfeeding status and feeding method
Table 14 gives an overview of breastfeeding status and time of introduction of food and drink. 58 %

were breastfed while 42 % patients were not receiving breast milk at inclusion. Only two percent of
the children had never been breastfed. Median age of introduction of other fluids and age of
weaning onto complementary foods were both four months, with complementary food introduced

no later than seven months.
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Table 14 Breastfeeding status and age of introduction of food and drink in the MILKID
study (n=55)

% Median Range

Breastfed 58

Weaned of breast milk 42

Never breastfed 2

Exclusively breastfed from birth 81

Age of introduction of fluids other than breast milk, months 4 0-10
Age of introduction of solid food, months 4 3-7

Range = minimum-maximum value

Figure 11 illustrates different feeding patterns in the study group. Two percent of the children were
exclusively breastfed and two percent received a combination of breast milk and hypoallergenic
formula. 25 % were fed breastmilk, formula milk and complementary foods. 29 % were breastfed and
complementary fed but received no formula milk. 38 % of the children were given complementary

foods together with hypoallergenic formula and four percent were complementary fed only.
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Figure 11 Distribution of feeding method in the MILKID study (n=55)
BF = breastfed, HF = hypoallergenic formula, CF = complementary feeding
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Number of breastfeeding per day in the breastfed children is shown in figure 12. One child was
breastfed more than 11 times per day. Median breastfeeding frequency was 3-5 times per day. Six
percent of the breastfed children received breast milk 1-2 times per day, 53 % 3-5 times per day, 28

% 6-8 times per day and nine percent 9-11 times per day.
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Figure 12 Distribution of number of breastfeeding per day in the MILKID study (n=32)

The children were divided into three different groups according feeding pattern. As table 15 shows,
24 % of the children were mainly breastfed, 33 % partially breastfed and 43 % were weaned and
received no breast milk. There were differences in median age of the children between the three
groups with the mainly breastfed children being significantly younger than the children in the two
other feeding groups. There were small differences in gender in the different groups, however, these

were not significant.

Table 15 Frequency, age and gender according to feeding pattern in the
MILKID study (n=55)

Mainly BF Partially BF Weaned P-value

(n=13) (n=18) (n=23)
% of the study group 24 33 43
Median age, months 7 10 110 0.02*
Boys, % 46 61 52 ns

*Significant using Kruskal-Wallis Test
BF = breastfed
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The distribution of number of breastfeedings in the two breastfed groups is shown in figure 13.

Median breastfeeding frequency in the mainly breastfed group was 6-8 times pr day, while the

partial breastfed children had a median of 3-5 times pr day. The difference was significant at the

0.001 level using Mann-Whitney U-test between the two groups.
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Figure 13 Distribution of number of breastfeeding per day according to feeding group in the MILKID

study (n=32)
BF = Breastfed
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4.2.4 Dietary intake
The prevalence of users of common weaning foods of the study population is shown in figure 14.

Almost all children ate fruit (93 %) and vegetables were also commonly included in the diet (85 %). 70
% ate red meat and 69 % used a hypo allergenic formula. Bread and other cereals were eaten by 65
% and 61 % percent respectively. Enriched baby cereals were eaten by 56 %, fish by 44 %, poultry