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Preface

Autumn of 2018 I contacted Anne-Sofie Furberg after reading about Fit Futures 1 and Fit
Futures 2, a study and an expansion of the Tromseg Study where Anne-Sofie were the project
manager. With a curiosity for lifestyle, chronic diseases and the correlation between these |
promptly asked for the opportunity to base my master thesis on this project. In cooperation
with Anne-Sofie we developed several different topic questions, where one topic question in
the early days stood out amongst the others with its relevancy. Upon deciding on this topic for
the master thesis we contacted Martin Serensen, a chief attending physician and specialist in
general medicine, paediatric diseases and allergology, who has been a great support as a co-

supervisor along with Anne-Sofie.

Food hypersensitivity is an arising topic, which the public and the press demonstrate an
increased interest in. Despite being a common condition in the public, there are limited
quality data concerning the burden of this disease. Hopefully more quality studies will be
conducted in the following decades as an effect of the increased awareness in the public and
the press. It has been especially interesting having adolescents as the study population, as
there is a predominant focus on children in the existing studies — especially regarding the

consequences of exclusion diets.

I want to thank my supervisor Anne-Sofie for letting my thesis be a part of this grand study,
and for always encouraging and supporting me throughout this process. I also want to say my
gratefulness to Martin Serensen, who have been a great resource and guidance with his
expertise in food hypersensitivity. A big thank you to Dina Berg Stensen, who have always
been available at short notice, and have helped me tremendously with all statistics and SPSS -

giving the most helpful and describing answers one could ask for.

Tromse, 13.07.20

Vilde Dragland
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Abstract

Background: Food hypersensitivity is recognized as a rather common condition, that can
occur at any age. There is limited high-quality data on the burden of this condition, especially
after child age. The aim of this thesis has been to explore whether levels of biomarkers in
blood differ between adolescents with self-reported hypersensitivity against certain food and

the control group in a general youth population.

Method: This project is based on data from the Tromse Study Fit Futures 2. The study
population includes 376 females and 307 males (age 17-21) in upper secondary school from
the neighbouring municipalities Tromse and Balsfjord, North Norway. Data on self-
hypersensitivity against foods was assessed by a web-based questionnaire and levels of Hb,

Fe, Ferritin, Calcium and Vitamin D were measured.

Results: There was a statistically significant difference between mean Hb-levels in
participants with any kind of food reaction (p < 0.05), and food reactions to wheat (p <
0.001), nuts (p < 0.05) and peanuts (p < 0.001) compared to participants with no food
reactions; the subjects with food reactions having a lower mean value. Amongst adolescents
with a reported food reaction to wheat, there were also a statistically significant lower level of
Ferritin and Calcium values (all p < 0.05). Aside from these there were no significant
differences in mean/median biomarker values for Hb, Fe, Ferritin, Calcium or Vitamin D
when comparing subjects with and without self-reported food reactions. Self-reported reaction
to wheat was also associated with having Calcium levels below reference level (p < 0.05).
Except for this, there were no associations between having a food reaction and having

biomarker levels below reference levels or in the lower quartile.

Conclusion: This study suggests that there is a slight difference in biomarker levels when
comparing a youth population with self-reported food reactions to a control group, especially
in subjects reporting wheat hypersensitivity. More detailed research is needed on this subject
to conclude with how and to which extent this affects the nutritional status of these

adolescents.
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1 Introduction

Food hypersensitivity is an “umbrella” term for any adverse and abnormal reaction after
exposure to a given food. One broadly differentiates between allergic and non-allergic food

hypersensitivity, also referred to as food allergy and food intolerance (1, 2).

The estimated prevalence of food hypersensitivity remains uncertain, as epidemiologic data
are largely lacking and inconsistent (3). There are no uniform criteria for diagnosing food
hypersensitivity (4), resulting in a great diversity of study methodology, structures and
interpretations of the diagnostic criteria, complicating the assessment of the true prevalence
(2). It is generally assumed that prevalence based on questionnaires and self-reporting are
immensely overestimating the true prevalence of food hypersensitivity (5). However, it is

generally recognized that perceived adverse reactions to one or more foods are common (3).

The current main treatment for food hypersensitivity is avoidance of the allergen causing the
adverse reactions (5). In recognizing perceived food hypersensitivity as a common condition,
one can conclude that a vast portion of the population totally or partially exclude one or more
food from their diet. Whether these measures influence the nutritional status of these
individuals, and if so to which degree, have not been thoroughly investigated in all age
groups. As these preventive actions against food reactions are increasingly prevalent, this

trend may have an effect on the nutritional state and health of the general population.

The aim of this study is to investigate whether there is an association between self-reported
hypersensitivity and levels of biomarkers in an adolescent population. Our specific hypothesis
is that levels of biomarkers in blood differ in adolescents with self-reported hypersensitivity
compared to their peers. The analysis in this study is based on the Tromse Study Fit Futures 2

(TFF2).

Background

1.1 Definitions of food allergy and food intolerance
As mentioned, food hypersensitivity is defined as any adverse reaction after exposure to a
given food in a dose normally tolerated, and is categorized into food allergy and food

intolerance; the latter group often referred to as non-allergic food hypersensitivity (1, 2, 5).



The two categories are separated by key pathophysiological differences, as well as variation

in clinical presentation and severity (3).

Food allergy is defined as an adverse immune response that arises reproducibly when the
individual is exposed to a specific food allergen (2, 6). Allergies are broadly divided into IgE-
mediated and non-IgE-mediated allergies, of which the IgE-mediated can be detected by skin
prick test or by measuring serum IgE (2). A food allergen is as a component in food (typically
a protein) that allergen-specific immune cells recognize and react against, causing the adverse
immune response. The most common food allergens stem from cow’s milk, eggs, peanuts,
tree nuts, wheat, soy, fish and shellfish, and the symptoms of exposure can manifest itself in
many different organs and vary from an innocent itch or urticaria to anaphylactic shock and
death (2, 3, 6). Measures recommended to avoid severe outcomes of allergic reactions include
absolute exclusion of the given food causing the allergy, and having emergency adrenaline
treatment available in case of exposure to allergen; the former is recognized as the current
main treatment for food allergy. A few patients are offered immunotherapy, with the goal of

developing tolerance through gradually, controlled exposure for the specific allergen (3, 5).

Food intolerance is defined as a non-immunological adverse reaction after exposure to a
given food in a dose normally tolerated (2, 6). Intolerances are associated with less severe
symptoms compared to allergic reactions, and there is a greater variety in clinical
presentation. Due to this, and the fact that there is also a great diversity of mechanisms behind
the adverse reactions, food intolerances are complicated to both understand and diagnose.
Many of the mechanisms behind certain food intolerances are currently not adequately
described to fully understand (3). Common for both food allergies and food intolerances are
that the symptoms are reproducible by exposure to the given food, and the only “cure” is to

avoid the food responsible for the adverse reactions (2, 5).

1.2 Prevalence of food hypersensitivity

Epidemiologic data on food allergies and food intolerances are as mentioned lacking, and the
true prevalence of these have not been established due to several complicating factors (3).
Misclassification, inconsistency, lack of simple diagnostic tests, biased participation and no

standardization of criteria are just a few of the described complicating factors (7, 8).

There have been conducted community-based studies in the UK (9), Holland (10), USA (11),

Sweden (12) and Australia (13), exploring the frequency of perceived adverse reactions to



food. The prevalence of food hypersensitivity reported in the respective studies are 20%,
12%, 16%, 25% and 17% (9-13). A German systematic review from more recent times (2016)
estimated the prevalence of self-reported food hypersensitivity in Europe to range from 5.7%
to 61.6%. The same review also reports that physician-diagnosed hypersensitivity has an
estimated prevalence ranging between 0.2-4.2%, and double-blind proven immediate-
reactions an estimated prevalence ranging between 0.0-2.2% (14). Several other studies report
similar statistics; with a broad range estimate and a notable variation between self-reported,
physician-diagnosed, and confirmed cases through oral food challenges (5). What causes this

obvious gap between perceived and true prevalence remains indecipherable (15).

Prevalence of food allergy

The gold standard of diagnosing food allergy as well as food intolerance is double-blind
placebo-controlled oral food challenges; which most epidemiological studies on food
hypersensitivity do not practice (8). Therefore, the true prevalence of food allergies overall, as
well as IgE-mediated and non-IgE-mediated allergies individually, remain ambiguous and
vary greatly between different studies (3). Food allergy is however generally acknowledged
as less common, and estimates suggest it has a lower community prevalence than food
intolerance (1, 15). In some countries, it is estimated that the true prevalence of IgE-mediated
food allergies may be as high as 4-7% in preschool children, and closer to 1-2% in the adult
population. There is a clear reduction in prevalence with age, due to the fact that a high
percentage of children with allergy will develop a tolerance against the given allergen as they
grow older. This is especially true with allergies against cow’s milk and egg, while less likely

to happen in children with nut allergy (3).

Prevalence of food intolerance

Food intolerance is estimated to be as prevalent as 20% in a general population, however
there are several limitations related to these estimates (1). As mentioned, food intolerances
have a greater variety in mechanisms causing the adverse reactions, and there exists a notable
shortage of knowledge about these mechanisms. As a result of this there is also a lack of
precise and accurate diagnostic tests available for food intolerances, which makes it a

challenge to assess whether a self-reported food intolerance represents a true food intolerance

(1, 3).



Increase in prevalence

Several studies indicate that there might be a true rise in prevalence of food allergies the last
10-20 years. It is however a challenge in assessing change in incidence and prevalence of
food allergy over time, due to inconsistency in both study design and definitions of food
allergy (2, 8, 16). An increase in prevalence may be affected by other variations over time,
such as an increase in research funding, increased interest and awareness by the press and
public and different diagnostic tools. It remains uncertain how much of the measured increase

in prevalence that actually represents a true increase (7, 16).

Another factor in the apparent increase in prevalence, is that studies with self-reporting are
prone to overestimation (3). In an older household survey from the United Kingdom 1 of 5 in
the study population reported that they had experienced adverse reactions to >1 food products.
Double-blind placebo-controlled food challenges where performed in the study population,
which concluded with a prevalence of 2% having proven true adverse reactions to food (9).
Similar studies have been conducted in Germany, acknowledging further that the percentage
of self-reported food reactions are higher than the true adverse reactions identified by food
challenges in the same population (17). A more recent Swedish study revealed that 4.8% of
children at age 12 reported food allergies against milk, egg, cod and/or wheat; 1.4% of these
where diagnosed with food allergy after clinical evaluation, and 0.6% had a proven food

allergy after double-blind placebo-controlled food challenges (18).

In summary, there are many compelling studies that suggest increasing prevalence of food
allergies, however solid evidences are lacking (7, 8, 16). One can however note that there is a
high percentage in the population with self-reported hypersensitivity against one or more food
products (9-13), and based on this, one can assume it is likely that a high percentage of the

population partially or totally exclude one or more food from their diet as well.

1.3 Milk allergy and milk intolerance

Cow’s milk allergy (CMA) and cow’s milk intolerance are different diagnosis; CMA is
defined as having an adverse immune response triggered by cow’s milk protein, and milk
intolerance (also known as lactose intolerance) is defined as a non-allergic adverse reaction

caused by deficiency of the enzyme lactase (19-21).



CMA has a prevalence ranging between 2-5% in infants and young children, and is
acknowledged as the most common food allergy in children/infants < 3 years — having a peak
in prevalence in the first year of life (19, 20, 22). Primary lactose intolerance on the other
hand, is more prevalent after childhood (> 5 years), due to a decline in lactase expression —
with approximately 70% of the world population suffering from so-called lactase non-
persistence (LNP) (23, 24). The peak onset of lactase non-persistence occurring in teenagers
and young adults (21). Lactose intolerance in children < 5 years are mainly transient, and one
differs between secondary lactose intolerance (due to underlying gut conditions such as
gastroenteritis or Crohn’s), developmental lactase deficiency in premature infants (usually a
transient lactose intolerance, due to maturational delay) and congenital lactase deficiency (21,
24-26). The latter is an autosomal recessive disorder known as alactasia, which is a rare and

severe condition where lactase activity is completely absent or very low (21, 27).

The clinical presentation of CMA most frequently involves the skin and GI tract, but may also
involve the respiratory tract. GI symptoms are often nonspecific and variable, and include oral
and perioral swelling, dysphagia, early satiety, nausea, vomiting, dyspepsia, diarrhoea to
weight loss, constipation, abdominal pain, and rectal bleeding (19, 20). When it comes to
lactose intolerance the clinical presentation varies between infants and older
children/teenagers/young adults; diarrhoea being more common in infants, and symptoms
such as abdominal pain, bloating, abdominal distension, flatulence and low-grade diarrhoea

being more common in older children/teenagers/young adults (21).

1.4 Egg allergy

Egg allergy is acknowledged as the second most common allergy in young children and
infants, after milk protein allergy, affecting 0.5-2.5% of young children (28, 29). The hen egg
white contains most of the known allergenic proteins, and the most allergenic protein
(ovomucoid) is resistant to heat and digestive enzyme degeneration (30, 31). Due to this there
is a great variation in clinical presentation, where most egg-allergic individuals are only
allergic to raw or partially cooked egg, while the minority are allergic to all forms of egg
(raw, cooked and baked) (32). Typical symptoms of egg allergy after exposure to egg include
urticaria, itching, vomiting and angioedema, and it is reported for triggering 7-12% of
paediatric anaphylactic cases (29, 33). Egg allergy has a good prognosis, with the majority of

children developing tolerance over time (34).



1.5 Gluten-related disorders

The spectrum of hypersensitivity to gluten includes wheat allergy, celiac disease and non-
celiac gluten sensitivity (NCGS) (35). As far as we know there are no studies showing the
overall prevalence of gluten-related disorders, and both the prevalence of wheat allergy and

NCGS remain ambiguous and not fully explored — both being relatively new diagnoses (36).

Wheat allergy

Wheat allergy can be classified based on the route of exposure, where ingesting wheat can
cause food allergy manifesting itself in the skin, GI tract or the respiratory tract (wheat-
dependent exercise-induced anaphylaxis) (37, 38). Children have a higher prevalence of
wheat allergy compared to adults, as the majority outgrow their allergy before adolescence

(39).

Celiac disease

Celiac disease occurs in genetically predisposed individuals, and is a chronic T-cell mediated
autoimmune enteropathy in the small intestine, triggered by exposure to dietary gluten (37,
40). Positive serology and obvious celiac histopathology are the basis of diagnosis (40). The
prevalence of celiac disease autoimmunity (positive serology) ranges between 0.2-8.5%,
while the prevalence of celiac disease based on intestinal biopsy findings ranges between 0.2-

2.4% (41).

Non-celiac gluten sensitivity

NCGS is the most recent inclusion in the spectrum of gluten-related disorders, and naturally
also the least explored; its pathogenesis and pathophysiological aspects remaining fairly
unclear (35, 42). There is a lack of diagnostic markers for NCGS, and as a result the
prevalence of NCGS relies on self-reporting, making the true prevalence of the condition
unidentified (42, 43). A few studies conducted reported an estimated self-reported NCGS
prevalence ranging from 0.6% to 13% (43-50).

1.6 Nut allergy
Nut allergy is often referred to as tree nut allergy, and include nuts like chestnuts, hazelnuts,
acorns, almonds, pistachios, cashew nuts, pecans walnuts, brazil nuts, pine nuts and

macadamia nuts (51). There is incomplete knowledge of prevalence, as most studies are based



on self-reporting, leading to an overestimation (2). One systematic review that included self-
reported, test results and oral food challenges observed a prevalence of self-reported tree nut
allergy up to 7.3%, while the prevalence of tree nut allergy using objective oral food
challenges ranged from 0.1% to 4.3% (52). It is associated with severe symptoms, accounting

for 18-40% of anaphylaxis, and is seldom outgrown (53, 54).

1.7 Peanut allergy

Though peanut is often referred to as a nut, it is in fact categorized as a legume; being more
related to chickpeas, lentils and beans. (51). Peanut allergy has become more prevalent in
western countries the last decade, being as prevalent as 1.4-3.0% (22, 55). The allergy is
developed in the first years of life, and is usually lifelong. Compared to other food allergies, it
is associated with more severe symptoms and outcomes, being the main cause of anaphylaxis

and death due to food allergy (55, 56).

1.8 Nutritional adequacy in subjects with food hypersensitivity
As mentioned, the most common food allergens are cow’s milk, eggs, nuts, wheat, soy and
sea food (2, 3). Furthermore, it has become a growing trend to eliminate wheat from the diet
due to a perception that the gut is hypersensitive to wheat products, or that elimination of
wheat is beneficial for the health (57). All food mentioned above have many important
nutrients and trace elements; especially dairy products and wheat have significant roles in
covering the body’s need for carbohydrates, fat and fatty acids, vitamins and trace elements
(58-61). Based on the Directorate of Health in Norway the general Norwegian population
already have a diet with insufficient amounts of coarse grains, dietary fibres, vitamin D and

folate. Certain groups of the population also lack iron and iodine in their diet (58).

Exclusion diets where one eliminates important food such as cow’s milk or wheat, is
associated with increased risk of nutritional consequences. Especially children in
development are at risk, as an incomplete diet lacking nutrition can cause greater adverse
effects in children compared to adults (59). Several studies indicate that children with one or
more food allergies have reduced nutritional status compared to children without food
allergies (62, 63). Another study suggests there is a higher risk of calcium and vitamin D
deficiency in children with food allergies; however, there are other studies with conflicting

results (64, 65).



1.8.1 Milk and dairy products

Nutritional content

Milk and dairy products are one of the greatest contributor to fat in a regular Norwegian diet;
contributing with 45% of saturated fat, as well as 27% of total fat (58). More than 60% of
calcium and iodine in a Norwegian diet stem from dairy products, and patients with cow’s
milk allergy often require calcium supplements to reach a sufficient calcium intake (59, 60).
Additionally dairy products are also an important source of protein, vitamin A and vitamin
B12 (60). In Norway some milk and dairy products are supplemented with vitamin D; a
strategic attempt to raise the unsatisfying vitamin D status amongst Norwegians, especially in
the elderly, the immigrants and the parts of the population experiencing Polar Night in the
winter months (58, 61).

Effects of milk restricted diets

In the past decade, there have been a decline in consumption of cow’s milk, as well as an
increase of lactose-free milk consumption; one study reporting GI symptoms as the main
cause of choosing lactose-free milk over regular cow’s milk (66). The main disadvantageous
of avoiding milk and dairy products are reduced Calcium intake and Vitamin D deficiency;
causing an increased risk of rickets in children and osteomalacia in adults, and an increased

risk for osteoporosis and fractures (21, 61, 67, 68).

A Norwegian study from 2000 suggested that children (31-37 months) following a strict
cow’s milk exclusion (CME) diet had significantly lower intake of energy, fat, protein,
calcium, riboflavin (vitamin Bj,) and niacin compared to children with an unrestricted diet.
Even after applying milk substitution to the CME diet, the children did not meet the
recommended nutrient intake for calcium and riboflavin (62). A study on Swedish children
and adolescents, observed an association between LNP subjects and a reduced intake of milk
and Calcium compared to subjects who tolerated lactose (69). Similar results were observed
in a study of children with CMA, showing a reduced intake of Calcium, as well as more
frequently insufficient levels of Vitamin A and D compared to the control group (70). Several
studies indicate that children on CME diets are more prone to fussy eating and a less varied

diet overall even in long-term, which may also result in inadequate nutrient intake (71-73).

1.8.2 Wheat
Wheat and grain products are important sources to dietary fibre, iron, vitamin B (thiamine,
niacin, riboflavin) and trace elements (74). Individuals on gluten-free diets (GFD) are at risk
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of having inadequate intake of Iron, Folate, Calcium, Selenium, Zinc, Niacin, Thiamine,
Riboflavin, Vitamin D, Vitamin A and Vitamin B, (75-81). Several gluten-free substitutions
contain very little dietary fibre and other nutrition; it is recommended that individuals
following a strict GFD make an additional effort to secure an adequate nutritional status (74).
Furthermore, studies suggest there is an increased risk of weight gain and overweight when
following GFD. This is related to the fact that many gluten-free substitutions have a high
calorie content compared to the gluten product it imitates (82). Gluten-free substitutions also
often contain higher amounts of carbohydrate, fat (particularly saturated fat), combined with a
reduced amount of proteins and a higher glycaemic index. All characteristics mentioned

above is associated with a negative health impact (83).

The last two decades there have been a notable increase of individuals following a GFD,
based on perceived gluten sensitivity; resulting in a higher number following GFD than the
estimated prevalence of celiac disease in a general population (35, 57). However, it is
important to note that a strict GFD is demanding to follow (84). Consequently, the adherence
to the GFD is reportedly lower than the prevalence of both self-reported and proven gluten
sensitivity (43, 84). Based on these data one may conclude that there is a substantial percent
of the population partially or totally excluding gluten-containing products from their diet. One
may also conclude that there is an increased number of individuals occasionally or frequently
substituting wheat products with less nutritional gluten-free substitutes, due to the increased

global market of gluten-free products (35).

1.8.3 Egg, nuts and peanuts

Hen eggs are known as a nutritious food, being a good source for proteins of high quality,
vitamins (A, B,, B, B12, D, E, K), minerals and healthy profile of fatty acids and lipids (85,
86).

Nuts are also considered as healthy and nutrient rich, containing healthy monosaturated and
polyunsaturated fatty acid profiles, fibres, Vitamin E, K and B, minerals such as magnesium
and potassium, carotenoids, and antioxidants (87). There are several health benefits linked to
eating nuts on a regular basis, such as decreasing triglycerides, cholesterol and fasting blood
glucose, reduction of oxidative stress, inflammation, visceral adiposity and cardiovascular

disease risk (87-90).



2 Materials and methods

2.1 Population and study design

The Tromse Study Fit Futures 1 and the follow-up study Fit Futures 2 (TFF1 and TFF2) are
cross-sectional studies on the health and lifestyles of adolescents in upper-secondary school in
the Norwegian municipalities Tromse and Balsfjord. This project includes data from TFF2
exclusively. The youth surveys were conducted at a research lab at the University Hospital of
North Norway (UNN) during school hours. TFF1 were conducted in 2010-2011; all first-year
students at the 8 upper-secondary schools in Tromse and Balsfjord were invited to participate,
of which 92.8% (n = 1038) attended (91). The school year of 2012-2013 the second wave of
the study were conducted. All third-year students at upper secondary school and all
participants from TFF1 (including those who did not attend school this school-year) were
invited to participate in TFF2. A total of 1028 students where invited, of which 868 attended
(71.9%).

The survey consisted of an interview, a web-based questionnaire about general lifestyle,
health and disease, clinical examinations (including height and weight measurement) and
blood sampling. The biomarkers Hb, Fe, Ferritin, Calcium and Vitamin D were analysed. In
addition, all participants reported their age, sex, general diet, snuff consumption, smoking
habits, alcohol consumption, physical activity, whether they had been diagnosed with asthma,
allergic rhinitis and/or eczema. All participants with unknown value for self-reported food
reactions, age above 21 years, missing data for the key blood biomarkers (Hb, Fe, Ferritin,
Calcium, Vitamin D) in TFF2 were excluded in this project. The final study population

includes 683 participants, of which 376 were female and 307 were male.

Fig 1:
Study population. The Tromse Study; Fit Futures 2.
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Invited to participate, n =
1028

Did not attend

n= 160

A4

Participants, n = 868

Excluded due to age above 21 years

AV

Participants, n = 837

Excluded due to nc known status of food reactions

n=27

Participants, n = 810

Excluded due to non valid key blood samples®

n=127

Participants, n = 683

Female participants, n = 376 Male participants, n = 307

* Key blood samples: Haemoglobin, Fe, Ferritin, Calcium, Vitamin D.

2.2 Methods

2.2.1 Assessment of self-reported hypersensitivity

Information on self-reported hypersensitivity against food was collected in the web-based
questionnaire, using yes-no questions. All participants were given the introductory question to
self-reported food hypersensitivity; “In the past 12 months, have you reacted against anything
in the food?”. The participants reporting a food reaction would get follow-up questions for

specific food items; in example “In the past 12 months, have you reacted against any of these
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food items; Milk protein?”. The follow-up questions included in this project were milk
protein, milk lactose, egg, wheat or other seeds, peanut, hazelnut, almond, walnut or pecan
nut, cashew nut or pistachio nut, and brazil nut. The food reactions not included in the present
analysis had too few subjects reporting a reaction against the given food. Reactions against
milk protein and milk lactose were assessed collectively as food reactions against milk. All

categories of nuts (not including peanut, being a legume) were also assessed collectively.

2.2.2 Assessment of biomarkers in blood

Non-fasting blood samples were drawn from an antecubital vein by trained research nurses.

The Department of Laboratory Medicine at UNN Tromse analysed Fe, Ferritin and Calcium
in serum and Hb in EDTA blood samples. Serum vitamin-D was analysed at the Haukeland

University Hospital, the Hormone Laboratory, according to method described previously (92).

2.2.3 Statistical analysis

The statistical analyses for this thesis were done using IBM SPSS® Statistics version 26.
Characteristics of the study population were described using summary statistics, and were sex
stratified, as there are differences in reference levels between the sexes. The continuous
variables were presented in means and standard deviation (normal distribution) or median and
interquartile range (IQR) (non-normal distribution), while categorical variables were
presented in number of subjects and percentage. Comparisons of the continuous variables
were evaluated using Student’s T-test (normally distributed data) or Mann-Whitney U test
(non-normally distributed data), while comparisons of the categorical variables were
evaluated using Pearson’s Chi-Square test. Statistical significance levels for these analyses

were set to p <0.05.

2.2.4 Ethics

All participants in TFF2 gave a written informed consent to be part of the survey. The Fit
Futures study has been approved by the Regional Committee for Medical Health and
Research Ethics (REK), the Norwegian Data Protection Authority and the Norwegian
Directorate of Health. This master project was approved by REK Nord (reference 2019:
68485).
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3 Results

Characteristics

Selected characteristics of the study sample are shown in Table 1. Of the 868 participants in
TFF2, 683 adolescents (17 to 21 years) met our inclusion criteria; of which 376 were female
and 307 were male. The mean age was 18.3 years for the total population, as well as for both
females and males seperately. The prevalence of atopic conditions (atopic eczema, asthma,
allergic rhinitis) ranged between 10.6% to 19.1% in females (atopic eczema being most

prevalent), and 11.1% to 13.7% in males (asthma being the most prevalent).

Upon questions about general diet, 13.0% of the females and 10.4% of the males reported to
rarely or never drink milk and/or liquid dairy products, while around 2/3 of females and over

%, of males reported eating cheese weekly. Over half of both men and women reported taking

vitamin supply sometimes or on a daily basis. The majority of both females and males

reported eating fat fish (58.8% and 56.7% respectively) and lean fish (63.0% and 63.8%

respectively) less than once weekly. A higher proportion of females reported a daily

consumption of both fruit (44.4%) and vegetables (41.8%) compared to males (29.3% and

29.6%, respectively). However, the majority of both males and females reported eating fruit

and vegetables weekly.

Table 1

Characteristics of the study population by sex. The Tromse Study; Fit Futures 2. (n=683).

Female N (%) Male N (%)

n=376 n=307
Age, years 18.3 (0.7) 18.3 (0.6)
Height, cm 166.0 (6.6) 179.5 (6.6)
Weight, kg 63.3(11.4) 75.2 (14.2)
BMI, kg/m’
Underweight (<18.5) 18 (4.8) 24 (7.8)
Normal (18.5-24.9) 286 (76.1) 199 (64.8)
Overweight (25-29.9) 45 (12.0) 61 (19.9)
Severely overweight (>30) 27 (7.2) 23 (7.5)
Atopic eczema
Yes 72 (19.1) 35(11.4)
No 260 (69.1) 235(76.5)
Don’t know/unknown status 44 (11.7) 37 (12.0)
Asthma
Yes 51 (13.6) 42 (13.7)
No 306 (81.4) 248 (80.8)
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Don’t know/unknown status 19 (5.1) 17 (5.5)
Allergic rhinitis

Yes 40 (10.6) 34 (11.1)
No 305 (81.1) 237(77.2)
Don’t know/unknown status 31(8.2) 36 (11.8)
Smoking®

Yes 79 (21.0) 81 (26.4)
No 296 (78.7) 226 (73.6)
Unknown status 1(0.3) 0 (0.0)
Snuff®

Yes 140 (37.2) 120 (39.1)
No 236 (62.8) 187 (60.9)
Alcohol use

More than 4 times a month 18 (4.8) 16 (5.2)
2-4 times a month 189 (50.3) 158 (51.5)
Once a month or less 140 (37.2) 105 (34.2)
Never 29 (7.7) 28 (9.1)
Recreational physical activity”

Low level 54 (14.4) 82 (26.2)
Medium level 157 (41.8) 65 (21.2)
High level 163 (43.4) 160 (52.1)
Unknown status 2 (0.5) 0(0.0)
Dietary habits

Fat fish intake

Less than once weekly 221 (58.8) 174 (56.7)
Weekly 153 (40.7) 129 (42.0)
Unknown status 2(0.5) 4(1.3)
Lean fish intake

Less than once weekly 237 (63.0) 196 (63.8)
Weekly 135 (35.9) 106 (34.5)
Unknown status 4(1.1) 5(1.6)
Fruit intake

Rarely/never 27 (7.2) 54 (17.6)
Weekly 181 (48.1) 162 (52.8)
Daily 167 (44.4) 90 (29.3)
Unknown 1(0.3) 1(0.3)
Vegetable intake

Rarely/never 26 (6.9) 25 (8.1)
Weekly 192 (51.1) 188 (61.2)
Daily 157 (41.8) 91 (29.6)
Unknown status 1(0.3) 3(1.0)
Cheese intake

Rarely/never 18 (4.8) 5(1.6)
Monthly 64 (17.0) 28 (9.1)
Weekly 255 (67.8) 236 (76.9)
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Daily 38 (10.1) 36 (11.7)
Unknown status 0(0.0) 2(0.7)
Milk and liquid dairy

products® intake

Rarely/never 49 (13.0) 32 (10.4)
Weekly or daily 327 (87.0) 275 (89.6)
Vitamin supplement

Yes 207 (55.1) 164 (53.4)
No 168 (44.7) 143 (46.6)
Unknown status 1(0.3) 0(0.0)

Values are means (SD) or number of subjects (%).

BMI = body mass index; SD = standard deviation;

*Smoking and snuff: Yes = sometimes or daily; No = Never or in the past but not currently.

® Recreational physical activity: Low level = reading, watching TV, or other sedentary
activity; Medium level =Walking, cycling, or other forms of exercise at least 4 hours a week;
High level = Participation in recreational sports, heavy outdoor activities with minimum
duration of 4 hours a week, or participation in heavy training or sports competitions regularly
several times a week.

“Milk and dairy products: Whole milk, semi-skimmed milk, skimmed milk, extra semi-
skimmed milk, kefir, yoghurt, fat-reduced yoghurt and kultura.

Prevalence of food reactions

Of the 683 adolescents in this sample, 17.4% (119/683) reported to have had a reaction
against food in the last 12 months. Of the five types of food reaction analysed in this project,
the most prevalent type of food reaction was to milk protein and/or milk lactose (7%),
thereafter to wheat and other seeds (4.0%), nuts (2.3%), egg (1.9%) and lastly to peanuts
(1.5%). Of the total 48 participants reporting a reaction to milk, the most prevalently reported
was against milk lactose (54.2% (26/48)), followed by reacting to both milk protein and milk
lactose (31.3% (15/48)), and the least common being against milk protein exclusively (14.6%
(7/48)).

There was a higher proportion of females reporting food reactions the last 12 months (20.5%)
compared to males (13.7%). Females also had a higher prevalence of self-reported reactions
to milk (8.5%), wheat (6.1%), nuts (3.2%) and peanuts (2.5%), than the males (milk; 5.2%,
wheat; 1.3%, nuts; 1.3%, peanuts; 0%). Only in regards to self-reported reaction to egg did
the males have a slightly higher prevalence than the females (2.0% versus 1.9%). Both in
males and females the most common food reaction reported was to milk (5.2% and 8.5%

respectively).
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Association between food reactions and biomarker levels

Participants with self-reported food reactions the last 12 months had a statistically
significantly lower mean Hb levels compared to participants with no self-reported food
reactions (p < 0.05) (Table 2a). There were also significantly lower mean Hb levels in
participants with self-reported hypersensitivity to wheat (p < 0.001), nuts (p < 0.05) and
peanuts (p < 0.001) compared with participants with no self-reported reaction to these foods
(Table 2d to Table 2f). Mean Hb levels also differs in males with self-reported
hypersensitivity to egg compared to males with no hypersensitivity to egg (p < 0.05) (Table
2¢).

Table 2a

Mean (standard deviation) or Median (interquartile range) of biomarkers in adolescents by self-reported
food reaction. The Tromsg Study; Fit Futures 2. (n=683).

Total population Female Male
n =683 n=376 n =307
Any No food | p* | Any No food | p* Any No food | p*
food reaction food reaction food reaction
reaction | n =564 reaction | n =299 reaction | n =265
n=119 n=77 n=42
Haemoglobin, | 13.4 13.7 0.04 | 12.6 12.7 0.60 14.8 14.8 0.89
g/dL (1.4 (1.4 (0.9 (0.9 (0.8) (0.9
Fe, umol/L 19.0 18.3 0.33 ] 183 17.1 0.22 |20.4 19.6 0.53
(median, (7.5) (7.5) (7.6) (7.5) (7.4) (7.3)
IQR)
Ferritinb, 52.0 53.0 0.75 ] 36.0 33.0 0.20 | 87.0 78.0 0.39
ug/L (42.0) (56.7) (36.0) (37.0) (61.0) (56.0)
Calcium, 2.4(0.1) | 2.4(0.1) | 0.10 | 2.3(0.1) | 2.3(0.1) | 0.38 | 2.4(0.1) | 2.4(0.1) | 0.84
mmol/L
Vitamin Db, 42.6 41.1 0.90 | 45.9 49 .4 0.62 | 30.6 33.2 0.61
nmol/L (33.4) (34.5) (36.9) (33.4) (38.0) (27.7)
(median,
IQR)

Values are means (SD) if not otherwise stated.

IQR = interquartile range.

* T-tests for normally distributed data and Mann-Whitney U test for non-normally distributed data.
b Non-normally distributed data, numbers are median (IQR).

Table 2b

Mean (standard deviation) or Median (interquartile range) of biomarkers in adolescents by self-reported
food reaction against milk protein and lactose. The Tromse Study; Fit Futures 2. (n=683).

Total population Female Male

n =683 n=376 n =307

Food No food | p* Food No food | p* Food No food | p*
reaction | reaction reaction | reaction reaction | reaction
against | n=635 against | n=344 against | n=291

milk milk milk

n=48 n=232 n=16
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Haemoglobin, | 13.5 13.6 0.48 | 12.7 12.7 093 | 15.1 14.8 0.13

g/dL 1.4 1.4 (0.7) (0.9) (0.1) (0.9)

Fe, umol/L 19.7 18.3 0.23 | 19.7 17.1 0.06 | 19.6 19.8 0.92
(8.5) (7.4) (8.8) (7.4) (8.1) (7.3)

Ferritin®, 44.0 54.0 0.46 | 35.0 33.0 0.75 | 76.0 78.0 0.99

pg/L (42.0) (55.0) (38.0) (37.0) (66.0) (56.0)

(median,

IQR)

Calcium, 2.4(0.1) | 2.4(0.1) | 0.73 | 2.4(0.1) | 2.3(0.1) | 0.65 | 2.4(0.1) | 2.4 (0.1) | 0.87

mmol/L

Vitamin D, 38.8 41.9 0.50 | 43.6 49.3 0.26 | 31.9 32.7 0.60

nmol/L (26.5) (34.6) (25.3) (35.2) (31.2) (28.3)

(median,

IQR)

Values are means (SD) if not otherwise stated.

IQR = interquartile range.
* T-tests for normally distributed data and Mann-Whitney U test for non-normally distributed data.

b Non-normally distributed data, numbers are median (IQR).

Table 2¢

Mean (standard deviation) or Median (interquartile range) of biomarkers in adolescents by self-reported
food reaction against egg. The Tromsg Study; Fit Futures 2. (n=683).

Total population Female Male
n =683 n=376 n =307
Food No food | p* Food No food | p* Food No food | p*
reaction | reaction reaction | reaction reaction | reaction
against | n=670 against | n=369 against | n=301
€gg €gg €gg
n=13 n=7 n==6
Haemoglobin, | 13.4 13.6 0.56 | 12.6 12.7 0.77 | 144 14.8 0.03
g/dL (1.0) 1.4 (0.5) (0.9) (0.4) (0.9)
Fe, umol/L 21.9 18.3 0.09 | 22.0 17.2 0.10 | 21.8 19.7 0.48
(6.7) (7.5) (8.4) (7.5) 4.3) (7.3)
Ferritin®, 42.0 53.5 0.97 | 33.0 34.0 0.59 | 106.0 78.0 0.35
png/L (74.0) (54.0) (19.0) (36.0) (66.0) (56.0)
(median,
IQR)
Calcium, 2.4(0.1) | 2.4(0.1) | 0.97 | 2.3(0.1) | 2.3(0.1) | 0.77 | 2.4(0.1) | 2.4(0.1) | 0.71
mmol/L
Vitamin D", 374 41.3 0.69 |37.4 48.6 0.64 | 43.0 325 0.23
nmol/L (32.7) (34.5) (47.3) (33.8) (30.8) (28.6)
(median,
IQR)

Values are means (SD) if not otherwise stated.

IQR = interquartile range.
* T-tests for normally distributed data and Mann-Whitney U test for non-normally distributed data.

b Non-normally distributed data, numbers are median (IQR).

Table 2d

Mean (standard deviation) or Median (interquartile range) of biomarkers in adolescents by self-reported
food reaction against wheat and other seeds. The Tromsg Study; Fit Futures 2. (n=683).

| Total population

| Female

| Male
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n =683 n=376 n =307
Food No food | p* Food No food | p* Food No food | p*
reaction | reaction reaction | reaction reaction | reaction
against | n =656 against | n =353 against | n =303
wheat wheat wheat
n=27 n=23 n=4
Haemoglobin, | 12.8 13.7 < 12.4 12.7 0.16 | 14.8 14.8 0.96
g/dL (1.1 (1.4 .001 | (0.7 (0.9 (0.7 (0.9
Fe, umol/L 19.6 18.4 042 | 18.6 17.2 0.40 | 25.0 19.7 0.15
(7.4) (7.5 (7.3) (7.6) (6.2) (7.3)
Ferritinb, 34.0 55.0 0.01 | 33.0 34.0 0.64 | 99.0 78.0 0.74
png/L (32.0) (55.0) (21.0) (37.0) (63.0) (56.0)
(median,
IQR)
Calcium, 2.3(0.1) | 2.4(0.1) | 0.01 | 2.3(0.8) | 2.3(0.8) | 0.18 |2.4(0.1) | 2.4(0.1) | 0.40
mmol/L
Vitamin Db, 43.9 41.1 0.18 | 44.7 48.7 0.91 | 39.5 32.5 0.46
nmol/L (33.8) (34.3) (40.1) (34.2) (30.8) (28.6)
(median,
IQR)

Values are means (SD) if not otherwise stated.
IQR = interquartile range.
* T-tests for normally distributed data and Mann-Whitney U test for non-normally distributed data.

b Non-normally distributed data, numbers are median (IQR).

Table 2e

Mean (standard deviation) or Median (interquartile range) of biomarkers in adolescents by self-reported
food reaction against hazelnut, almond, walnut, pecan nut, cashew nut, pistachio nut and/or brazil
nut. The Tromse Study; Fit Futures 2. (n=683).

Total population Female Male
n =683 n=376 n =307
Food No food | p* Food No food | p* Food No food | p*
reaction | reaction reaction | reaction reaction | reaction
against | n=667 against | n=364 against | n=303
nuts nuts nuts
n=16 n=12 n=4
Haemoglobin, | 12.8 13.7 0.01 | 12.4 12.7 0.21 | 14.0 14.8 0.06
g/dL (1.3) (1.4 (1.1 (0.9 (1.1 (0.8)
Fe, umol/L 17.1 18.4 0.49 | 17.0 17.3 0.89 | 17.5 19.8 0.54
9.3) (7.5) (10.3) (7.5) (6.6) (7.3)
Ferritin®, 44.5 53.0 0.24 | 28.0 34.0 0.50 | 71.0 78.0 0.98
png/L (53.0) (54.0) (55.0) (35.0) (61.0) (56.0)
(median,
IQR)
Calcium, 2.4(0.1) | 24(0.1) | 0.23 | 2.3(0.1) | 2.3(0.1) | 0.18 | 2.4(0.1) | 2.4(0.1) | 0.22
mmol/L
Vitamin D", 49.1 41.1 0.18 | 60.2 48.2 0.21 | 28.9 325 0.68
nmol/L (43.0) (34.1) (33.9) (33.9) (32.9) (28.5)
(median,
IQR)

Values are means (SD) if not otherwise stated.
IQR = interquartile range.
* T-tests for normally distributed data and Mann-Whitney U test for non-normally distributed data.

b Non-normally distributed data, numbers are median (IQR).
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Table 2f

Mean (standard deviation) or Median (interquartile range) of biomarkers in adolescents by self-reported

food reaction against peanuts. The Tromse Study; Fit Futures 2. (n=683).

Total population Female Male
n =683 n=376 n =307
Food No food | p* Food No food | p* Food No food | p*
reaction | reaction reaction | reaction reaction | reaction
against | n=673 against | n =366 against | n=307
peanuts peanuts peanuts
n=10 n=10 n=0
Haemoglobin, | 12.7 13.7 < 12.7 12.7 1.00 | - 14.8 -
g/dL (0.7) 1.4) .001 | (0.7) (0.9) (0.8)
Fe, umol/L 20.7 18.4 0.33 | 20.7 17.2 0.15 | - 19.7 -
(10.0) (7.5) (10.0) (7.5) (7.3)
Ferritin®, 44.5 53.0 0.35 | 445 33.5 0.40 | - 78.0 -
pg/L (41.0) (54.0) (41.0) (35.0) (56.0)
(median,
IQR)
Calcium, 2.4(0.0) | 2.4(0.1) | 0.11 | 2.4(0.0) | 2.3(0.1) | 0.69 | - 2.4(0.1) | -
mmol/L
Vitamin D", 45.0 41.1 0.43 | 45.0 48.7 091 |- 325 -
nmol/L (41.4) (34.4) (41.4) (33.7) (28.5)
(median,
IQR)

Values are means (SD) if not otherwise stated.

IQR = interquartile range.

* T-tests for normally distributed data and Mann-Whitney U test for non-normally distributed data.
b Non-normally distributed data, numbers are median (IQR).

Among adolescents with a reported food reaction to wheat there was (as mentioned above) a

lower mean Hb level, as well as a lower mean/median Ferritin and Calcium levels (p < 0.05),

compared to adolescents with no reported reaction to wheat. Aside from the differences in

biomarker values mentioned, there were no other significant difference in serum levels

amongst the participants with self-reported (specific) food reaction compared to no self-

reported (specific) food reaction.

Table 3a

Number of subjects (%) with biomarker levels below and above normal reference level (93). The
Tromsg Study; Fit Futures 2. (n=683).

Any food reaction No food reaction p
n=119 n =564
Fe <9 pmol/L 7(5.9 46 (8.2) 0.400
Fe > 9 pmol/L 112 (94.1) 518 (91.8)
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Calcium <2.18 mmol/L | 1 (0.8) 2(0.3) 0.467
Calcium > 2.18 mmol/L | 118 (99.2) 562 (99.6)
Vitamin D <50 nmol/L | 76 (63.9) 348 (61.7) 0.658
Vitamin D > 50 nmol/L | 43 (36.1) 216 (38.3)
Food reaction against | No food reaction p*
milk
n =48 n =635
Fe <9 umol/L 4 (8.3) 49 (7.7) 0.878
Fe > 9 pmol/L 44 91.7) 586 (92.3)
Calcium <2.18 mmol/L | - 3(0.5) 0.633
Calcium > 2.18 mmol/L | 48 (100) 632 (99.5)
Vitamin D <50 nmol/L | 35 (72.9) 389 (61.3) 0.109
Vitamin D > 50 nmol/L | 13 (27.1) 246 (38.7)
Food reaction against | No food reaction p*
egg
n=13 n=670
Fe <9 umol/L - 53 (79.1) 0.291
Fe > 9 pmol/L 13 (100) 617 (92.1)
Calcium < 2.18 mmol/L | - 3(0.4) 0.809
Calcium > 2.18 mmol/L | 13 (100) 667 (99.6)
Vitamin D <50 nmol/L | 8 (61.5) 416 (62.1) 0.968
Vitamin D > 50 nmol/L | 5 (38.5) 254 (37.9)
Food reaction against | No food reaction p*
wheat
n=27 n=656
Fe <9 umol/L 2(74) 51(77.7) 0.944
Fe > 9 pmol/L 25 (92.6) 605 (92.2)
Calcium <2.18 mmol/L | 1 (3.7) 2(0.3) 0.009
Calcium > 2.18 mmol/L | 26 (96.3) 654
Vitamin D <50 nmol/L | 18 (66.7) 406 (61.9) 0.616
Vitamin D > 50 nmol/L | 9 (33.3) 250 (38.1)
Food reaction against | No food reaction p*
nuts”
n=16 n =667
Fe <9 umol/L 1(6.2) 52 (7.8) 0.819
Fe > 9 pmol/L 15 (93.8) 615 (92.2)
Calcium < 2.18 mmol/L | - 3(0.4) 0.788
Calcium > 2.18 mmol/L | 16 (100) 664 (99.6)
Vitamin D <50 nmol/L | 8 (50) 416 (62.4) 0.314
Vitamin D > 50 nmol/L | 8 (50) 251 (37.6)
Food reaction against | No food reaction p*
peanuts
n=10 n=673
Fe <9 umol/L - 53(7.9) 0.355
Fe > 9 pmol/L 10 (100) 620 (92.1)
Calcium < 2.18 mmol/L | - 3(0.4) 0.832
Calcium > 2.18 mmol/L | 10 (100) 670 (99.6)
Vitamin D <50 nmol/L | 7 (70.0) 417 (62.0) 0.603
Vitamin D > 50 nmol/L | 3 (30.0) 256 (38.0)

* Chi-square test

b Nuts; hazelnut, almond, walnut, pecan nut, cashew nut, pistachio nut and/or brazil nut

Table 3b

20



Number of females (%) with biomarker levels below and above normal reference level (93). The Tromse
Study; Fit Futures 2. (n=376).

Food reaction No food reaction p
n="77 n =299
Haemoglobin 7(9.1) 27 (9.0) 0.987
<11.7 g/dL.
Haemoglobin 70 (90.9) 272 (91.0)
>11.7 g/dL
Ferritin < 15ug/LL 10 (13.0) 49 (16.4) 0.464
Ferritin >15pg/L 67 (87.0) 250 (83.6)
Food reaction against | No food reaction p*
milk
n=32 n=344
Haemoglobin 2(6.3) 32(9.3) 0.565
<11.7 g/dL.
Haemoglobin 30 (93.8) 312 (90.7)
>11.7 g/dL
Ferritin < 15ug/L. 4 (12.5) 55 (16.0) 0.604
Ferritin >15pg/L 28 (87.5) 289 (84.0)
Food reaction against | No food reaction p*
egg
n=7 n =369
Haemoglobin - 34 (9.2) 0.400
<11.7 g/dL
Haemoglobin 7 (100) 335 (90.8)
>11.7 g/dL
Ferritin < 15ug/L - 59 (16.0) 0.249
Ferritin >15pg/L 7 (100) 310 (84.0)
Food reaction against | No food reaction p*
wheat
n=23 n =353
Haemoglobin 2 (8.7) 32 (9.0) 0.952
<11.7 g/dL
Haemoglobin 21 (91.3) 321 (90.9)
>11.7 g/dL
Ferritin < 15ug/L 2(8.7) 57 (16.1) 0.341
Ferritin >15pg/L 21 (91.3) 296 (83.9)
Food reaction against | No food reaction p*
nuts”
n=12 n =364
Haemoglobin 2 (16.7) 32 (8.8) 0.349
<11.7 g/dL
Haemoglobin 10 (83.3) 332 (91.2)
>11.7 g/dL
Ferritin < 15ug/L 3 (25.0) 56 (15.4) 0.368
Ferritin >15pg/L 9 (75.0) 308 (84.6)
Food reaction against | No food reaction p*
peanuts
n=10 n =366
Haemoglobin - 34 (9.3) 0.312
<11.7 g/dL
Haemoglobin 10 (100) 332 (90.7)
>11.7 g/dL
Ferritin < 15ug/LL 1(10.0) 58 (15.8) 0.616
Ferritin >15pg/L 9 (90.0) 308 (84.2)
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* Chi-square test

b Nuts; hazelnut, almond, walnut, pecan nut, cashew nut, pistachio nut and/or brazil nut

Table 3¢

Number of males (%) with biomarker levels below and above normal reference level (93). The Tromse

Study; Fit Futures 2. (n=307).

Food reaction No food reaction p
n=42 n=265
Haemoglobin 1(2.4) 16 (6.0) 0.336
<134 g/dL
Haemoglobin 41 (97.6) 249 (94.0)
>13.4 g/dL
Ferritin <22 pg/L 1(2.4) 5.9 0.830
Ferritin >22 pg/L 41 (97.6) 260 (98.1)
Food reaction against | No food reaction p*
milk
n=16 n=291
Haemoglobin - 17 (5.8) 0.320
<134 g/dL
Haemoglobin 16 (100) 274 (94.2)
>13.4 g/dL
Ferritin <22 pg/L - 6 (2.1 0.562
Ferritin >22 pg/L 16 (100) 285 (97.9)
Food reaction against | No food reaction p*
€gg
n==6 n=301
Haemoglobin - 17 (5.6) 0.549
<134 g/dL
Haemoglobin 6 (100) 284 (94.4)
>13.4 g/dL
Ferritin <22 pg/L - 6(2.0) 0.727
Ferritin >22 pg/L 6 (100) 295 (98.0)
Food reaction No food reaction p*
against wheat
n=4 n =303
Haemoglobin - 17 (5.6) 0.626
<134 g/dL
Haemoglobin 4 (100) 286 (94.4)
>13.4 g/dL
Ferritin <22 pg/L - 6(2.0) 0.776
Ferritin >22 pg/L 4 (100) 297 (98.0)
Food reaction No food reaction p*
against nuts”
n=4 n =303
Haemoglobin 1(25.0) 16 (5.3) 0.087
<134 g/dL
Haemoglobin 3 (75.0) 287 (94.7)
>13.4 g/dL
Ferritin <22 pg/L - 6 (2.0) 0.776
Ferritin >22 pg/L 4 (100) 297 (98.0)
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* Chi-square test
b Nuts; hazelnut, almond, walnut, pecan nut, cashew nut, pistachio nut and/or brazil nut

Table 3a to 3¢ compare participants with and participants without the specific self-reported
food reactions, and levels below and above reference values of the key biomarkers. There was
an association between having reported a reaction to wheat and a having calcium levels below
reference value (p < 0.05). Apart from this finding, there was no observed association

between self-reported food reaction and biomarker levels below reference values.
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4 Discussion

In this thesis, we have described several self-reported food reactions in a general adolescent
population, and studied associations with biomarker levels of Hb, Fe, Ferritin, Calcium and
Vitamin D. To our knowledge this is the first report looking at various types of self-reported
food hypersensitivity, and their associations with circulating levels of different biomarkers in
an adolescent population (17-21 years). This study population of 683 subjects had an overall
self-reported food hypersensitivity prevalence of 17.4% (119/683); and a higher proportion of
females (77/376) reporting food hypersensitivity compared to males (42/307). We have
observed a difference in the mean levels of Hb, when comparing participants with no food
reaction the last 12 months with participants with any self-reported food reaction, self-
reported food reaction to wheat, nuts and peanuts; the participants with food reaction having a
lower mean Hb value. There is also demonstrated a lower mean/median value of Calcium and
Ferritin in subjects with self-reported hypersensitivity towards wheat. Males who reported a
food reaction to egg had a significantly lower mean Hb value, compared to males with no
food reaction to egg. There is also observed an association between having reported a food

reaction to wheat and having Calcium levels below normal reference values.

Prevalence of self-reported hypersensitivities

The prevalence of self-reported food hypersensitivity in our population (17.4%) did match the
prevalence reported in several other studies (ranging between 12-25%) (9-13). The most
common type of milk hypersensitivity reported in TFF2 was towards milk lactose, which
corresponds to research showing that lactose intolerance prevalence peaks in adolescence,
compared to milk protein allergy (which is commonly outgrown) (23, 24). Additionally, our
study shows that a reaction towards milk is the most commonly reported reaction in both
sexes, which may correlate to both milk allergy (although commonly outgrown) being the
most common type of food allergy in children (19, 20, 22), and that an estimated 70% of the
general adult population have LNP (23, 24). Self-reported reactions towards egg in our
population (1.9%) correspond with the prevalence of egg allergy in young children (0.5-2.5%)
found in other studies (28, 29). However, one would assume there would be a slightly lower
prevalence in an adolescent population, as the majority of children outgrow their egg allergy

(34).

As mentioned earlier, self-reported adverse reactions to food are prone to overestimating the

true prevalence of food allergy and food intolerances (3, 5, 15). When measuring the
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prevalence of adverse reactions towards wheat in our population, one did not differentiate
between whether the reaction was linked to wheat allergy, celiac disease or NCGS. This
complicates the interpretation of the prevalence in our population (4.0%), when comparing it
to the prevalence in other studies. However, one should note that research on the prevalence
of gluten-related disorders, as well as wheat allergy and NCGS are largely lacking, and that
only celiac disease has been thoroughly researched (36). There is also a limited knowledge
about the prevalence of tree nut allergy, one study reporting a range between 0.1-4.3% (when
using oral food challenges) (52), which our observed prevalence (2.3%) corresponds with.
Lastly, the observed prevalence of self-reported peanut allergy (1.5%) correlates with other

research, reporting a prevalence of 1.4-3.0% (22, 55).

Associations between self-reported food reactions and biomarkers
There is limited research on food hypersensitivity and possible nutritional consequences
(assessed by biomarker levels) in an adolescent population, as most studies about food
allergies and intolerances have a predominant focus on infants and young children. One
should also note that several types of food hypersensitivities are relatively recently added
classifications of food hypersensitivities (such as wheat allergy and NCGS), these subgroups

are not currently adequately researched or understood (36).

In our population, we found a significant lower mean Hb level in participants with any food
reactions, compared to participants with reported food reactions to any food, as well as to
wheat, nuts and peanuts respectively. The participants with reported reaction to wheat also
had a significantly lower mean/median Ferritin and Calcium, as well as having a higher risk
of having Calcium levels below reference values. Several studies report that patients on a
gluten-free diet show inadequate intakes of Iron, Folate, Calcium, Selenium, Zinc, Niacin,
Thiamine, Riboflavin, Vitamin D, A and By, (75-81), which corresponds to our findings of
significantly lower mean/median value of Ferritin and Calcium, and inadequate Calcium
levels. However, we could not find any reports on wheat hypersensitivity being associated

with lower Hb values.

In regard to participants with reported hypersensitivity towards nuts and peanuts having a
lower mean Hb value, there is currently limited research on the nutritional consequences of
having hypersensitivity towards these foods. Additionally, there is also lacking reports on
nutritional consequences in participants with a general self-reported food hypersensitivity.

Our finding of a lower mean Hb value in participants with any reported food hypersensitivity,
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does not tell which of the food hypersensitivities which contribute to this, and to which
degree. Also, all findings of participants with food reaction(s) having a lower mean Hb value,
does not imply causality and we cannot conclude whether this is due to nutritional
consequences of possible elimination diet or other factors. TFF2 data do not show
correspondingly lower mean level of Ferritin (except in participants with self-reported wheat
hypersensitivity), and the mechanisms for the lower Hb value in participants with food

hypersensitivities remain elusive.

Strengths and limitations

The strengths of this study include having a high attendance rate (84.4%) and population-
based design, and therefore a reduced risk of selection bias. The study population consists of
third-year students at upper-secondary school both from rural and urban districts, and one can

assume that the results are representative for other adolescent populations in Norway.

There are several limitations to our study. In evaluating the presence of food hypersensitivity,
the participants answered a web-based multiple-choice questionnaire, themselves interpreting
the questions. Self-interpretation increases the risk of information bias in our study, and this
information bias would most likely overestimate the true prevalence of food
hypersensitivities, as is reported in several other studies based on self-reported food reactions
(5, 15, 17). However, we base our hypothesis on the assumption that the participants having
an experience they subjectively interpret as food reaction, will to some degree exclude the
given food from their diet. Although there is a high probability that the prevalence reported in
our study overestimates the true prevalence of food hypersensitivities, this should not

necessarily affect the outcome of nutritional status.

Another limitation is however that we can only assume that the participants reporting food
reaction(s) are also excluding the given food from their diet. Only in regard to milk and dairy
products have there been additional questions on the general consumption; all participants
answered a question about their milk and liquid dairy product intake, of which 13.0% of the
females and 10.4% of the males reported to rarely or never drink milk or dairy products.
Comparing this to the proportion reporting milk hypersensitivity (8.5% of females, 5.2% of
males), one can assume that there is a high probability that the participants reporting food
reaction to milk also reported excluding milk from the diet. One should however note that the
question about milk consumption is divided into rarely/never (with no specific definition of

rarely) or weekly to daily (ranging between one glass weekly to 24 glasses daily), this due to
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how the questions and multiple choices in the questionnaire where articulated. Due to this
wide range, one cannot conclude that those answering weekly/daily intake of milk actually
have a recommended intake of milk (three portions a day in Norway), and therefore ensures
the daily recommendations for calcium and iodine through milk, compared to the participants

answering a rarely/never.

The analysis of mean biomarker level in relation to self-reported food reactions was not
adjusted for possible confounding factors. Information on lifestyle, health, drug use and
diseases in TFF2 may be included in future analysis. For example, the participants also
answered a question regarding vitamin supplementation, of which 55.1% of the females and
53.4% of the males answered to take vitamin supplementation sometimes to daily. However,
type of vitamin supplementation and dosage were not specified, and therefore it would be

hard to judge whether this could have an impact on the key biomarker levels.

In further research one should divide the various hypersensitivities into subgroups of food
reaction severity and related degree of food avoidance, to properly recognize the effects of
partial and total exclusion diets individually. Further examination of the general diet in
subjects experiencing food reactions could also be of interest, to investigate whether
adolescents on exclusion diets are more or less aware of their general diet choices compared
to the control group, and whether they make significantly different diet choices to replace the
nutrients they may be lacking. There should also be a more comprehensive investigation of
the nutritional status, with a more extensive list of biomarkers, alternatively with other
measurements in addition to this, that might give an indication of the true nutritional status of

the subject.
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5 Conclusion

The results from this study suggest that there might be slight difference in biomarker levels
when comparing adolescents with self-reported food reaction to their healthy peers, especially
in subjects reporting a food reaction to wheat. There was a significantly lower Hb level in
subjects reporting any kind of food reaction, and in subjects with self-reported food reaction
to wheat, nuts and peanuts compared to the control group. Subjects reporting a reaction to
wheat also had significantly lower Ferritin and Calcium levels, as well as having a higher risk
of having Calcium levels below reference levels. Further research is however needed, to be
able to conclude with how and to which degree having food reactions and following exclusion
diets affects the general health; these should include an evaluation of the extent to which the
adolescents are actually excluding the given food from their diet, and a further assessment of

nutritional status through a more extensive list of biomarker levels or other measurements.
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GRADE 1

Reference:

Prescott SL, Pawankar R, Allen KJ, Campbell DE, Sinn J, Fiocchi A, et al.
A global survey of changing patterns of food allergy burden in children. World Allergy
Organ J. 2013;6(1):21.

Design: Cross-
sectional study

GRADE:

patterns and
prevalence of
food allergy,
and the quality
of evidence
available.

Conclusion

Food allergy is
a significant
paediatric
health issue,
where 1in 10
children have
challenge-
proven IgE-
mediated
allergy. The
prevalence is
likely to
increase the
coming
decade. The
survey also
reveals a
scarcity of
quality data in
several
regions.

Country

89 various
countries

Year of data
collection

September
2012 to March
2013

Organization (WAO) and
the Worldwide Universities
Network (WUN). A web-
based questionnaire was
developed in February-
June 2012, and
disseminated September
2012 to the 93 peak
national/regional member
societies of WAO (data
was also collected from
neighbouring non-WAO
member countries). Each
country provided data on
the overall prevalence of
food allergy in their
country, most common
clinical presentations of
food allergy, the 5 most
common food allergens for
different age groups, any
change in food allergy the
last 10 years — including
the level of evidence, the
source and the age group
most affected. 89 countries
completed the survey; 12
in Western Europe, 5
Nordic countries, 17 in
Central/Eastern Europe, 18
in Asia and Oceania, 15 in
the Americas, 10 in the
Middle East and 12 in
Africa.

The 89 countries were
categorized by the best
level of evidence available
for each country, with the
highest level where oral
food challenges (OFC) and
the lowest were self-
reporting. In each case,
there was performed a
literature search by
investigators to confirm the
cited data source, and to
look for additional
evidence.

Clle)
Objective Methods and material Results Discussion/comments
Collect This survey was a 51 of 89 countries had no food This study provides a global
existing data collaborative project allergy prevalence data of any view of the trends for food
on the global | between the World Allergy | kind. 9 of 89 countries had allergy currently, including the

accurate food allergy data based
on OFC. Infants and preschool
children (<5 years) had a
prevalence ranging from 1% in
Thailand to 10% in Australia.
School-aged children (> 5 years)
with OFC-proven food allergy
were lower in all regions, ranging
from <1% in Turkey to 2,5% in the
UK. However, there were very few
studies using OFC in this age
group. A German Study that
included children 0-17 years
(mean age 9,2 years) found OFC-
proven food allergy prevalence to
be 4,2%, with higher rates in
younger children. The majority of
the data collected were based on
self-reporting or parent-reporting.
This results in higher rates of food
allergy, compared to reports
based on OFC or specific IgE-
confirmed food allergy. The
prevalence of self-reported food
allergy ranged from less than 5%
to 19%. Countries that both
provided OFC data and self-
reported/parent-reported food
allergy, show evidence that there
is likely an over-estimation of food
allergies.

Regions that are currently lacking
data on food allergy prevalence
include Central and South
America, Africa, Eastern Europe
and the Middle East.

quality of evidence available
and areas where research is
lacking.

Most regions lack accurate or
present-day prevalence, and
even in high prevalence
regions there is a general
scarcity of quality data. The
majority of prevalence
estimates are based on
parent- or self-reporting,
increasing the risk of
information bias, and few
cases are objectively
confirmed through the gold
standard of oral food
challenge (OFC). Many of the
studies using OFC are prone
to selection bias due to poor
participation rates. However,
it is noted that some studies
adjust for participation bias.

Some studies are more well
designed than others, and
there is a big heterogeneity in
study designs. It is
acknowledged that
prevalence based on parent-
or self-reporting
overestimates the true
prevalence, when comparing
it to prevalence based on
OFC, and they therefore differ
between self-reported and
confirmed prevalence.

The findings in this study are
consistent with other studies.
However, the most
acknowledged finding is that
there is a general global lack
of quality data on food allergy
prevalence.
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GRADE 2

consuming a
cows’ milk free
dietto a
matched
control group
of infants
consuming an
unrestricted
diet over a
period of 6
months.

Conclusion

This study
suggests that
although
infants
consuming a
milk-free diet
have a
nutritional
intake that is
significantly
different to
matched
controls who
are eating an
unrestricted
diet, this
difference is
not constant
and it is not
seen for all
nutrients.

Country

England

Year of data
collection

2006 to 2008

birth cohort study from the
South of England. The
diets of 39 infants (13 milk-
free and 26 controls) were
assessed, through the
parents keeping a
prospective food diary,
reporting every 4 weeks
until the age of one. A
specialist allergy dietitian
advised the parents of
infants with suspected milk
allergy, to strictly and
completely avoid cow’s
milk, and other mammalian
milk products. These
infants were not excluding
any other foods from their
diet (e.g. soya). Each infant
following a milk exclusion
diet who had returned at
least 3 weeks of
quantitative diet data
covering a period of 12
weeks had their dietary
intake data analysed. Each
milk-free infant was
matched to two control
infants, according to age,
number of food diaries
available and
breastfeeding status, thus
forming a nested matched
case—control study. Dietary
analysis was performed
with the dietary analysis
package ‘CompEatPro’
(Nutrition Systems, 2008).
Mean daily values for
nutrient intake were
calculated by the dietary
analysis package, imported
into Statistical Package for
the Social Sciences
version 18 (SPSS Inc) and
compared to UK
Recommended Nutrient
Intakes (RNI)

Reference: Maslin K, Oliver EM, Scally KS, Atkinson J, Foote K, Venter C, et al. Design: Case-

Nutritional adequacy of a cows' milk exclusion diet in infancy. Clin Transl Allergy. control study

2016;6:20. GRADE: [ge®
Objective Methods and material Results Discussion/comments

To compare Participants in this study 13 of in total 74 infants on a milk  [This case-control study

the nutritional | are a subgroup of the free diet met the inclusion criteria. |suggests that infants

intake of a Prevalence of Infant Food | Each milk-free infant was matched [consuming a milk-free diet

group of Allergy study, a to 2 control infants, resulting in have a significantly different

infants prospective food allergy dietary analysis of 13 milk-free nutritional intake compared to

and 26 control infants.

All infants had mean intakes in
excess of the requirements for
energy and the recommended
intakes for protein, calcium, iron,
selenium, zinc, vitamins A, C, D
and E. The mean daily intake
differed significantly between the
groups across the whole time
period for selenium (p = 0.003)
and vitamin C (p = 0.01), and
selenium were at all time-points
higher in the infants following a
milk free diet. Observed vitamin C
intake was at all-time points higher
for infants following an
unrestricted diet (p=0.001).
Differences were also found
between the two study groups at
differing time periods for protein,
calcium, iron and vitamin E (all
p<0.05)

the control group. However,
the difference is not constant
over the 6 months the study
lwas conducted, and is not
seen for all nutrients.

It is highlighted that there
exists a selection bias, as the
majority of infants in this
study were born to well-
educated mothers, who may
be more likely to follow
recommended feeding advice
than less well-educated
mothers. The parents also
received guidance by a
specialist allergy dietitian, and
previous research suggests
that that infants consuming
exclusion diets who had not
received nutritional advice
were likely to have diets
deficient in vitamin D and
calcium compared to those
\who had received nutritional
advice. The authors therefore
emphasize that these findings
cannot be extrapolated to
infants not receiving
individualized diet advice.

[The authors also identify
several cofounders, such as
the milk reactive infants
eating soya products as dairy
alternative, that are high in
selenium and low in vitamin
C.
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GRADE 3

is a difference
in regards to
milk
avoidance,
calcium intake,
vitamin D
intake and
anthropometric
features
related to
obesity in
lactase non-
persistent
(LNP) children
and
adolescents
compared to
lactase
persistent (LP)
subjects.

adolescents (n=386, mean
age: 15.6) that were part of
the European Youth Heart
Study, who had been
randomly sampled through
a multiphase sampling
procedure (overall
participation rate in
Sweden: 50%).

The consumption of milk
was evaluated by an
interviewer-mediated 24h
recall, and a food record
collected the day before
served as checklist for this
data, where portion sizes
was estimated by using a
food atlas. Dietary data
were processed by
StorMats (version 4.02;
Rudans Lattdata) and

Conclusion

analysed using the
Swedish National Food

Milk avoidance
was
significantly
more common
in LNP
children and
adolescents.
Additionally,
energy intake
from milk and
calcium intake
was lower in
LNP. LNP
status did not
affect vitamin
D intake or
anthropometric
features.

database (version 99.1).
The genetic analysis was
performed by isolating
genomic DNA from the
EDTA whole blood
samples with the QlAamp
DNA Blood Mini Kit spin
procedure. The DNA
fragment spanning the -
13910-C/T polymorphic
site was genotyped by
pyrosequencing, using a
PSQ96 SNP reagent Kit
and a PSQ 96MA system
(Pyrosequencing AB)
PSQ96MA 2.0.1 software.

Country

Sweden

Year of data
collection

1998-1999

in 94 subjects. 39 subjects in total
reported milk avoidance,
adolescents reporting it more
commonly than children (n=34):
the OR for subjects with LNP
compared with LP subjects was
3.2 (95% Cl 1.5, 7.3, P = 0.003),
with sex and LCT-13910 C > T
genotype as covariates in the
model.

Summarized, the main findings
was that LNP subjects had a lower
milk consumption, a lower daily
energy intake based on these
products, and a lower calcium
intake. There were no difference in
total energy intake, vitamin D
intake or anthropometric features.
It is however noted that vitamin D
intake were below the
recommendations issued by the
Swedish National Food Agency in
both LP and LNP subjects.

Reference: Almon R, Sjéstrom M, Nilsson TK. Lactase non-persistence as a Design: Case-
determinant of milk avoidance and calcium intake in children and adolescents. J Nutr Sci. | control study
2013;2:e26. GRADE: oo
Objective Methods and material Results Discussion/comments
To observe Swedish children (n=298, The genotype LCT-13910 CC This study compares how
whether there | mean age: 9.6) and (associated with LNP), was found [LNP and LP status affects

milk consumption, calcium
intake, vitamin D intake,
energy intake and
anthropometric features.
Results suggest LNP subjects|
had a lower milk
consumption, a lower daily
energy intake based on these
products, and a lower calcium
intake.

The main limitations are the
sample size and the age of
onset of LP that can vary
regionally and with ethnicity,
this reduces the precision of
the results. Additionally,
almost all children and a
majority of the adolescents
consumed milk to some
degree, despite having LNP,
and some LP subjects
avoided milk completely due
to other health reasons or
preferences.

The authors does not note
that participation rate in all
Sweden for the European
Youth Heart Study as a
whole, was 50%, increasing
the risk of selection bias.
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GRADE 4

Reference:

Hallert C, Grant C, Grehn S, Granné C, Hultén S, Midhagen G, et al.
Evidence of poor vitamin status in coeliac patients on a gluten-free diet for 10 years.
Aliment Pharmacol Ther. 2002;16(7):1333-9.

Design: Case-
control study

GRADE:

DD

Objective

Methods and material

Results

Discussion/comments

To assess the
vitamin
nutrition status
of a series of
coeliac
patients living
on a gluten-
free diet for 10
years.

Conclusion

The findings
suggest that
subjects on a
gluten-free
diet for several
years have a
higher risk of
developing a
poor vitamin
status.

Country

Sweden

Year of data
collection

1984-1996

Patients from a coeliac
cohort (n=47) diagnosed at
6 gastroenterology units in
Sweden (between 1884-
88) were invited to this
study if they were
characterized with a
proven healed intestinal
mucosa 8-12 years after
diagnosis and start of
gluten-free diet. This
resulted in a sample size of
30 subjects. Patients
unwilling to participate or
who used folate
supplementation were
excluded.

Blood samples such as
folate, vitamin B2,
pyridoxal 5-phosphate and
homocysteine were drawn
at routine laboratory
investigations. Normative
total plasma homocysteine
values, as determined by
high-performance liquid
chromatography, were
obtained from a general
Nordic population sample
aged 43-64 years
(n=592).

Compliance with a gluten-
free diet was evaluated by
histological evidence of
remission. 25 of the 30
subjects showed normal
histology, and 5 showed
borderline histology. The
patients also submitted a
4-day food record from a
holiday using household
measures, which were
used as dietary history.
The patents were also
measured in height and
weight, and filled out a
form covering current
medications, physical
activity and smoking
habits. This was used to
calculate basal metabolic
rate, and to register energy
intake.

30 subjects (18 females, 12
males) aged between 45-64 years,
were included in this study. The
control group consisted of a
general Nordic population sample
aged 43-64 years (n=504, 50%
females).

Male coeliac patients had a mean
homocysteine concentration of
13.6 pmol/L compared to 11.2
pumol/L in the male control group,
and female coeliac patients had a
mean value of 10.8 umol/L
compared to 9.9 ymol/L in female
controls.

Low pyridoxal 5'-phosphate levels
were seen in 11 subjects (37%;
95% ClI, 20-54), low plasma folate
in 6 subjects (20%; 95% ClI, 6-34)
and low plasma vitamin B-12 in
none of the subjects. The total
plasma homocysteine level had a
negative correlation with pyridoxal
5'-phosphate (r=-0.50) (P<0.01),
folate (r=—-0.46) (P<0.01) and
vitamin B-12 (r=-0.01).
Multivariate analysis showed that
33% of the variation in the total
plasma homocysteine
concentration could be explained
by the plasma pyridoxal 5"
phosphate and folate levels (F
ratio=5.87) (P<0.008).In a total of
14 subjects (47%; 95% Cl, 29-65)
there were observed a low
pyridoxal 5-phosphate level (n=8),
a low folate level (n=3) or both
(n=3).

The mean intake of vitamin B12
were lower in coeliac patients
compared to the control group
(P<0.05). There were poor
correlations between vitamin
intakes and plasma levels
(r<0.18).

Summarized, there were sign of
poor vitamin status in 56% of the
coeliac patients.

This study suggests that
subjects on a gluten-free diet
for several years have a
higher risk of developing a
vitamin deficiencies, notably
folate deficiency.

A new finding in this study is
a raised plasma
homocysteine level in coeliac
patients, which is linked to
increased risk of
cardiovascular disease, as
well as being an indication of
poor vitamin status. Further
research on this is needed.

The authors note that the 4-
day food records may be
subject to bias, such as the
subjects changing dietary
habits or underreporting.
Furthermore, it is noted that
vitamin losses through
industrial and household food
processing are currently
unknown, as is the vitamin
bioavailability in humans.

Strengths of the study include
the 10-year follow-up, and the
use of intestinal biopsy to
assess adherence to the
gluten-free diet. The coeliac
cohort had an unremarkable
number of concomitant
diseases similar to others,
and should not have affected
the total homocysteine levels.

Limitations that the authors
note are possible dietary
changes during the years,
and that the findings are
limited to a Nordic diet, as
this was the diet consumed
by the subjects. Further
research is needed to
conclude with the full effect of
a strict gluten-free diet on the
vitamin status.
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GRADE 5

Reference:

Wild D, Robins GG, Burley VJ, Howdle PD. Evidence of high sugar
intake, and low fibre and mineral intake, in the gluten-free diet. Alimentary Pharmacology
& Therapeutics. 2010;32(4):573-81.

Design: Case-
control study

GRADE:

DD

Objective

Methods and material

Results

Discussion/comments

To assess the
nutritional
composition of
a gluten-free
diet (GFD),
compared to a
non-GFD in a
representative
non-celiac
population.

Participants were patients
with diagnosed celiac
disease, that had been on
a GFD for 6 months or
more prior to the project.
Dietary compliance was
evaluated through a
dietitian review and self-
reporting. The subjects
completed a 5-day food
diary (including 3
weekdays and 2 days at
the weekend), where the

Conclusion

EPIC validated food diary

This study
suggests an
adequate
energy intake
in subjects on
GFD, with a
higher
proportion of
energy coming
from

Females on a
GFD had a
lower intake of
magnesium,
iron, zinc,
manganese,
selenium and
folate
compared to a
local control
population. A
higher
percentage of
males on a
GFD fail to
rech
recommended
intakes of
magnesium
and selenium.

carbohydrates.

was used. There were
given instructions at the
time of recruitment and a
follow-up phone call by the
dietitian. Participants’
heights and weights were
measured, and used to
calculate BMI and end
energy requirements.
Routine blood samples for
micronutrient levels were
drawn. A basal metabolic
rate was calculated, but
since the participants did
not report their physical
activity level, it was only
assumed that all subjects
were sedentary. There was
no direct significance on
the interpretation of the
data contained within the
food diaries, due to the
missing data regarding
physical activity levels —
this was only used for and
affected the assessment of
under- and over-reporting
in the food diaries.

Nutrient data from 256
females and 195 males
from the National Diet and
Nutrition Survey (NDNS)
selected from Northern

Country

region (2000-2001, age

The UK

ranging between 19 to 64)

Year of data
collection

was utilized as the control
population. Additionally,
the UK Women’s Cohort

January 2007
— May 2008

Study (UKWCS) were used
as a control group in some

cases.

100 of the 139 recruited returned a
food diary, 7 of these were
excluded as they did either
contained significant amounts of
gluten (1 male, 2 females) or were
not detailed enough and therefore
could not be analysed (3 males, 1
female). The 93 diaries (62
females, 31 males) that met the
inclusion criteria had a mean age
of 53 (21-79) for females and 56
(18-74) for males.

Females on a GFD consumed a
significantly (P<0.05) higher
amounts of macronutrients
compared to an age and gender
specific local population
(carbohydrates covering a higher
proportion of the energy intake).
Compared to the UKWCS women
on a GFD had significantly
(P<0.05) lower fibre intake, but no
significant difference in
macronutrients intake. Males on
GFD consumed higher amounts of
energy and a lower amount of
fibre compared to the NDNS
control group.

Females on GFD consumed
higher amount of calcium and
magnesium compared to the
UKWCS subijects, but a lower
intake of magnesium, iron, zinc,
manganese, selenium and folate
(P<0.05) compared to the NDNS
controls. No overall difference was
seen between the female groups
in regards of meeting dietary
reference levels for nutrient intake,
except for a lower percentage of
females on GFD meeting the
reference level for selenium (11%
vs 35%) and magnesium (31% vs
71%) compared to the control
group. There were no comparable
group for the males in regards of
micronutrient intake. It is however
noted that a certain percentage of
males on GFD do not meet the
recommended intake for
magnesium (23%) and selenium
(6%).

This study suggests that
females on a GFD have a
higher intake of energy
(which is also seen in the
male population on GFD),
calcium and magnesium
(P<0.05) compared to a local
population, but a lower intake
of fibre, magnesium, iron,
zinc, manganese, selenium
and folate (P<0.05) with no
significant difference in
energy intake, compared to
the UKWCS controls. This
suggests that females on
GFD make less nutrient
dense energy food choices in
their diet.

The strengths highlighted by
the authors is that all subjects
had been on a GFD for 6
months or more (median time
was around 7 years for
males, 9.5 years for females),
that the nutritional
composition of gluten-free
foods were verified by
manufacturers, and the food
intake were compared with
comparable populations.

There are several limitations
that the authors underline.
Including that it is a relatively
small sample size, that one of
the control groups (the
UKWCS) is a health-
conscious cohort of middle
aged women, and that both
control groups had an
underrepresentation of
younger subjects. It is also
noted that the use of self-
reported 5-day food diary
contain several limitations.
Self-reporting generally is
prone to information bias, and
may cause over- and
underreporting. It is also
suggested that a food diary
less than a week is too short
to be able to evaluate intakes
of vitamin, minerals, and
trace elements.
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