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Abstract

Background: Overweight and obesity in childhood doubles the risk of becoming overweight
as an adult, as well as it increases the risk of related comorbidities. Cardiovascular diseases
are a consequence of obesity and the most common cause of death worldwide. Diet and
physical activity are modifiable causes of overweight. Overweight and obesity should be

prevented, but treatment must be optimized as well.

Aim/objective: Describe dietary characteristics at baseline and 24-month for children
participating in an overweight and obesity intervention. Further, evaluate which dietary
changes that are effective for Body Mass Index Standard Deviation Score (BMI SDS)

decrease and improvement in metabolic measures.

Methods: We used data from Finnmark Activity School (RCT) conducted from 2009-2013.
83 children were eligible for this thesis and included in our analysis. Data were collected
through a food frequency questionnaire (FFQ). Anthropometrical and metabolic were
measured by standardized methods. Change variables were made for BMI SDS, total
cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides, blood pressure and dietary
variables. Baseline characteristics were included to describe participant’s diet at baseline. We

analyzed our data as a prospective cohort.

Results: Participants diet was round about similar to data from nationwide studies. Mean
decrease in BMI SDS were -0.13 units (p=0.006) and total cholesterol decreased by -

0.39 mmol/L (p=0.001). Intake of snacks and fast-foods decreased by 0.75 (p=0.010) and 0.26
times/week (0.036). Linear regression analysis showed no association between dietary
change-variables and change in BMI SDS. In addition, no association were found between
dietary change-variables and changes in total cholesterol. Logistic regression showed no

increased or decreased OR for change in blood-pressure from changes in diet.

Conclusion: The decrease in BMI SDS and total cholesterol shows that the intervention was
successful. However, due to limitations in our methods we cannot conclude that this effect
was caused by changes in dietary intake. Future research should focus on accurate collection

of dietary data, which is appropriate for the current age-groups involved
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Sammendrag

Bakgrunn: Barn med overvekt eller fedme har okt risiko for a f4 overvekt i voksen alder, 1
tillegg oker risikoen for relaterte konsekvenser som blant annet kardiovaskulere sykdommer.
Arsakene til overvekt og fedme er multifaktorielle og komplekse, men kosthold, fysisk
aktivitet og stillesittende adferd er blant arsakene som kan endres. Overvekt og fedme blant

barn og unge bor forebygges, men optimalisering av behandling er like viktig.

Hensikt: Beskrive kostholdet til deltakerne ved baseline og 24 méneder. Undersgke om
utvalgte kostholdsendringer er assosiert med endring i1 grad av overvekt og metabolsk profil

(maélt ved lipider og blodtrykk) hos barn som er under behandling for overvekt og fedme.

Metode: Vi benyttet data fra Aktivitetsskolen 1 Finnmark (RCT) som ble gjennomfert for
barn med overvekt og fedme fra Troms og Finnmark 2009-2013. Data om grad av overvekt,
blodlipider, blodtrykk og kosthold fra baseline og 24 méneder ble benyttet 1 denne studiens
analyser. Endringsvariabler ble laget for bade kosthold, grad av overvekt (KMI SDS) og
metabolske mélinger. Baseline karakteristikk, lineer regresjon og logistisk regresjons —

analyser ble gjennomfoert og data ble analysert som en kohort.

Resultat: Deltakerne hadde en gjennomsnittlig nedgang 1 grad av overvekt pa -0.13 enheter
(p=0.006). Total kolesterol hadde en nedgang pé -0.39 mmol/L (p=0.001). Inntak av fast-food
og snacks gikk ned med tilsvarende -0.26 (p=0.036) og 0.75 (p=0.010) ganger/uke. Lineaer
regresjon viste ingen sammenheng mellom endring 1 grad av overvekt og endring i inntak av
kostholdsvariablene. Tilsvarende var det ingen sammenheng mellom endring i total kolesterol
og kostholdsvariabler. Logistisk regresjon viste ingen okt eller redusert OR for

blodtrykksendring ved endring i kostholdsvariabler.

Konklusjon: Nedgangen i grad av overvekt og total kolesterol viser at intervensjonen hadde
en effekt. Vi kan ikke med sikkerhet si at denne effekten kom av kostholdsendringer, pa
grunn av svakheter i metodene for & samle inn kostholdsdata. For videre forskning ber fokuset
ligge 1 ngyaktig innsamling av kostholdsdata, med metoder som passer for den yngre
populasjon. Fysisk aktivitetsnivd og endring ma ogsa tas i betraktning 1 intervensjonsstudier

for overvekt og fedme.



Abbreviations

BMI = Body mass index

BMI SDS = BMI standard deviation score

BP = Blood-pressure

CVD = Cardiovascular diseases

DXA = Dual-energy X-ray absorptiometry
E% = Percent of energy intake

HBSC = Health Behaviour in School Children
Iso-BMI = age and gender adjusted BMI values
IOTF = International Obesity Task Force
NIPH = National Institute of Public Health
WHO = World Health Organization

24-HDR = 24-hour dietary recall
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1 Background

Childhood overweight and obesity doubles the risk of becoming overweight or obese as adult
(1-3). Additionally, childhood obesity is associated with increased mortality from
cardiovascular disease later in life - explained by an accumulation of cardiovascular risk
factors such as hypertension and dyslipidemia (4-7). Most of the worlds’ population live in
countries were overweight takes more lives than underweight (8). Prevalence is increasing in
in low - and middle-income countries but seems to be stable at high levels in the United States
and Europe (8). Additionally, those who have overweight or obesity seems to stay overweight

or obese (1-3).

There are various underlying explanations for why a person develops overweight or obesity
(9). Multidisciplinary interventions are considered the most appropriate treatment method for
the younger population (10, 11). Treatment often aims to stabilize rapid weight gain by
increasing physical activity, promoting healthy eating and decreasing sedentary behaviour and

unfavorable food-choices (12).

Researchers and health workers strive to find the best fitted treatment for overweight and
obese children, but due to the various causes and individual differences there may not be a
one-fits-all model (10). Main aim should be prevention however we also need to improve
treatment for those already affected by childhood obesity. In order to maximize the effect of
treatment we need to explore and evaluate all aspects of management including dietary

changes for children undergoing treatment.



1.1 Childhood overweight and obesity

1.1.1 Definition

According to the World Health Organization (WHO) overweight and obesity is defined as
“abnormal or excessive fat accumulation that may impair health” (8). For the adult population
overweight is referred to as a body mass index (BMI) over 25 kg/m? while obesity and severe

obesity is defined as BMI over 30 kg/m? and 35 kg/m? respectively (13).

We cannot interpret a child’s BMI the same way as for adults, this because children are
growing and have a reduced muscle — and skeletal mass (12). Overweight in terms of BMI for
the younger population varies with age and differ between genders. Age - and gender adjusted
BMI values, referred to as iso-BMI, are developed for children and adolescents. Iso-BMI
values for children in between 2 to 18 years are presented in appendix 1 (14). In addition,
several countries, the international obesity task force and WHO have developed weight
standards that are used in clinics and research (15-17). Moreover, in childhood overweight
and obesity research, overweight is often referred to in terms of BMI SDS. Which describes a
persons’ weight according to how many standard deviations one is above or below the
average person within same age and gender in a given reference population (18). BMI SDS is
a common method of defining overweight and obesity among children in epidemiological

settings, because it is standardized and comparable across age and gender (18, 19).

1.1.2 Prevalence

According to the World Health Organization worldwide obesity has tripled since 1975 (8).
Over 340 million children and adolescents globally in ages 5-19 years, were considered
overweight or obese in 2016. In between 15 and 20% of Norwegian children are considered to
have overweight or obesity, while approximately 25% of young adults are overweight or

obese (11, 20).

According to the National Institute of Public Health (NIPH) the prevalence of childhood
obesity and adolescent obesity seem to be higher in the northern most region of Norway (20).
NIPH also states that prevalence of Norwegian children having overweight or obesity seems
to be 50% higher in rural areas, compared to urban areas (20). This demographic difference in

distribution of overweight and obese citizens is also seen in other countries, e.g. research form
2



the United States shows a greater number of citizens having overweight or obesity in rural

areas compared to the cities (21).

As for the global overweight — and obesity trends, the proportion of overweight and obesity
seems to have stabilized at high levels in Norway and other North-Western countries (22).
The Child Growth Study from NIPH reports that the percentage of schoolchildren having
overweight or obesity has been stable over the last decade. Among 3™ grade school children,
prevalence of overweight is 14% among girls and 11% among boys, while prevalence of

obesity is 3% among girls and 2% among boys (20).

There are no nationwide prevalence-studies of the Norwegian populations weight-
development over time but the studies we do have (Tromsg-study og HUNT) indicates that a
majority of the adult population has overweight or obesity today (20). Additionally, the same
studies indicate an alarming high prevalence of overweight and obesity among the young

adults.

1.1.3 Measuring overweight and obesity

Methods to measure body-composition varies in terms of precision, expenses and availability
(23). In this thesis body-composition refers to the various compartments our body consist of:
atoms, cells and tissue that makes up water, organs, bones and muscles (24). We can measure
these compartments separately or as one whole (e.g. weight). Weight and height are both
inexpensive and less time-consuming compared to other existing methods and are most
frequently used in both clinical and epidemiological settings. Height and weight are usually
calculated into BMI and BMI SDS (25). BMI is an accepted measure of overweight and
obesity, although it does not provide information about the distribution of fat (26). Waist-
circumference is the recommended method for assessing central obesity (24). But as for BMI,
waist circumference and the risk of disease is highly dependent on age and gender. Waist-
circumference is an objective method, but the approach can easily bias the result - even if
measurements are done by the same personnel there are always a risk of incorrect
measurement which can lead to wrongful results. To this day, waist-circumference is often

used as a measure to follow-up effect of treatment, but not as diagnostic criterium in children

(12).



Other methods to measure overweight and obesity includes densitometry, dual-energy X-ray
absorptiometry (DXA), skinfold measurements, bioelectrical resistance (BIA), computed
tomography (CT) and magnetic resonance imaging (MRI) (23, 25). There are advantages and
limitations to each method and what method is chosen varies from clinical settings to
epidemiological research settings. In clinical routine practice anthropometrical measuring-
methods, such as weight and height, are often used instead of the gold standards; MRI and CT
(27).

1.2 Causes of childhood obesity

CAUSES Adult obesity
Psycosocial .
problems INTERMEDIATE PROCESSES | CONSEQUENCES
_ UfeS(Y!EZ » >  Hypertension and dyslipidemia ~— | Cardiovascular disease D
Diet, physical activity,
Sedentary behaviour ()
Genetics and |—s  Insulin resistance —> Type 2 diabetes D
epigenetics
Childhood
Obesogenic" \____ 5 overweight and Low self-est ™ Ppsycosocial problems ;
environment obesity
Gut-bactﬁna > | Increased mechanical load > Sleep apnoea, orthopaedic problems <1
Composition
Socioeconomic
Physical handicap <«
status
Increased cancer risk <«

Figure 1: Causes and consequences of childhood overweight and obesity

Figure 1 Illustrates causes of childhood overweight and obesity (explained further in sections below) and intermediate
processes and consequences. Childhood obesity doubles the risk of adult obesity which also is established risk-factor for the
mentioned consequences of overweight and obesity. The figure is modified from the following review article by Weihrauch-
Bluher et al. (28).

The practical explanation for overweight and obesity is a positive energy-balance over time
(12). If energy-intake is high while energy-consumption is low, remaining energy will be
stored within the body as fat tissue. The underlying causes for this energy-imbalance is
multifactorial and complex (29-32) The relationship between genetics, environment and
behavior seems to be essential (33). Psychological disorders are also proven to be associated
with the development of obesity. According to a meta-analysis by Mannan et al. the
association between depression and obesity seems to be bi-directional — meaning depression
may lead to obesity and obesity may lead to depression (34). Socioeconomical status is also
found to be associated with overweight and obesity, where children from families with lower
socioeconomic state have a higher prevalence of overweight and obesity compared to children

from families with higher socioeconomical state (31).
4



Gut-bacteria composition has received attention over the last years as a potential cause of
overweight and obesity (35, p.72). Studies have showed that lean people have a better suited
bacterial-composition in their gut than people with an overweight. Scientists believe that an
imbalanced gut-bacteria composition may be a cause of overweight — and obesity
development explained by disturbances in processes in the gut which is related to weight-gain

(36).

1.2.1 Genetics and epigenetics

There is evidence to support genetic background to be central in the development of
overweight and obesity (33). The molecular pathways underlying genetic causes of obesity
are still not fully understood, but association-studies have found polymorphisms associated
with obesity (37). Single nucleotide polymorphisms (SNPs) are DNA sequence variations that
occur when a single nucleotide in the genome sequence is altered. It is believed that some
SNPs may affect biological functions such as regulation of energy-balance. Genetic
disturbance resulting in SNPs may affect intake of foods through increased appetite and

increased feeling of hunger (38).

Another type of genetic disturbance referred to as “monogenetic disorders” are rare in obese
children (presence in 3-5% of obese children) (33). The most common monogenetic disorder
is called MC4R-mutation. MC4R-mutation influences the long-term maintenance of weight-
loss which may explain why some people have troubles maintaining weight-loss over a longer

period of time.

To summarize, genetic background has an important role in developing and maintenance of
overweight and obesity. It is important to be aware of potential genetic causes in cases where
lifestyle interventions are not successful, this might be because of an unfavorable genetic
background (33). Genes alone cannot explain the rapid development of overweight over the
last decades — since overweight and obesity have rapidly increased in a genetically stable
population other causal aspects must be evaluated (39). Environmental causes of overweight
and obesity include both current environment and former fetal and postnatal environment.

Both may be causal in the development of overweight and obesity (40).

Epigenetics refers to processes that induce heritable changes in gene expression without
altering DNA sequence (33). According to Lillycrop et al. epigenetic processes are integral in

5



determining when specific genes are expressed and alterations in epigenetic regulation of
genes may lead to changes in phenotype (40). The most important epigenetic processes
include DNA methylation, modifications of the histones on which DNA winds and micro
RNA (40). Existing evidence strongly support fetal and early postnatal environment to partly
influence these epigenetic processes and by that increasing the risk of developing obesity later
in life. Environmental factors proven to have an effect on epigenetic processes are: Over —
and undernutrition during pregnancy, gestational diabetes, maternal smoking during
pregnancy, elevated birth weight, rapid weight-gain in early life and feeding practices

(40, 41).

1.2.2 Obesogenic environment

In addition to fetal and postnatal environment the current environment children are growing
up in may have causal impacts on the development of overweight and obesity (42). The term
“’Obesogenic environment’’ is often used to describe an environment identified with chronic
positive energy balance. Environmental changes and a transition to a more modern
environment has led to a lifestyle characterized by sedentary behavior, easy access to high
energy-dense foods and low levels of physical activity (43). In other words, an environment
that promotes the development of overweight and obesity. “The national guidelines for
prevention, identification and treatment of children with overweight and obesity” reports an
increase in sedentary behavior, and a decrease in levels of physical activity among Norwegian
school children (12). Norwegian school-children are often being transported by car to school
and after-school activities, even if the distance from home to school is under one kilometer
(12). The guidelines also describe that Norwegian children are at top of the statistics when it
comes to sedentary behavior: 11-16-year-old boys are sitting still up to 40 hours per week
(44). A meta-analysis by Marshall et al. found an association between time spent in front of a
screen and overweight and obesity (45). Additionally, a recent study from 2020 demonstrated
that risk of obesity among children who were genetically vulnerable to overweight and
obesity development, increased by some particular environmental and sociodemographic
factors (31). For example, increased screen-time seemed to increase the risk for overweight

and obesity among genetically vulnerable children (31).



1.2.3 Dietary risk-factors

According to WHO the fundamental reason for overweight and obesity is “a shift in diet
towards an increased intake of energy-dense foods that are high in fats and sugars” .... “And a
trend towards decreased levels of physical activity” (8). Diet is defined as consumption of
foods over a period of time and varies among individuals and within individuals (46, p.20).
Depending on the components of our diet it may contribute to an increased or decreased risk
of non-communicable diseases such as cardiovascular diseases and type 2 diabetes

(46, p.334). Total energy-intake is associated with the development of overweight and obesity
(20).

High energy-dense foods are typically foods that are high in sugars and/or saturated fats, and
often low in fiber, e.g. fast-foods, candy and chips (47). A shift in diet toward an increased
intake of such foods combined with low levels of physical activity may easily lead to an
energy intake higher than requirements (i.e. development of overweight). On the contrary,
low energy-dense foods have low levels of calories per gram and are typically foods like fruit,

vegetables and legumes. These types of foods are associated with better health outcome (48).

Over the last 100 years dietary trends have changed substantially among the Norwegian
population (49). Several dietary items are associated with increased energy-intake in people,
but very few specific food items are found directly associated with the development of
overweight and obesity (50). Sugar-sweetened beverages and typical high energy-dense foods

such as fast-foods and snacks, are found to be associated with weight-gain. (39, 50-52)

Intake of sugar-sweetened beverages have increased in line with the obesity pandemic and is
associated with the development of overweight and obesity in children (53, 54). According to
a nationwide report, Ungkost-3, Norwegian children (4" and 8" graders) consume 1,5-2
dl/day of sugar-sweetened beverages (55). However, the recent publication “Development in
Norwegian diet” reported a decrease in wholesale consumption of sugar-sweetened sodas by
19% from 2015 to 2018 (56). According to the Norwegian HBSC-study the percentage of
boys consuming sugar-sweetened beverages >5 times/week is increasing by age (57). The
suggested mechanism for weight-gain in relation to high intakes of sugar-sweetened
beverages include: a lack of stimulation of satiety when consuming caloric drinks instead of
solid foods, which may lead to an excessive energy-intake (51). A direct impact of
lipogenesis, insulin secretion and leptin production — which independently can increase

weight-gain (58).



In addition to sugar-sweetened beverages, fast-foods have become more accessible in line
with prevalence of obesity worldwide and high consumption of fast-foods have been linked to
weight-gain (39). There are several mechanisms that may contribute to fast-food being a
dietary risk factor for overweight and obesity: Fast foods are high energy-dense foods
containing elevated levels of saturated fat, sugars and salt (39). The portion sizes are often
large which easily can contribute to excessive energy-intake (59). Fast-foods have high
palatability and its primordial taste easily makes it a more preferable food (39). In addition,
fast-foods are associated with emotional eating (EE) - a term used to describe eating caused
by emotional distress instead of actual hunger (60). Emotional eating may come as a result of

phycological disorders, such as depression (60)

Main sources for saturated fat in Norwegian diet are whole fat dairy, meat and processed
meats and butter/margarine (55). Fast-foods usually contains several of the components
mentioned above. The dietary surveys of the Norwegian population show that some aspects of
diet have improved over the last decades but overall, we still eat too much of foods that are
not recommended to consume at a high level. This represents a concern for public health and
particularly for the younger population who are in a period of life where lifelong dietary

habits are shaped (61).

A diet corresponding to the Norwegian dietary guidelines is associated with a healthy lifestyle
and decreased risk of non-communicable diseases and the development of overweight and
obesity (61). The report “Ungkost-3” from 2015/16 — a report of Norwegian 4™ and 8" grade
children’s diet shows that the young population follow the national dietary recommendations,
although their intake of saturated fat, added sugar are a high while intake of fruit, vegetables
and fish is low (55). The Norwegian HBSC-study states that children from families with
higher socioeconomical status tend to eat more fruit and vegetables, and they tend to have a
lower consumption of soda and candy (i.e. a healthier diet compared to families with lower
socioeconomical status) (57). This corresponds to findings from Hiils et al. where low intake
of fiber were associated with the development of overweight and obesity in children who
were genetically vulnerable for overweight development (31). Sources to dietary fiber are
among other foods, fruit and vegetables (62). According to the report “development in
Norwegian diet” the proportion of 15-year old who eat at least 1 fruit a day has declined from
2009-2018 (56). Among 11-year old in Norway about 40% of girls eat fruit on a daily basis,
and about 42% eat vegetables daily. For boys the same age 36% eat fruit and 37% eat

vegetables daily. These numbers correspond to findings by Kolle et al. which showed
8



percentage of Norwegian 6-, 9- and 15-year old’s having a daily intake of fruit and vegetables

to be approximately 30-35% (63).

To sum up dietary causes of overweight and obesity; there are numerous potentials causes to
overweight and obesity, they are also complex and not fully understood to this point. An
unhealthy diet is associated with both development of overweight and obesity, as well as

increased risk of adverse consequences (61).

1.3 Consequences of childhood overweight and obesity

Childhood overweight and obesity is related to several negative health effects, including both
physical and psychological consequences (11). Hypertension, dyslipidaemia, musculoskeletal
conditions due to an increased mechanical load, respiratory conditions (sleep-apnoea and
asthma), insulin resistance and psychological problems are common consequences of
childhood overweight and obesity (4). Common psychological disorders in children with
overweight or obesity are anxiety, depression, behavioural problems as low self-esteem.
Depression is found to be bidirectional in terms of occurrence — meaning it is an increased
risk of developing overweight if one has depression and an increased risk of depression if one
has obesity (34). Overweight — and obesity related consequences such as hypertension,
dyslipidaemia and insulin resistance have earlier been referred to as typical adult
consequences (5, 6, 64). These consequences are now becoming more prevalent in the
younger population — establishing themselves as childhood consequences of overweight and
obesity (64). Hypertension and dyslipidaemia are risk factors for developing cardiovascular

diseases, which usually occurs in adult age (5, 65).

Cardiovascular diseases are the most common cause of death nationally and globally and
takes an estimation of 17,9 million lives each year (66). According to WHO, four out of five
deaths are caused by heart-attack or stroke, and about 33% of deaths affecting people <70
year (66). Cardiovascular diseases are the most common cause of death in Norway, although
mortality-rates have decreased by 80% for people <65 years over the last 40 years (35, p.125).
Most common cardiovascular diseases are atherosclerosis which commonly leads to stroke
and heart attack (67). Atherosclerosis is a result of having dyslipidemia (explained in chapter

1.3.1). Being overweight in childhood and bringing the excess weight into adult life may



increases the risk of having medical conditions such as dyslipidemia over time, which

increases the risk of CVD further (68).

1.3.1 Dyslipidemia

Dyslipidemia is characterized by an abnormal lipid profile that increases the risk of
atherosclerotic cardiovascular diseases (69, p.648). This is characterized by either high levels
of total cholesterol and/or LDL-cholesterol and/or low levels of HDL-cholesterol. One can
measure the concentration of Total-c, LDL-c and HDL-c by blood samples. Dyslipidemia is
seen more and more rapidly in the younger population and in relation to those having
overweight or obesity (70). The condition is also seen in relation to high intakes of saturated -
and trans fats (70). The normal range of blood lipids change as we grow and mature;
acceptable, borderline and high levels of lipids in plasma will therefore vary from childhood

to adulthood. Table 1 presents acceptable, borderline and high levels of lipids in children.

Table 1: Acceptable, borderline and high levels for Total cholesterol, LDL-c, HDL-c and Triglycerides.

Acceptable Borderline High

mmol/L mmol/L mmol/L

Total Cholesterol 4.4 4.4-5.2 5.2

LDL-C 2.8 2.8-33 34
TG

= (0-9years 0.8 0.8-1.1 1.1

= 10-19 years 1.0 1-1.5 1.5

HDL-C 1.2 1-1.2 1.0

Values given are in mmol/L and mg/dl. The figure is modified from a report by Expert Panel on Integrated Guidelines for
Cardiovascular Health and Risk Reduction in Children and Adolescents (71). First found at Uptodate (70). Note that these
values are consisted with guidelines of the National heart, lung and blood Institute, The American Academy of pediatrics, and
the American Heart Association / American College of Cardiology. These values are not validated as accurate predictors for
accelerated atherosclerosis or CVD.

Lipids are insoluble in water and cannot transport themselves in plasma without functional
transporters, known as lipoproteins (72, p.275). The most common lipoprotein is the LDL-
particle (35). Lipids (e.g. cholesterol) binds to lipoproteins, which then transports the
cholesterol molecule through the blood-flow. All lipoproteins < 70 nm in diameter containing
Apo-B can pass the endothelial barrier and arterial walls (67). Lipoproteins trapped in arterial

walls will result in lipid deposition and initiation of arterial plaque. People who have a higher
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level of lipoprotein LDL will have a faster lipid deposition and possibly more rapid

development of atherosclerotic plaque (67).

HDL-cholesterol forms in peripheral tissue where free cholesterol and phospholipids binds to
Apolipoprotein Al (67). Apo-Al moves from peripheral tissue to the liver where cholesterol
is excreted as bile. HDL-c is often referred to as the good cholesterol and while LDL-c are
causally and cumulative associated with increased risk of cardiovascular disease, HDL-c has
to recent time been inversely associated with cardiovascular risk. Recent reports are not
completely sure about the inverse association between HDL-c and cardiovascular risk,
because increased levels of HDL-c are often seen in parallel with decreased levels of LDL-c
(67). A great amount of resources has been used to develop medications meant to increase
levels of HDL-C, but these have not proven to be effective in decreasing risk of
cardiovascular diseases which contradict the inverse association (35). To summarize, a

correction of abnormal lipid profile in childhood reduces the risk of CVD in adulthood (70).

1.3.2 Hypertension

Hypertension is a condition were the pressure from blood flow to the arterial wall is elevated
(73). Hypertension in adults is an established risk factor for cardiovascular diseases while
hypertension in children increases the risk for hypertension in adult life, which includes an

increased risk of atherosclerosis and cardiovascular death (74, 75).

Initially hypertension was known as an adult consequence of overweight and obesity but over
time it has become more prevalent in the younger population (76). We distinguish between
primary and secondary hypertension (75). Primary hypertension is defined as elevated blood
pressure that cannot be explained by a secondary cause, while secondary hypertension is
caused by another medical condition. Primary hypertension comes as a result of increased
thickness in the arterial walls and arterial stiffness, which leads to an increased pressure
against the arterial wall. Table 2 presents borderline values (measured in mmHg) for both
systolic and diastolic blood pressure corresponding to the 90" and 95" percentiles for ages 6-
16 years. Blood pressure in between the 90"-95" percentile for age and gender corresponds to
elevated blood pressure, while blood pressure over 95" percentile for age and gender is

classified as hypertension (77, 78).

11



Table 2: 90th and 95th percentiles for systolic and diastolic blood-pressure for ages 6-16 years

Age 6 7 8 9 10 11 12 13 14 15 16
Girls
Percentiles
SBP 90 107 108 111 113 115 117 119 121 122 124 125
95 111 113 115 117 119 121 123 125 126 128 128
DBP 90 69 70 71 73 74 75 76 78 79 79 80
95 73 74 75 77 78 79 80 82 83 83 84
Boys
SBP 90 110 111 112 113 115 117 119 122 125 127 130
95 114 115 116 117 119 121 123 126 128 131 134
DBP 90 70 72 73 74 75 76 77 77 78 79 81
95 74 76 77 79 80 80 81 82 82 83 85

The table shows 90th and 95th percentiles for systolic blood pressure and diastolic blood pressure for boys and girls in ages
6-16. 50th percentiles for height is used to calculate the values for each percentile. The table is modified from “The national
guidelines for prevention, assessment and treatment of children with overweight and obesity” from the Directorate of Health
(12). Abbreviations: SBP = systolic blood-pressure, DBP = diastolic blood-pressure. BP = Blood pressure.

1.4 Treatment
Interventions to treat obesity can occur at many levels; surgical, pharmacological and
behavioural (10, 79). Given the complex causes of obesity there may not be a one-fits-all

treatment-method and optimal treatment method may vary among individuals (10).

1.4.1 Surgical and pharmacological treatment

Surgical treatment (e.g. bariatric surgery) is not common treatment of obese children but seen
in some studies of morbid obesity in adolescents (80). The most common bariatric procedures
are gastric sleeve, gastric banding and gastric bypass (10). An RCT conducted with Australian
adolescents investigated the effectiveness of bariatric surgery (gastric banding) compared to
lifestyle interventions and proved a greater body weight loss as a result of surgery (80).
Despite these findings there is need for more research within this field. Pharmacological drugs
that have proven to be effective, Sibutramin and Orlistat, are not currently on the marked (10).
Sibutramin is not approved by the European Medicine Agency and was withdrawn from
market due to its adverse cardiovascular effects. Orlistat is approved, but not for children
under the age of 12. New potential drugs that are targeting appetite regulation are currently

being developed or assessed (10).
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1.4.2 Lifestyle interventions

Lifestyle interventions are defined as “diet and exercise interventions that involve the use of
behavioural techniques’’ (81). Lifestyle interventions are the least invasive form of treatment
and recommended as primary treatment for overweight and obese children in Norway (12).
Lifestyle interventions has its benefits of tackling all aspects of manageable causes of
overweight: diet, physical activity and behavior. Lifestyle interventions regarding diet is a
subject for discussion. Children cannot be put on hypocaloric diets like adults, because they
are in growth and need adequate energy, vitamins and minerals to continue growing and
evolving muscle - and skeletal mass (81). Restricting calories over time may affect growth in

a negative way.

“The national guidelines for prevention, identification and treatment of children with
overweight and obesity” focuses on dietary habits, such as eating slower, healthier food-
choices and establishing regular meals in treatment of overweight and obesity among children
(12). Dietary treatment often aims to follow the Norwegian dietary guidelines which are
presented in Appendix 3. The guidelines are based on systematic research over decades and
are developed to promote a healthier lifestyle among the Norwegian population (35, p.17. 82).
The guidelines are used by clinical dietitians in dietary treatment and eating according to the
guidelines is associated with healthier lifestyle, increased life expectancy and reduced risk of

non-communicable diseases.

There are several reviews and meta-analysis about treatment of childhood overweight and
obesity; A Cochrane review from 2017 proved multi-component lifestyle interventions
including diet, physical activity and behaviour changes to be beneficial for short-term effects
in BMI SDS, BMI and weight in children aged 6-12 years (83). One study found that children
aged 5-12 years, having overweight instead of obesity, may profit from lifestyle interventions
(81). The mentioned studies show that degree of weight-loss from lifestyle interventions is
only moderate and success rate is low after 2 years of intervention. Participants in Finnmark
Activity School reduced their BMI SDS throughout the active intervention, as well as 1-year
after ended intervention (84, 85). The various results from lifestyle interventional studies
proves that treating children is difficult and it may be explained by several reasons: Lack of
motivation, unfavourable genetics and/or adaptive basal metabolic rate, hunger and satiety
hormones that occur with weight loss (81). In conclusion, multicomponent lifestyle

interventions are proven to be the most appropriate tool for weight-management in children
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although effects are varying (11). Positive effects from interventions seem to remain up to 24-
months after start-up. According to Elvsaas et al. further research should aim to optimize

lifestyle interventions in the future (11).

In order to evaluate dietary interventions for overweight and obesity dietary intake and habits
must be measured in relation to weigh-development. Dietary intake and habits can be
measured through food frequency questionnaires, 24-hour dietary recall, double portion
method, biomarkers and dietary records (86, p. 403-408). Measuring dietary intake in general
is challenging and all methods have their limitations (86, p.403). The most common method
for measuring dietary intake in nutritional epidemiology is use of food frequency
questionnaires (87). FFQ’s are usually self-administrated (i.e. participants fill out the

questionnaire by themselves) but can also be assessed as a structured interview.
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2 Aim

Our aim was to explore dietary characteristics and changes among children in a lifestyle
intervention for childhood overweight and obesity. From previously published results we
knew that participants had moderate effects (BMI SDS and metabolic measures) from the
intervention, both 2 - and 3-years from baseline (85, 88). We therefore aimed to explore what
dietary changes that are effective in relation to changes in BMI SDS (e.g. weight
stabilization/loss) and changes in metabolic outcomes (e.g. improved lipid profile and blood

pressure).

The superior aim of Finnmark Activity School was to increase knowledge about factors that
can promote lifestyle changes (88). To this point dietary data from Finnmark activity school
have not been analyzed, and through this thesis we aim to explore the dietary aspect of the

intervention. Our aim was to:

1. Explore characteristics of participants diet at baseline and 24-months

2. Explore changes in intake of sugar-sweetened beverages, fruit and vegetables, fast-

foods and snacks change from baseline to 24-months

3. Evaluate if there were any association between change in BMI-SDS (from baseline to
24-months) and change in intake of the following dietary variables:
I.  Fruit and vegetables
II.  Sugar-sweetened beverages
III.  Fast foods (Pizza, hamburgers, hot dogs, kebabs)
IV.  Snacks (sweets/chocolate/chips)

4. Evaluate if there were any association between change in metabolic outcomes (from
baseline to 24-months) and change in intake of the following dietary variables:
I.  Fruit and vegetables
II.  Sugar-sweetened beverages
III.  Fast foods (Pizza, hamburgers, hot dogs, kebabs)
IV.  Snacks (sweets/chocolate/chips)
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3 Material and methods

This master thesis used data from “Finnmark Activity School” (RCT) conducted from 2009-
2013 in Finnmark county in northern Norway. Our data is analyzed as a prospective cohort.
We chose this method because all participants received one out of two treatments and both
groups had the same overall goal (explained in chapter 3.1). Previously published results from
Finnmark Activity School showed minimal differences between the two groups in BMI SDS
decrease at 24-months and no between-group difference in BMI SDS was detected 1-year
after ended active intervention (85, 89). The two groups combined decreased their BMI SDS
by -0.14 units at 24-months (88). At 36 months, a significant decrease in BMI SDS were
detected in both groups (-0.13 BMI in individual family and -0.24 BMI SDS in group
intervention, respectively). Our aim was to explore dietary changes in relation to BMI SDS
and metabolic outcomes— what kind of treatment participant received is therefore considered

less relevant in terms of the research question.

3.1 Finnmark Activity School

Finnmark Activity School was a single-blinded clinical trial that started at Hammerfest
hospital in Finnmark county in 2009. The project was collaboration with the University
Hospital of North Norway (UNN) and the Arctic University of Norway (UiT). The purpose of
the clinical trial was “to evaluate the effectiveness of a new comprehensive family orientated
treatment for children having overweight or obesity. The superior aim was to increase
knowledge about factors that can promote lifestyle changes in the current families” (84). Staff
at Hammerfest Hospital conducted the study, collected data and organized courses for other

health-care providers involved in the project.

Participants in Finnmark Activity School were children and their families from six
municipalities in Finnmark county and the municipality of Tromse. 109 participants were
interested in joining Finnmark Activity School, but 97 were included at last. Detailed
inclusion and exclusion of participants in Finnmark Activity School is described elsewhere
(84). Briefly explained, all children were in between ages 6-12 years at baseline and were
included if they had a BMI corresponding to BMI > 27.5 kg/m? for adults. The clinical trial
compared two treatment methods for childhood overweight and obesity; Group intervention

and individual family intervention. The overall focus of treatment was equal in both groups,
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although treatment was carried out a bit different between the two groups. In both groups
dietary counselling and guidance focused on each family’s resources and aimed to reduce
sedentary behavior, increase physical activity and promote healthy eating according to
National Guidelines (88). The individual group received a 30-minute individual dietary
counselling with clinical dietitian at baseline, 3-, 12 and 24-month. The group intervention
had group-based classes at the same times, which focused on cooking, reading nutrition

information on food items, how to make healthier food choices while grocery shopping etc.

The main outcome in Finnmark Activity School was defined as BMI and BMI SDS, and
secondary outcome included physical activity, anthropometrical, metabolic and psychological
measures (90). Finnmark Activity Schools active intervention lasted for 24-months and the
36-months measurements were used as a 1-year follow-up. In this thesis we look at baseline
and 24-months measurement which is recognized as start and end of the active intervention
period. Data in Finnmark Activity School was collected at baseline, 6-, 12-, 24- and 36
months. Figure 2 represents an overview of when the different data was collected in Finnmark

Activity School and the data which is included in this thesis.

Baseline 6 months 12 months 24 months 36 months
« Additional /- Dietary data collection (FFQ) \ /- Dietary data collection (FFQ) \  Dietary data collection (FFQ)
« Dietary data collection (FFQ) it )
questionnaires - -
" . « Additional questionnaires « Additional questionnaires * Additional questionnaires
+ Additional questionnaire
. *Anthropometrical measures: sAnthropometrical measures: *Anthropometrical measures:
+ Anthropometrical measures: Height, weight, BMI, BMI SDS, Height, weight, BMI, BMI SDS, Height, weight, BMI, BMI SDS,
Hm'ght,_welgh!, BMI, BMI SDS, waist-circumference, BIA, waist-circumference, BIA, waist-drcumference, BIA,
waist-circumference, BIA, skinfold, etc. skinfold, etc. skinfold, etc.
skinfold, etc.
: *Metabolic measures: *Metabolic measures: *Metabolic measures:
* Metabolic measures: 7 Blood-pressure and blood-lipid Blood-pressure and blood-lipid Blood-pressure and blood-
Blood-pressure and blood-lipid profile profile lipid profile
profile | S— \ / \ / /
Baseline 24-months
’ ) N ; N
* Dietary data collection (FFQ) « Dietary data collection (FFQ)
* Anthropometrical measures: « Anthropometrical measures:
Height, weight, BMI, BMI SDS, waist- Height, weight, BMI, BMI SDS, waist-
circumference circumference
* Metabolic measures: « Metabolic measures:
Blood-pressure and blood-lipid profile « Blood-pressure and blood-lipid profile
=
- /

Figure 2: Timeline for data-collection a/upper panel Finnmark Activity School and b/lower panel the current thesis.

The arrow in between the panels indicates that 12-months measurement were imputed due to high amount missing at 24-
months (described in chapter 3.3). In addition to anthropometrical measures used in this thesis, Finnmark Activity School also
measured skinfolds, BIA impedance (84). Abbreviations: FFQ (Food Frequency Questionnaire). Additional questionnaire
(sleep, family-relation, socioeconomics questionnaire). Anthropometrical and metabolic measures conducted at Hammerfest
Hospital. Additional questionnaires collecting psychological aspects of the interventions were also handed out.
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3.2 Study population

Of the 97 participants who were randomized in Finnmark Activity School, 91 attended the
baseline appointment. These 91 represents the available study sample for this particular study.
However, the available baseline sample differ from this number because of the inclusion
criteria: participants needed to have available dietary data. Numbers of participants included

and excluded in the current thesis is represented in Figure 3.

Selection of study participants

Participants who attended
baseline appointment in
Finnmark Activity School
2009-2010 (n=91)

| Excluded from baseline sample (n=8):
Withdrew consent fall 2020 (n=3)
l Had no dietary data available (n=5)

\ 4

Available baseline data for the
current thesis (n=83)

Missing data at 24-months:

No available anthropometrical data (n=11)
No available metabolic data (n=19)

No available dietary data (n=31)

v

Imputed from 12-months to 24-months:
Available anthropometrical data (n=4)
Available metabolic data (n=10)

v Available dietary data (n=15) *

A

Available 24-month data for the current
thesis (n=67)

Available anthropometrical data (n=76)
Available metabolic data (n=70)

Available dietary data (n=67)

Figure 3: Flow-chart
* Included at 24-months (n=67) is number of participants who had anthropometrical measures and dietary data accessible.
Data from FFQ imputed from 12-months measures to 24-months varied among different dietary variables.
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3.3 Measures
Measures include intake of selected foods and beverages collected through a food frequency
questionnaire. All anthropometrical and metabolic measurements were done by trained

personnel.

3.3.1 Anthropometric measures

Anthropometric measures in this study includes height and weight converted to BMI SD score
(BMI SDS). Height and weight were measured by trained personnel at Hammerfest hospital
following Hospital Trust Guidelines. Height was measured to the nearest 0.1 cm by a portable
Harpenden stadiometer and weight was measured to the nearest 0.1 kg by a digital Seca
Portable Scale. Participants were measured lightly clothed and between 08:00-11:00 A.M.
Height and weight were converted to BMI SDS using an online calculator based on a British

reference population (91).

(Observed value—median value for reference population)

BMI SDS is defined as:

(84,91).

Standard deviation value for reference population

Researchers in Finnmark Activity School had already applied the British 1990 reference for
calculating BMI SDS (91). Since this reference is frequently used internationally and makes
comparison across studies easier, we chose to continue with this reference in this current
thesis. Maternal and paternal height and weight data at baseline and 24-months were collected

from self-reported questionnaires.

3.3.1.1 Missing

No missing values for baseline measurements was observed. The number of missing at 24-
months for BMI SDS were n=13. Due to a low number of participants in total and BMI SDS
being the outcome variable we chose to impute BMI values from 12-months measurements
for those who had missing BMI SDS values at 24-months. 6 participants had available BMI
SDS values at 12-months and missed BMI SDS at 24-months. 7 participants did not have any
data for BMI at either 12-months or 24-months. The number of participants with BMI SDS

data after imputation was 81.
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3.3.1.2 Creating change variables (BMI SDS)

BMI SDS at baseline and 24-months were recoded into a change variable called by
subtracting BMI SDS 0 — BMI SDS 24. The change variable indicates increase or decrease in
BMI SDS throughout the study. A positive change variable for BMI SDS value indicates a
decrease in BMI SDS. Correspondingly a negative change-variable for BMI SDS value

indicates increase in BMI SDS from baseline to 24-months.

3.3.2 Metabolic measurements

Fasting blood samples were collected by biomedical laboratory scientists at Finnmark
Hospital in Hammerfest, following hospital Trust guidelines. Samples were collected fasting
at both baseline and 24-months. Total cholesterol, triglycerides, LDL-cholesterol and HDL-
cholesterol were analyzed by Siemens Advia Chemistry enzymatic methods (Siemens

Healthineers).

Prior to blood-pressure measurement the children were asked to rest for 5 minutes. Blood
pressure were then measured using Dinamap ProCare100 calibrated sphygmomanometer
(Med-electronics) while the participant was sitting in a supine position. Three measurements
of blood pressure were completed, and the average score was then classified according to
percentile for height and gender (77). Participants were placed into one of three categories
depending on their blood pressure results; 1 = Blood pressure < 90™ percentile, 2 = Blood

pressure 90 — 94t" percentile and 3 = Blood pressure > 95™ percentile.

3.3.2.1 Missing metabolic measurements

Four participants had missing values for total cholesterol, LDL cholesterol, HDL-cholesterol
and Triglycerides at baseline. Data from 24-month measurement had an increased number of
missing (n=26). As for BMI SDS, 12-month metabolic measurements were imputed where
24-month metabolic measurements were missing. This was done due the amount of missing at
24-months, a low number of participants in total and metabolic outcome being a secondary
outcome. There were 13 missing values after imputation. Missing values for blood-pressure

were n=2 at baseline but n=0 at 24-months, and no imputation was required.
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3.3.2.2 Creating change variables (metabolic measurements)

Change variables for total cholesterol, LDL-cholesterol, HDL-cholesterol and Triglycerides
was made using baseline variables and subtracting 24-month variables. As for BMI SDS a
positive change-value indicated decrease in each of them from baseline to 24-months, while a

negative change-value indicated an increase in metabolic measurements.

Change in blood-pressure was defined as moving from a percentile to a lower percentile, e.g.
from > 95" percentile to either 90"-94™ percentile or < 90" percentile or moving from 90-
94 percentile to < 90™ percentile. Staying within the same percentile was classified as no
change in blood-pressure. 2 participants had an upwards change in blood pressure class, but

these was classified as no change.

3.3.3 Dietary intake

Dietary intake throughout the study were collected through an FFQ filled out by parent and
child at baseline and at 24-months. The questionnaire consisted of 17 questions in total,
regarding dietary preferences, restrictions in diet and frequency of intake of beverages,
selected foods and beverages. Questions in the FFQ were closed and did not cover each

child’s diet in its entirety meaning complete energy-intake is not measured.

Three questions in the questionnaire is used to collect dietary data for this study. The
questionnaires layout can be seen in appendix 5. The dietary variables fruit, vegetables, junk-
food, pizza, sugar-sweetened soda and cordial and candy, chocolate and chips were chosen
prior to other available data because they are considered to be important dietary components
in either development or treatment of overweight and obesity (explained theory section).
Both parents were invited to answer questionnaire, but majority of questionnaires were filled
out by mother and child, only three questionnaires were filled in by father. At baseline and
24-months there were no cases (n=0) were both mother and father had answered separate
questionnaires. Questionnaires filled in by mother and father could therefore be used

interchangeably.

Dietary intake was measured at baseline and 24-months using an FFQ and data was
transformed into change-variables by using measurement at baseline and subtracting

measurement from 24-months. Hence a positive value on a change variable denotes a
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decrease in intake from baseline to follow-up. Detailed information about dietary

measurements is presented below and in chapter 3.5.

3.3.3.1 Transforming dietary data
Participants were asked how often they drink each type of beverage and answers were

originally categorical:

1 = Never/rarely, 2 = 1-3 glasses/month, 3 = 1-3 glasses/week, 4 = 4-6 glasses/week, 5 = 1-3
glasses/day, 6 = 4-6 glasses/day and 7 = 7 glasses/day or more.

Three glasses were specified as 5 decilitres in the FFQ. All answers were recoded into glasses
per week. For variables that were listed as a range (e.g. 1-3 times/month) we used the
category midpoint to convert intake into glasses per week. For example; 1-3 times/month -

median value = 2 times/month = 0.5 times/week. The following recoding was performed:

Never/rarely = 0 glasses/week, 1-3 glasses/month = 0.5 glasses/week, 1-3 glasses/week =
2 glasses/week, 4-6 glasses/week = 5 glasses/week, 1-3 glasses/day = 14 glasses/week, 4-6

glasses/day = 35 glasses/week and 7 glasses/day or more = 49 glasses/week.
Questions about frequency of intake of foods were answered on a categorical scale:

1 =never/rare, 2 = 1-3 times/month, 3 = 1-3 times/week, 4 = 4-6 times/week, 5 = 1 time/day,

6 = 2 times/day, 7 = 3 times/day and 8 =4 times/day or more.

As for beverages, these variables were recoded into frequency of intake per week. The same
method as for beverages was used were variables were labeled as a range. The following

recoding was performed:

Never/rarely = 0 times/week, 1-3 times/month = 0.5 times /week, 1-3 times/week = 2 times
/week, 4-6 times/week = 5 times /week, 1 time/day = 7 times/week, 2 times/day = 14 times

/week, 3 times/day = 21 times /week, 4 times/day = 28 times /week.
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The dietary variables were added together to form new grouped variables. This was carried
out for variables within the same category; fruit and vegetables, sugar-sweetened soda and

cordial, pizza and junk-food, and chocolate, chips and candy. The following was carried out:

Table 3: Overview of original variables and new grouped variables

Original variables New grouped variable

Fruit and berries and vegetables (2 variables) Fruit and vegetables
Sugar-sweetened soda and cordial (2 variables) Sugar-sweetened beverages
Chocolate, chips and candy (3 variables) Snacks

Pizza and Junkfood (2 variables) Fast-foods

The table represents an overview of what variables that were merged together to form the new grouped variables.

3.3.3.2 Missing

Missing values were set to the value 1 (1 = 0 times or glasses/week) if the participant had
answered a minimum of one question within the same group of questions. For example, if a
question about intake of sugar-sweetened soda was given the answer “5 glasses/week”, but all
other questions about beverages were left blank - I assumed that this participant only drinks
sugar-sweetened soda. All missing values within the same grouping of questions were
therefore set to 1 (1=0 glasses/week). Frequency of intake of selected food items were listed
within one question in the FFQ. Although the question contained several different types of
food items, from fruit to pizza to chocolate, we decided to impel the same method for missing

values as for beverages.

For 24-month dietary data there were a great number of missing (numbers varying up to
n=31). Missing data were imputed from 12-month measurement if 12-month data were
available. This decision was made due to a low number at participants in total and the overall

high number of missing. Number of missing after imputation varied for each variable.

3.3.3.3 Creating change variables (diet)
Dietary change variables were computed using baseline measurements for each grouped

dietary variable and subtracting the 24-months measurements for the same variable. A
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positive change-variable indicated a decrease in intake from baseline to 24-months,
correspondingly a negative change-variable indicated an increase in intake. If change-variable
were equal to 0 no changes in intake of the dietary variable were carried out throughout the

study-period.

3.3.4 Fitness level

Fitness level was measured using Andersens test, which is an indirect method to measure
VOomax 1n children specifically (92). Participants were asked to run/walk for 15 seconds
followed by a 15 seconds break. Participants were running within a field of 20 meter and total
distance is measured at the end of the test. During break participants could not move forward
within the field. Total time of the test was 10 minutes. After running for 10 minutes, the
distance for each participant was calculated and put into the following equation to calculate

VO2max (endurance score):
VO2max=18.38 + (0.033 x distance in m) — (5.92 x gender) (Boys=0and girls=1)

The method is described by Aadland et al. (93).

3.4 Ethical considerations and approvals

We applied to both Regional ethical committee of Northern Norway (REK) and Norwegian
data inspectorate (NSD). Because of the amount of time since Finnmark Activity School
started, NSD required that all participants were informed about this project and given an
opportunity to withdraw their participation. All participants of Finnmark Activity School
were reached out to by letter informing them about this particular thesis. Participants were
informed about the start of this particular study and were asked to give a written confirmation
if they did not want a further participation in Finnmark Activity School. 3 participants were
removed from the study and were not included in the data set. Regional ethical committee of
Northern Norway (REK) and Norwegian data inspectorate (NSD) approved the project
through year 2021 (Appendix 7).
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3.5 Statistics

This project is analyzed as a prospective cohort. Statistical analyzes were performed with
IBM SPSS version 27 and all p-values under 0.05 were considered to be statistically
significant. Descriptive statistics, paired samples t-test, simple linear regression and logistic
regression was used to answer research questions. Some independent variables were

transformed prior to analysis (explained in paragraph 3.5.1).

Main outcome is defined as change in BMI SDS and secondary outcome is defined as
changes in total cholesterol, LDL cholesterol, HDL-cholesterol, triglycerides, systolic and
diastolic blood-pressure. Exposure in terms of this study is defined as changes in intake of

fruit and vegetables, sugar-sweetened beverages, snacks and fast-foods.

3.5.1 Descriptive statistics

To describe the participants and their dietary intake at baseline different types of descriptive
statistics were used, including frequencies, mean, median and percentage of participants.
Baseline intake of intake of the four grouped dietary variables were combined into three
categorical answers: regularly, occasionally and rarely/never. This was done in order present

variations in consumption in a simple way. Recoding was carried out the following way:

e Fruit and vegetables were recoded the following way:
Regularly: > 21 portions/week which responds to > 3 portions/day
Occasionally: 7-21 portions/week which responds to 1-3 portions/day

Rarely/never: < 7 portions/week which responds to < 1 portion/day

e Fast-food, snacks and sugar-sweetened beverages were recoded the following way:
Regularly: > 2 portions/week
Occasionally: 0.5-2 portions/week

Rarely/never: 0 portions/week

Dietary variables were recoded differently into categorial variables because they belong to
separate food-groups which are recommended to eat in different amounts. National
recommendations suggest an intake of fruit and vegetables equal 5 portions/day (82). On the

contrary national recommendations suggest a limited intake of added sugar, saturated fat and
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salt. Sugar-sweetened beverages, snacks and fast-foods all consists of these components we

should limit in our diet.

Dietary variables were not normally distributed. Median is normally used as a measure of
central tendency when data is not normally distributed. Although median is the preferred
method, mean was chosen due minor differences between median and mean. This is

considered an appropriate method if difference between the two is minimal (94).

Mean change in intake of fruit and vegetables, fast-foods, snacks and sugar-sweetened
beverages was estimated using a paired samples t-test. The test aimed to determine whether
there was statistically significant difference in mean intake of the selected foods and
beverages from baseline to 24-months. The paired sample t-test was also used to determine

change in BMI SDS and metabolic outcomes from baseline to 24-months.

3.5.2 Linear regression and scatter-plot

Simple linear regression with the change-variable for BMI SDS as dependent variable was
carried out with the dietary change-variables as independent variables. We also did a simple
regression analysis with change-variables for Total Cholesterol as dependent variable and

dietary change-variables as independent variables.

Scatterplots were made to visualize the association from the simple regression analysis.
67 participants had both anthropometrical and dietary data on both baseline and 24-months
and were included in linear regression analysis. Because of small study sample the regression

analysis was carried out without any adjustments.
The following equation represents the simple linear regression analysis:

Let Y = A-BMI SDS

Xi= A-Fruit and vegetables, A-Sugar-sweetened beverages A-Snack and A-Fast-foods
Bo= intercept

B1= Population slope coefficient

Y =Bo+ B1 * X;
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3.5.3 Logistic regression

Logistic regression analysis was carried out with binominal variable “Blood pressure change”
as dependent variable. As explained in chapter 3.3.2.2; change in blood-pressure was defined
as moving from one percentile to a lower percentile (e.g. > 95" percentile to 90!"-94

percentile or < 90" percentile, or from 90™-94™ percentile to < 90™ percentile).

Independent variables were the same dietary change variables as the linear regression

analysis: Fruit and vegetables, Sugar-sweetened beverages Snack and Fast-foods.
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4 Results

4.1.1 Participants characteristics and dietary intake at baseline

Table 4: Baseline characteristics

n mean SD n (%)
Age in years 83 104 1.70
Gender girls (%) 83 - - 45 (46)
BMI (kg/m?) 83 27.3 4.35 -
BMI Standard Deviation Score 83 2.77 0.58 -
Waist-Circumference (cm) 83 88.67 12.08 -
Maternal BMI (kg/m?) 79 29.87 7.30 -
Paternal BMI (kg/m?) 36 30.30 5.10 -
Total-cholesterol (mmol/1) 79 4.76 0.80 -
LDL- cholesterol (mmol/) 79 3.10 0.80 -
HDL- cholesterol (mmol/I) 79 1.35 0.36 -
Triglycerides (mmol/l) 79 1.10 0.70 -
Elevated blood pressure (%) 81 - - 18 (22)
Distance (in meters) Andersens test 82 637 124 -
Endurance Score (According to Andersens Test) 82 36 47 -

Baseline characteristics represented as mean +/- standard deviation for continuous variables. Categorical variables are
presented by the distribution of categories and percentage (%).

Mean age at baseline was 10.4 years, 52% girls and 48% boys. Mean BMI was 27.3 kg/m?
(SD 4.35) and mean BMI SDS 2.77 (SD 0.58). Mean maternal BMI was 29.87 kg/m? (SD
7.30) and mean paternal BMI was 30.30 kg/m? (SD 5.10). At baseline mean total cholesterol,
LDL-cholesterol, Triglycerides and HDL-cholesterol were all considered borderline values
according to the American Academy of pediatrics and the American Heart Association (Table
2). At baseline 22.2% of participants had elevated blood pressure according to their age and

gender. Mean endurance score was 36.
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Table 5: Mean weekly intake of selected dietary variables

mean SD median
Sugar-sweetened cordial 1.2 (3.2) 0
Sugar-sweetened soda 1.3 (1.4) 0.5
Sugar-sweetened beverages (grouped) 2.5 (3.7) 2
Fruit 6.6 (5.9) 5
Vegetables 4.1 (4.2) 2
Fruit and vegetables (grouped) 10.7 (9.0) 9
Pizza 1.0 (0.5) 0.5
Junkfood 0.7 (0.5) 0.5
Fast-foods (grouped) 1.7 (1.2) 1
Chocolate 1.9 (0.9) 2
Candy 1.6 (1.0) 2
Chips 1.2 (0.9) 0.5
Snacks (grouped) 47 (2.0) 45

Mean refers to mean frequency of intake per week. The variables sugar-sweetened beverages (grouped), fruit and
vegetables (grouped), fast-food (grouped) and snacks (grouped) refers to the total intake of the dietary variables listed above
each of these grouped-variables. Number of participants included in the table were n=83.

In table 5 both mean and median weekly intake of the selected dietary variables is included.
Although there are some differences between the two measures of central tendency, they seem

to be approximately the same for the grouped variables.

Table 5 shows that participants consumed sugar-sweetened beverages 2.5 times/per week at
baseline. The two sugar-sweetened components, soda and cordial were consumed 1.2 and 1.3
times per week respectively. Fruit were consumed more frequently than vegetables (6.6
times/week vs 4.1 times/week). The total intake of fruit and vegetables were 10.7 times/week
which is equal to 1.5 times/day. Participants ate pizza and junk-food 1 and 0.7 times/week.
Chocolate, candy and chips were consumed 1.9, 1.6 and 1.2 times/week respectively. Total

snack intake at baseline were 4.7 times/week.
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Figure 4: Baseline-intake of fruit and vegetables, sugar-sweetened beverages, snacks and fast-foods
(represented in percentage)
Baseline intake of fruit and vegetables, sugar-sweetened beverages snacks and fast-foods presented in the categories
regularly, occasionally and rarely/never. Fruit and vegetables were recoded the following way: Regularly: > 21 times/week,
Occasionally: 7-21 times/week, Rarely/never: <7 times/week. Fast-food, snacks and sugar-sweetened beverages were
recoded the following way: Regularly: > 2 times/week, Occasionally: >0.5-2 times/week, Rarely/never: 0 times/week. Further

information in chapter 3.7.1. Number of participants included in the graph above were n=83.

10% participants ate fruit and vegetables at a regular basis (>3 times/day), while 49% ate fruit

or vegetables occasionally (1-3 times/day) and 41% consumed fruit and vegetables rarely (<1

time/day) (Figure 4). 59% of participants ate fruit and/or vegetables daily.
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Figure 5: Baseline intake of fruit and vegetables represented as percentages of each separate variable
Number of participants included in the graph above were n=83.

Figure 5 shows a more detailed presentation of baseline consumption of fruit and vegetables

separately. Overall intake of fruit and vegetables were low — the majority of participants ate
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fruit or vegetables 1 time/day or less. Vegetables were most commonly eaten 2 times/week
(by 37.4% of the participants) and fruits were most commonly consumed (by 31%)
5 times/week. 16% of participants ate vegetables 0.5 times/week or less and 11% ate fruit 0.5

times/week or less.

53% of the participants consumed >2 glasses/week or more of sugar-sweetened beverages,
while the remaining participants had a less frequent consumption (Figure 4). 90.4% of
participants ate snacks regularly, which corresponds to >2 times/week. A more detailed graph

of frequency of intake of snacks is presented in Figure 6.
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Figure 6: Baseline intake of candy, chocolate, chips and snacks (grouped) presented in percent (%)
Number of participants included in the above graph were n=83.

The majority of the participants had an intake of candy and chocolate of 1.5-3 times/week.
Chips were consumed less frequently compared to candy and chocolate. When combining
candy, chocolate and chips into one variable “Snacks (grouped)” the majority of the
participants (73.5%) had an intake of 4-7 times/week. 6% of the participants consumed snacks

(grouped) >7 times/week and 3.6% ate snacks 0-1 time/week.
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4.1.2 24-months characteristics and mean changes in dietary changes
(baseline to 24-months)

Table 6: 24-month study-sample characteristics

n mean SD n (%)
BMI (kg/m?) 76 28.72 4.81
BMI standard deviation score 76 2.63 0.67
Waist-circumference (cm) 73 89.2 11.8
Maternal BMI (kg/m?) 67 29.4 7.08
Paternal BMI (kg/m?) 40 29.4 4.04
Total-cholesterol (mmol/1) 70 4.34 0.77
LDL-cholesterol (mmol/1) 70 2.88 0.74
HDL-cholesterol (mmol/1) 70 1.34 0.35
Triglycerides (mmol/l) 70 1.05 0.59
Elevated blood pressure (%) 81 - - 7 (8.6)
Distance (in meters) Andersens test 60 753 115
Endurance score (Andersens test) 60 40 452

24-months characteristics: Continuous variables is represented as mean +/- standard deviation. Blood pressure is presented
as n and percentage (%) of participants having elevated blood pressure.

Mean BMI and BMI SDS were 28.72 kg/m? and 2.63 respectively (Table 6). Mean maternal
and paternal BMI were lower compared to baseline for those included at 24-months, however
the number of mothers reporting their weight and height have decreased and number of
fathers have increased. Mean levels of total cholesterol and HDL-cholesterol are considered
acceptable values at 24-months according to levels presented in table 2 (70, 71). Mean LDL-
cholesterol and triglycerides were still considered borderline levels at 24-months (Table 2).
The percentage of participants having elevated blood-pressure were 8.6% at 24 months.
Endurance score were equal to 40 at 24-months, which indicates an overall increased mean

activity level.
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Figure 7: 24-month intake of fruit and vegetables, sugar-sweetened beverages, snacks and fast-foods
(represented in percentage)

The graph shows 24-month intake of fruit and vegetables, sugar-sweetened beverages, snacks and fast-food represented in
three categories regularly, occasionally and rarely/never. Fruit and vegetables were recoded the following way: Regularly: >
21 times/week, Occasionally: 7-21 times/week, Rarely/never: <7 times/week. Fast-food, snacks and sugar-sweetened
beverages were recoded the following way: Regularly: > 2 times/week, Occasionally: >0.5-2 times/week, Rarely/never: 0
times/week. Further information in chapter 3.7.1. Number of participants who had available data at 24-months were n=67.

Figure 7 shows the distribution of participants who consumed and did not consume the
selected foods and beverages at 24-months. 7% of the participants ate fruit or vegetables
regularly (>3 times/day) while 48% ate fruit or vegetables 1-3 times/day. Percentage of

participants having a regular intake sugar-sweetened beverages, snacks and fast-foods have

decreased.
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Figure 8: 24-months intake of chocolate, chips, candy and snacks (grouped)
Number of participants in total were n=67 in the graph above.

Figure 8 shows candy and chocolate to be the most frequently eaten snacks at 24-months. The
highest percentage of participants consume candy and chocolate 1.5-3 times/week. Chips was

less frequently consumed compared to candy and chocolate. For snacks (grouped) 60.9% of
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participants have an intake equal to 4-7 times/week and 5.8% eat snacks (grouped)

>7 times/week. 11.6% of participants eat snacks 0-1 times/week.

Table 7: Mean changes in BMI SDS, metabolic measures and selected dietary variables

Variables Mean (0) Mean (24) Mean (A) 95% confidence interval of  Sig. (2-

the difference tailed)
BMI SDS 2.75 2.63 0.13 0.04-0.21 0.006
Total-cholesterol (mmol/1) 4.69 431 0.39 0.17-0.60 0.001
HDL-cholesterol (mmol/1) 1.36 1.34 0.02 -0.08 -0.12 0.697
LDL-cholesterol (mmol/1) 3.03 2.86 0.17 -0.05-0.39 0.126
Triglycerides (mmol/l) 1.09 1.05 0.04 -0.16-0.24 0.702
Fast-foods 1.6 1.4 0.26 0.02-0.51 0.036
Snacks 5.0 4.3 0.75 0.18-1.31 0.010
Fruit and vegetables 10.4 9.6 0.88 -0.73-2.49 0.279
Sugar-sweetened beverages 2.7 2.0 0.74 -0.54-1.31 0.251

BMI SDS change is defined as units. Change in metabolic measures is defined as mmol/I. Change in dietary variables is defined as

frequency of intake per week

Mean values may vary from baseline characteristics because of the paired samples t-test model used to determine mean
intake at baseline and at 24-months and mean change from between these two times. Number of participants included in
the analysis varied between the variables; BMI SDS n=76, metabolic measures n=70 and dietary variables n=67.

Table 7 presents mean changes in BMI SDS, metabolic measures and intake of selected

dietary variables. Mean change in BMI SDS from baseline to 24-months were 0.13 units

decrease (p=0.002). Change in total cholesterol was statistically significant from baseline to

24-months (p<0.005) with a mean decrease of 0.39 units. LDL-c and triglycerides did

decrease but changes were not considered significant at a mean level (p=0.126 and p=0.702

respectively). HDL-c decreased by 0.02 units and change was not considered statistically

significant (p=0.740).

Intake of snacks and fast-foods were statistically significant changed from baseline to 24-

months with a decrease of 0.75 (p=0.010) and 0.26 portions per week (p=0.036) respectively.
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Table 8: Crosstab of percentage of participants within the different percentiles for blood-pressure

levels at baseline and 24-months

< 90th percentile

90-94th percentiles

> 95th percentile Total

< 90th percentile 75 (61) 7 (5) 10 (8) 92 (74)
24-months 90-94th percentiles 1(1) 1(1) 1(1) 3(3)

> 95th percentile 1(1) 0(0) 4 (3) 5 (4)

Total 77 (63) 8 (6) 15 (12) 100 (81)

Numbers is presented as percentage (n) of participants within each blood-pressure percentile for age - and gender at
baseline and 24-months. Total number of participants were n=81 (in which had data on blood pressure at both baseline and

24-months)

Percentage of participants with blood pressure > 95" percentile decreased from 15% to 5%

from baseline to 24-months. 8% were within the 90™"-94™ percentiles at baseline, and this

percentage decreased to 3% at 24-months. Percentage within the <90™ percentile increased

from 78% to 92%.

2 participants moved from <90™ percentile (baseline) to either 901-94" percentile or >95%

percentile at 24-months. In logistic regression analysis these were considered as “no change”.
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4.1.3 Association between changes in BMI SDS and changes in dietary intake
of snacks and fast-foods throughout the active intervention

Linear regression analysis showed no linear association between change variables BMI SDS
and Fast-foods and Snacks throughout the study-period. In the scatter-plot below, each

participant is represented by a dot, and the color indicates the intervention group (Figure 9).
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Figure 9: The association between changed intake of snacks and changes in BMI SDS after 24-month
participation in Finnmark Activity School

No linear relationship between changes in BMI SDS and changes in intake of snacks were
found (p=0.418). From looking at the distribution of the scatter-plot most of the participants is
positioned around 0 or above 0 on the X-axis. This indicates that majority of participants
either kept eating the same amounts of snacks or decreased their intake of snacks throughout
the study. However, this finding is too small to conclude on a trend and is not associated with

BMI SDS.
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Figure 10: The association between changes in intake of fast-foods and changes in BMI SDS after 24-
month participation in Finnmark Activity School

No linear relationship between changes in BMI SDS and changes in intake of fast-foods were
found (p=0.189) (Figure 10). From looking at the distribution of the scatter-plot most of the
participants were positioned around 0 on the X-axis which indicates small or no changes in
intake of fast-foods throughout the study. A negative slope coefficient indicates a decrease in
change-variable for BMI SDS, when change-variable for snacks increases. However, this
association is not significant. No adjustments for covariates were done in neither of these

analyses.
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4.1.4 The association between changes in total cholesterol and changes in
intake of snacks and fast-foods throughout the active intervention
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Figure 11: The association between changes in intake of fast-foods and changes in total cholesterol
after 24-month participation in Finnmark Activity School

No linear relationship between changes in total cholesterol and change in intake of fast-food
were observed (p=0.411) (Figure 11). As seen in the scatter-plot above majority of
participants is positioned around 0 on the X-axis, which indicates small or no changes in

intake for fast-foods from baseline to 24-months.
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Figure 12: The association between changes in intake of snacks and changes in total cholesterol after
24-month participation in Finnmark Activity School

No linear relationship between changes in total cholesterol and changes in intake of snacks
was found (p=0.843) (Figure 12). As for the other scatter-plots a majority of participants are
positioned around 0 on the x-axis, indicating small to no changes in intake of snacks
throughout the study. One outlier was observed in the scatter-plot. However, the linear

regression analysis showed no difference in association when the outlier was removed.
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4.1.5 Blood-pressure changes in relation to dietary changes

Logistic regression analysis did not show any association between the dependent variable
blood pressure change (yes/no) and the independent dietary change variables (Fruit and
vegetables, sugar-sweetened beverages, snacks and fast-foods). OR for all dietary change
variables were approximately equal to 1, which indicates a minimal effect on OR for changed
blood-pressure when dietary change-variables increase by one unit. For example, if fast-food
intake per week decreases from baseline to 24-months by one unit (change-variable increases
by one unit) the OR for changing blood-pressure percentile is not changed. Dietary variables

do not increase or decrease the OR for decreasing blood-pressure percentile.

Table 9: Logistic regression analysis results

95% Confidence interval

OR Sig (p-values) Lower Upper
A Fast food 1.138 0.744 0.524 2.472
A Sugar-sweetened 1.040 0.640 0.881 1.228
beverages
A Snacks 0.981 0.905 0.714 1.347
A Fruit and vegetables 0.945 0.355 0.837 1.066

The table shows OR for dietary variables in relation to change in blood pressure percentile. Number of participants included
were n=67.
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5 Discussion

This chapter is built up by two parts: 5.1 discussing the results and findings, while 5.2 discuss
the material and methods. Additionally, a separate part, 5.4 discusses implications for further

research within this topic.

5.1 Results

This thesis aimed to describe changes in the selected dietary variables and their relation to
changes in BMI SDS and metabolic outcomes independent of treatment method. Mean intake
of snacks and fast-food were statistically significant decreased from baseline to 24-months.
Albeit, no relationship between dietary change-variables and change in BMI SDS or
metabolic outcomes were found. Our study found mean BMI SDS to decrease by -0.13 units
from baseline to 24-months, while previous results with pooled data from the two treatment
groups showed a significant decrease (-0.14 units) in BMI SDS from baseline to 24-months
(88). In this current thesis, total cholesterol decreased by -0.39 mmol/ from baseline to 24-
months, which resulted in change from borderline levels to acceptable levels for total
cholesterol (Table 1). Previous results also showed decrease in total cholesterol at 36-months
for both groups combined (85). Finnmark Activity School’s results and our findings regarding
BMI SDS and total cholesterol, shows that both interventions had an effect. However, it is
unclear what this effect is caused by. The following section will focus on results concerning
dietary characteristics at baseline and 24-months, as well as dietary changes throughout the

study and potential explanations for the findings.

5.1.1 Baseline characteristics and dietary intake

In this overweight — and obesity intervention study, BMI SDS at baseline was equal to 2.77
SDS above mean for children within the same age and gender. Mean levels of metabolic
measures were all according to Table 2 considered borderline levels. Additionally, 22% of
participants had elevated blood-pressure levels at baseline. Dietary baseline characteristics

included intake of fruit and vegetables, sugar-sweetened beverages, snacks and fast-foods.

2.4 % of participants ate vegetables and 18% ate fruit according to national recommendations

at baseline (82). Mean intake of fruit and vegetables combined were 10.4 times/week which is
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equal to 1.5 times/day. In our study we assumed that in each reported eating (drinking)
occasion, one portion/serving was consumed. One serving fruit or vegetables is equal to one
handful and the size of one handful for children varies with age and gender. Mean intake in
grams from 1.5 handfuls fruit or vegetables for children may be around 75-100 grams in total
(95). The amount is low compared to nationwide numbers from Ungkost-3 where mean intake
of fruit and vegetables for 4" and 8™ graders was approximately 230 grams for both ages (55).
However, the method to collect dietary data in Ungkost-3 differs from our method which

makes it difficult to compare results.

A physical activity survey from the Norwegian School of Sports science (which included
dietary data) by Kolle et al. found that approximately between 30-35% of 6-, 9- and 15-year-
old ate fruit and vegetables daily (63). The study by Kolle et al. used the same structured FFQ
as our study which makes comparison easier. Our study found 10% of the participants
consumed fruit and vegetables > 3 times/day (regularly) and 49% of the participants
consumed fruit and vegetables 1-3 times/day (occasionally). Albeit, one specific difference
between data in our study compared to Kolle et al., is how the two variables “fruit” and
“vegetables” were calculated into one grouped variable. Kolle et al. added intake of fruit and
vegetables together at baseline, but participants needed to eat both fruit and vegetables each
day to be categorized as daily eaters. In our study, intake of fruit and vegetables were also
added together to form one grouped variable, but participants were not required to eat both
items to be categorized as “regular” or “occasional” eaters. This may explain why the
percentage of participants having a daily intake of fruit and vegetables is lower in the study by
Kolle et al. Despite this finding intake for most participants seem to be lower than national
recommendations. Perhaps not so surprising considering reported numbers from the HBSC-
study which found intake of fruit and vegetables to be low for the majority of children in

Norway (57, 61).

A study by Overby et al. reported a negative association between intake of added sugar and
intake of fruit and vegetables (96). This means that when high levels of sugars were observed
in children’s diet, low intakes of fruit and vegetables were observed as well. High amounts
added sugar in diet may replace sufficient intake of fruit and vegetables and lead to a lower
intake (96). Total intake of added sugar was not measured in our study, but frequency of
intake of sugar-sweetened beverages and snacks were measured. According to Ungkost-3
sugar-sweetened beverages, candy and other sweets are the most common sources of added

sugar in Norwegian diet (55). 26-31% of added sugar comes from sugar-sweetened beverages
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and 31-35% come from sweets and candy (55). Sugar-sweetened beverages were consumed
>2 times/week by approximately 53% of the participants in this current study. Kolle et al.
measured intake of sugar-sweetened soda in 6-, 9- and 15-year old children and found that an
intake > 2 times per week varied from about 40-56.7% among participants (intake being
highest in 9-year-old boys) (63). Intake of sugar-sweetened beverages were a bit higher in our
study compared to Kolle et al. However, our data included both sugar-sweetened soda and

cordial, in which Kolle et al. where limited to only sugar-sweetened soda (63).

When comparing our results to the national dietary surveys on children in 4™ grade, intake of
sugar-sweetened beverages among participants seems to be under the mean nationwide intake
(55). Ungkost-2000 found mean intake of sugar-sweetened beverages among 4" grade
children to be up to 3 deciliters per day (97). More recent numbers from Ungkost-3 found
mean intake among 4™ graders to be 1.5 deciliters per day in 2015 (55). Our findings are
remarkably lower than nationwide mean intake and only 8.4% of participants consumed
sugar-sweetened beverages 1 time/day or more. This may partly be explained by limited types
of beverages being included in the FFQ. It is also a possibility that participants were aware of
the benefits of limiting sugar-sweetened beverages and had therefore reduced their intake in
advance of the baseline survey. Noteworthy, some participants had decreased their BMI SDS
in the period from they were accepted to the study to the intervention started (approximately 3
months). This may support our theory that perhaps some dietary changes were carried through
before start of the study-period. In addition, there are risk of bias as in all epidemiological

studies and these are explained in paragraphs further down.

High intake of energy-dense foods may promote weight-gain explained by the high level of
calories per gram in these foods (98). Snacks and fast-foods are considered high energy-dense
foods and mean baseline intake were 4.7 times/week (snacks) and 1.7 times/week (fast-
foods). Approximately in between 4-5% of Norwegian 6 graders consume candy

>5 times/week is according to HBSC-study (99). Data from the HBSC-study only included
candy while our data included candy, chocolate and chips. In our study 3.6% of participants
had an intake of only candy equal to 4-7 times/week, which shows intake to be lower than
results from HBSC-study. There is no direct national recommendation to reduce intake of
snacks, but intake of added sugar, saturated fats and salt is recommended to be limited (61,

82). As for snacks, there are no direct dietary recommendation regarding intake of fast-foods,
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although intake of processed meat, salt and saturated fats is recommended to be limited to a

minimum in regular diet (82).

To summarize participants’ baseline dietary characteristics: fruit and vegetable intake seems
to be below national recommendations. However, compared to the study by Kolle et al. intake
of fruit and vegetables seems to be above intake in their study (63). Intake of sugar-sweetened
beverages seems to be low compared to nationwide intake. However, our findings may be
influenced by limitations in the FFQ. Due to no direct recommendations regarding intake of
snacks or fast-foods, we cannot conclude on intake being high or low according to national
recommendations. Additionally, comparing results to other studies is challenging due to

different methods to collect dietary data and how data is processed.

5.1.2 Dietary changes

Dietary changes were measured by mean change in frequency of intake from baseline to
24-months, using a paired sample t-test. Median change was also measured, although mean
change was used due to small differences between the two methods. Mean frequency of
intake of snacks decreased by -0.75 times/week and mean frequency of intake of fast-foods

decreased by -0.26 times/week.

The significant decrease in snacks and fast-foods and the decrease in fruit and vegetable
intake by 0.88 times/week may come as a result of how dietary treatment and counselling
were carried through. A randomized controlled trial by Epstein et al. showed a greater
decrease in BMI SDS for children who were encouraged to eat healthy and increase low
energy-dense foods (such as fruit, vegetables, and low-fat dairy), compared to children who
were encouraged to reduce high-energy dense, low-nutrient dense foods (100). It might in
dietary treatment of overweight and obese children to limit focus-points during treatment.
Changing dietary habits may feel more achievable if focus is either on increasing the healthy
or decreasing the unhealthy foods, at least to begin with. In this current study dietary
counselling were a combination of reducing the unhealthy and increasing the healthy. A
combination of the two is not considered unappropriated, but perhaps limited focus points
would be beneficial for children and their families to begin with. These theories may also
partly explain why participants decreased their intake of fruit and vegetables, which is

considered low energy dense foods, while also decreasing their intake of high energy dense
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foods such as snacks and fast-foods. Perhaps too much dietary information leads to not all

dietary advice being followed.

On the contrary from Epstein et al., a critical review by Griffith 