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SUMMARY

The global obesity epidemic represents an enormous potential threat to public health, because
overweight and obesity are major risk factors of non-communicable diseases. The prevalence
of overweight has furthermore increased among children and adolescents worldwide, and
creates a growing health challenge for the next generation as children who are overweight are
more likely to become overweight and obese as adults. Dietary, physical activity and
sedentary behaviours are energy balance related behaviours (EBRB) that positively or
negatively are related to weight status. It is agreed upon that the obesity epidemic is driven by
large environmental changes over the past few decades, negatively influencing the EBRB.
Social inequalities are furthermore consistently observed in children’s and adolescents’
weight status and health behaviours. Thus, there is a need for research to identify
environmental factors influencing children’s and adolescents EBRB across age and within
diverse social groups, in order to establish good opportunities of a healthy future. The main
aims of this thesis were first to investigate the changes and tracking in children’s dietary
behaviours during the transition into adolescence, and possible differences by parental
education. Second to examine how the home environment influences young adolescents’
dietary and sedentary behaviours between the ages of 11 and 13 years, including social

differences as measured by parental education.

Longitudinal data from the Norwegian HEalth In Adolescents (HEIA) cohort study (2007—09)
is included. Data was collected through questionnaires among a baseline sample of 975
adolescents at the age of 11 years (T0), and followed up at age 12 (T1) and 13 (T2) years.
Furthermore, questionnaires were collected from both mothers (n=738) and fathers (n=630) at
TO, and followed up at T2. Dietary intakes of fruits, vegetables, energy dense snacks, sugar
sweetened soft drinks and sugar sweetened squash were examined prospectively, as well as
screen time behaviours of television and video viewing (TV/DVD), and computer and
electronic game use (PC/game). Parental education, parental modelling, parental regulation,
availability and accessibility were explored as possible determinants in the home
environment. Analyses of tracking was used to investigate changes and stability in dietary
behaviours over time, and mediation analyses explored possible influences of the home

environment on adolescents’ prospective soft drink intake and screen time.



Tracking of the frequency of fruit, vegetable and snhack intake, and in the amount of soft
drinks and squash consumption was observed among boys and girls between the ages of 11
and 13 years. The intake of soft drinks did furthermore increase significantly during this time
period. An inverse association was found between level of parental education and tracking in
adolescents’ soft drink and squash consumption, as higher odds of a stable low than a stable
high intake of soft drinks and squash was observed among those with a higher level of
parental education. A higher level of parental education did furthermore predict a lower intake
of soft drinks at the age of 13 years. A higher availability and accessibility of soft drinks at
home subsequently predicted an increased intake among adolescents between the ages of 11
and 13 years. Moreover, the relationship of parental education predicting adolescents’ soft
drink intake was explained trough the accessibility of soft drinks at home, identified as a
mediating factor. In addition, a higher level of parental education predicted less time spent on
PC/games among 13 year olds. A positive relationship was observed between parental
modelling and adolescents’ TV/DVD time and an inverse relationship between parental
regulation and adolescents’ TV/DVD time was subsequently found between the ages of 11
and 13 years. Finally, maternal and paternal modelling of TV/DVD viewing were found to
mediate the relationship of parental education predicting adolescents’ TV/DVD time at the
age of 13 years.

The present study contributes to international research by enhancing the understanding of
children’s and adolescents’ dietary and sedentary behaviours in a longitudinal perspective.
The findings indicate tracking of dietary behaviours between the ages of 11 and 13 years, and
thus emphasize the importance of starting before the age of 11 years to prevent the
establishment of unfavourable dietary behaviours later in adolescence. Moreover, the parental
role in adolescents’ dietary and screen time behaviours is highlighted through availability and
accessibility in the home, parental modelling and regulation by implying that raising
awareness of these determinants may result in a healthier lifestyle which further can influence
weight status. Finally, the present analyses emphasize differences by parental education in
adolescents’ dietary and screen time behaviours which could contribute to social inequalities
in health. The accessibility of soft drinks at home and parental modelling of TV/DVD time
was identified as important targets in future health education and health promotion programs

aiming to reduce social differences in such health behaviours among adolescents.
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1 INTRODUCTION

Several health behaviours that contribute to the epidemic of non-communicable diseases in
adults are initiated during adolescence, such as tobacco use, alcohol use, and obesity inducing
behaviours of unhealthy diet, physical activity and sedentary behaviours [1, 2]. Adolescence
is defined by the World Health Organization (WHO) as the time period between 10 and 19
years [3], and the age of 10-11 years are considered to be a key transition age in a primary
prevention perspective [4]. The adolescent’s health is a result of interaction between
influences in early childhood and the biological, social and behavioural changes during
adolescence [1, 5]. Brain development and other biological changes that occur during puberty
are known to influence the onset of health behaviours during adolescence, that may be crucial
for future health [1]. The surrounding environment, such as families, schools and peers, are
further found to strongly affect adolescents’ health, and may thus facilitate good opportunities
of a healthy lifestyle [6, 7]. As adult health is a result of exposure and processes throughout
the life course [5], adolescence is considered a phase of life where foundations for a healthy
future may be established [1, 5, 8].

1.1 The childhood obesity epidemic

The global obesity epidemic represents an enormous threat to public health, because
overweight and obesity are major risk factors of non-communicable diseases like coronary
heart disease and type 2 diabetes [9, 10]. Moreover, the second report on the prevention of
cancer pointed out overweight and obesity as the major cause of several types of cancer [11].
Childhood overweight and obesity contribute to the obesity epidemic in adults as these
children are more likely to become overweight or obese as adults [12-14], and thereby create

a potential health challenge for the next generation worldwide [15].

Overweight and obesity are defined by the WHO [16] as abnormal or excessive fat
accumulation that presents a risk to health. The crude measure of obesity is body mass index
(BMI). An adult person with a BMI equal to or more than 25 kg/m? is classified as
overweight, and a BMI equal to or more than 30 kg/m? is considered to be obesity [17].
Because BMI changes substantially with age during childhood, international based cut off
points are needed to provide a tool for comparing prevalence rates across countries [18]. Age

and gender specific BMI cut off values were thus proposed by the International Obesity Task



Force (IOTF), to internationally quantify childhood obesity [18]. The short term health
consequences of overweight in children are not clear [16]. However, some effects of obesity
are already observed in children, such as elevated low density lipoprotein cholesterol, high
blood pressure, type 2 diabetes, asthma [11, 19, 20] and psychological related health
outcomes [16, 20]. Long term health consequences of childhood overweight and obesity have
further been observed in adulthood, such as metabolic disease, cardiovascular risk, morbidity

and premature mortality [12, 20, 21].

1.1.1 Prevalence and trends

The prevalence of overweight and obesity has increased among children and adolescents
worldwide [12, 15, 22], as well as in most European [22-24] and Nordic [25] countries during
the past decades. A recent cross-sectional study among 10-12 year old children from seven
European countries (the ENERGY study) found that 26% of boys and 22% of girls were
overweight or obese, based on IOTF cut off points on objective measures [26]. Higher
prevalence of overweight and obesity was observed in children from the southern and eastern
parts of Europe compared to the northern parts [26, 27]. The prevalence of overweight and
obesity among Norwegian boys and girls participating in the ENERGY study was 15% and
14% respectively [26]. This is comparable with what was observed in a national
representative sample of 9 and 15 year olds, with IOTF cut offs on objective measured weight
and height [28]. The figures from Norway are similar to what has been observed in other

Nordic countries within this age group [27, 29, 30].

Cross-sectional trend data from a WHO collaborative survey among 43 countries across
Europe and North America; the Health Behaviour in School aged Children (HBSC) study,
reported an average increase of overweight and obesity from 14% among 11 year olds and
13% among 13 year olds in 2005-06 [31] to 15% and 14% in 2009-10 [32], respectively. The
measures were based on IOTF based cut off points on self-reported data. National
representative data among Norwegian 13 year olds showed an increase from 8% to 13%
between 1993 and 2000, in cross-sectional trend data based on IOTF cut offs on self-reported
data [33]. The Norwegian Child Growth Study observed an increase of overweight and
obesity from 15% to 18% based on IOTF cut-offs on objective measures, among national
samples of eight year olds (3" graders) in the period from 2008 to 2010 [34]. However, the
2012 data of this study showed a prevalence of 16% overweight and obesity among

Norwegian eight year olds [35]. This corresponds with the newest trend data in Sweden
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showing a stable development of overweight and obesity among children and adolescents
during the last years [30]. A recent review furthermore suggested that the prevalence of
childhood obesity is levelling off both in the United States, Australia, Japan and in some
European countries [36]. Although, this trend does not seem to have reached those with low
socioeconomic status (SES) to the same degree as those with higher SES [36, 37]. A lack of
objectively measured weight and height data on national representative samples have
furthermore been reported in Europe [25, 37], and the stability of trend data needs further
investigation [36-38].

1.1.2 Obesity prevention

The core problem of overweight and obesity is an imbalance between energy intake and
expenditure over a prolonged period of time [12]. Although, the underlying factors are a
complex constitution of societal and biological factors [12]. Genetic factors are well known to
influence individuals’ susceptibility to obesity [39, 40]. However, the increasing prevalence
of obesity during the last decade is probably largely driven by environmental changes that
encourage unhealthy lifestyles [40, 41]. Overweight and obesity among children are difficult
to treat [42, 43], thus a public health effort to prevent unhealthy weight gain is needed [41,
44]. Public health efforts including recommendations of obesity prevention programs in
Europe were discussed by the WHO already in 1997 [17], and several policy documents
emphasizing the need for action have subsequently been published [9, 15, 45]. A Norwegian
status report was presented in 2000 [46], followed by several national policy documents
prioritizing children and adolescents across social groups in health promotion and disease
prevention [47-50]. The importance of starting early in life in order to prevent obesity
inducing behaviours of becoming habitual is highlighted [2, 13, 15, 50]. It is furthermore
stated that parents are considered important in preventing children’s weight related problems,

and should be included in the prevention of obesity [7, 15, 50, 51].

The obesogenic environment provides less opportunities for healthy eating and activity
behaviours [10], and is acknowledged to be an important promoter of the obesity epidemic [9,
52]. Regular physical activity and a high intake of dietary fibre are considered to be
convincing protective factors against obesity, moreover supportive home and school
environments are reported as probable protective factors for this matter [9, 10]. Convincing
risk factors of obesity are sedentary lifestyles and a high intake of energy dense and

micronutrient poor foods and a high intake of sugar sweetened beverages (SSB), while heavy
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marketing of energy-dense foods is considered to be a probable risk factor of obesity [9, 10].
Beneficial effects on children’s BMI are observed in obesity prevention programs that include
a combination of lifestyle approaches [42, 53, 54]. Strategies to prevent obesity in children by
encouraging healthy eating and activity behaviours are considered to be beneficial for all
children and adolescents, despite weight status [43]. However, caution should be made that

the strategies do not promote disordered eating and weight related harassment [43].

1.2 Energy balance related behaviours (EBRB)

Factors that raise energy intake or decrease energy expenditure by even a small amount may
cause overweight or obesity in the long-term. Energy balance related behaviours (EBRB)
refer to dietary, physical activity and sedentary behaviours that positively or negatively may
influence weight status [55]. Thus, knowledge on EBRB is needed to understand the
prevalence of obesity and other non-communicable diseases [26, 56, 57]. However, no single
factor is responsible for obesity by it self, but rather the coexistence of EBRB that result in a
positive energy balance within each individual [55]. Important dietary behaviours that are
associated with increased overweight and obesity are a low intake of fibre, frequent energy
dense snacking and frequent consumption of SSB, and important associations of activity

behaviours are a low level of physical activity and more time spent sedentary [9, 55].

The concept of tracking is used in epidemiology literature to describe the longitudinal
development of behaviours [58], and is generally used to indicate the risk of future diseases in
subjects at an early age [59]. The study of tracking patterns is important when measuring
stability and change in behaviour over time, and may help determine the proper timing for
interventions to target a specific behaviour. Evidence of the tracking of EBRB between
adolescence and into adulthood is reported [60-62], but relatively few studies have studied
tracking between childhood and adolescence [61, 63]. Hence, there is a need for research to
investigate longitudinal changes and tracking of EBRB in children during transition into
adolescence [5, 63, 64].

This thesis focus on the EBRB related to dietary behaviours of young adolescents’
consumption of fruits, vegetables, energy dense snacks and SSB, as well as behaviours of

inactivity by adolescents’ screen time, which will be further elaborated.



1.2.1 Dietary behaviours

Healthy dietary behaviours is particularly important among children and adolescents, given
that these behaviours tend to be continued into adulthood [60]. Moreover, rapid changes in
individuals’ dietary behaviours may occur during adolescence [5, 65, 66]. Many children and
adolescents fail to meet the dietary recommendations [67-69]. Thus, it is important to start at
an early age in order to prevent unhealthy dietary behaviours of becoming habitual [56].
Investigating dietary behaviours in children during transition into adolescence longitudinally
is therefore recommended in order to provide important information on when, how and why
dietary changes occur [70-73], to be able to develop strategies for interventions [74, 75] and
then further influence future health.

Fruits and vegetables

The intake of fruits and vegetables are considered to be part of a healthy balanced diet and has
been associated with a lower risk of obesity [9, 76], especially based on their contribution to
the intake of fibre [9, 77]. But more studies are needed in order to elucidate this relationship
[78, 79]. A European study found the intake of fruits and vegetables to be lower than the
recommended daily intake among both European and Norwegian 11 year olds [68]. The
Norwegian national dietary survey among children and adolescents from the year of 2000
reported that 47% of boys and 48% of girls in 8" grade consumed less than 500 grams of fruit
and vegetables a day [69]. On average the intake of fruits and vegetables were 255 grams/day
among Norwegian 13 year olds in 2000 [69], and 216 grams/day in Norwegian 11 year olds in
2003 [68] in national representative samples. The intake of fruits and vegetables in different
European countries are highly diverse, however figures from the Scandinavian countries are
comparable [68]. Despite the low consumption, cross-sectional trend data from the HBSC
study showed an increased frequency intake of fruits among Norwegian 11 year olds between
2001 and 2005 [80]. Results from another Norwegian cross-sectional trend study showed a
decrease in frequency intake between 2001 and 2008 among 11-12 year olds, when both fruit
and vegetable consumption were included [81].

Sugar sweetened beverages (SSB)

Soft drink consumption is found to be one of the EBRB associated with a positive energy
balance among children and adolescents, and an important factor to consider in the prevention

of obesity among children and adolescents [9-11, 82]. Furthermore, the consumption of soft



drinks is associated with an increased risk of tooth decay [83, 84]. The Norwegian national
dietary survey among 13 year olds reported that on average 18% of the total energy intake
were from added sugar [85], while the Norwegian nutrient recommendation is to limit the
intake of added sugar to a maximum of 10% of the total energy intake [86]. The consumption
of SSB among the 13 year olds contributed with 48% and 41% of the total intake of added
sugar among boys and girls, respectively [69]. The consumption of soft drinks vary across
Europe, reporting intakes from 92 ml/day among Greek girls to 700 ml/day among Dutch
boys in a study of 10-12 year old adolescents from seven European countries in 2010 [26].
The consumption was 275 and 174 ml/day in Norwegian boys and girls [26], which is slightly
less than the average of 336 and 242 ml/day reported among boys and girls in the Norwegian
national dietary survey among 13 year olds in 2000 [69]. However, a decreasing cross-
sectional trend in Norwegian adolescents’ consumption frequency of soft drinks was observed
among 11 and 12 year olds from 2001 to 2008 [87]. This is consistent with cross-sectional
trend data from the HBSC study, showing a decrease in the consumption frequency of soft

drinks among Norwegian 11 year olds from 2001 to 2005 [80].

Energy dense snacks

Energy dense and micronutrient poor snacking is also considered to be a risk factor of obesity
[9, 10], and may furthermore displace children’s intake of more healthful snacks such as fruit
and vegetables [79]. In the Norwegian national dietary survey during the year of 2000,
chocolate, cakes and sweets contributed with 24% and 32% of the total intake of added sugar
in 13 year old boys and girls, respectively [69]. Moreover, the total intake of saturated fat was
13% in boys and 14% in girls measured as percentage of the total energy intake [69], which
exceeds the Norwegian nutrient recommendation of a maximum of 10% of the total energy to
be from saturated fats [86]. Chocolate, cakes, sweets and other snacks contributed with 24%
and 29% of the total intake of saturated fat in boys and girls [69]. Data on adolescents’ intake
of snacks seem to be limited, but the number of snacking occasions have increased in both the
United States and in European countries during the last decades [70, 88]. Recent Australian
data does, however, report a slight decline in the intake of energy dense snacks among 12-13
year olds in 2004/2005 and followed up two years later [89]. A decrease in the consumption
of sweets between 2001 and 2005 was also observed in all age groups of 11, 13, 15 and 16

years in the Norwegian data from the HBSC study [80].



1.2.2 Sedentary behaviours

Sedentary behaviours can be defined as low-energy expenditure activities [90-93], and reflect
specific behaviours of very low intensity that indicate absence of activity [92, 94, 95]. It is
important to notice that sedentary time and a failure to meet physical activity
recommendations are considered as separate behaviours, and should be addressed
independently [90, 93, 96]. The most common sedentary behaviours are related to desk-based
work and education, motorized transport, sitting while socializing and screen time [90, 95].
Screen time includes time spent on watching television and videos, playing computer and
electronic games and working on the computer, that is a major contributor to children and
adolescents’ time spent sedentary [97]. Television viewing is by far the most studied
sedentary behaviour among children and adolescents [90-92], and other media based
behaviours such as electronic games additionally needs to be addressed [94, 95]. Tracking of
sedentary behaviours is observed from childhood and adolescence into adulthood [64], and
time spent sedentary during childhood is further associated with several negative health
consequences in adulthood [91, 98]. Hence, opportunities for good health and future patterns
of adult health may be established in the transition phase of children growing into adolescence
[1]. Priority should be given to gather new evidence from prospective studies of the sedentary

behaviours of children and adolescents [60, 91, 95].

Screen time behaviours

Television viewing is associated with BMI and overweight among adolescents [91, 92, 99], as
well as physical and psychosocial health [92]. However the evidence relating computer use
and video games to obesity is less clear [99]. There are no stated recommendations to limit
children or adolescents screen time in Norway. Although, several countries suggest a
recommendation of spending a maximum of two hours/day on electronic media use [100-
102]. The HBSC study reported in 2009-10 that 56% of 11 year olds watched television or
video and DVD two hours or more on weekdays, which was a slightly larger proportion than
the average reported by participating Norwegian 11 year olds [32]. Adolescents living in
Europe are generally exceeding the media recommendations [103], however differences are
found between countries [26, 104]. A recent review reported children and adolescents’
average time spent watching television to be in the range of 1.5-3.7 hours/day among boys
and in the range of 1.4-3.0 hours/day among girls [90].This is in correspondence with a

previous review [93] as well as recent data from Europe including the Nordic countries [26,



104]. A recent European study further reported that the average frequency of time spent on
television among Norwegian 10-12 years olds was 1.8 and 1.6 hours/day in boys and girls
respectively, and average computer time was 1.5 hours/day among boys and 1.2 hours/day
among girls [26]. Cross-sectional trend data among Norwegian adolescents show a decline in
time spent on television viewing from 1993 through 2005 [80]. The figures are opposite for
the use of computers and electronic games, showing an increase in usage between 2001 and
2005 [80].

1.3 Determinants of EBRB

Correlates and determinants refers to reproducible factors associated with behaviour, and are
often used synonymously [105]. However, the term correlates are normally used cross-
sectional, and do not support causal interferences [105]. Determinants may directly or
indirectly influence behaviour, hence an indirect relationship may be affected through a third
variable such as a confounder, covariate, moderator or mediator [106]. When the determinant
influences a behaviour through an intermediate variable in the causal sequence, the variable is
called a mediator [106]. Several determinants are related to EBRB, although the relationships
differ from behaviour to behaviour and between target groups [55]. Thus, one single factor
cannot be accountable for explaining behaviour, but rather a set of factors from multiple
domains [107]. Determinants of EBRB may be non-modifiable such as sociodemographic
characteristics or modifiable factors such as influences from the surrounding environment. A
main challenge in obesity prevention lies in creating supportive environments for making
healthy lifestyle choices [52]. It is therefore essential to determine factors in the environment
that may influence the different EBRB, in order to support a healthy weight development [52,
55, 108]. Longitudinal studies are currently needed in order to identify possible environmental
determinants of adolescents’ EBRB [94, 109-111].

Theories and models can help to identify potential determinants of EBRB. Previous theories
used to explain health related behaviours mainly focused on individual cognitive determinants
of EBRB [112, 113]. As the environment of the modern society have changed in favour of
unhealthy eating and activity behaviours [41, 95, 114], attention has been changed into
acknowledging environmental determinants of health behaviours rather than the pure focus on
individual determinants [10, 109]. Thus, current health related theories are mainly focused on

the interrelation of individual and environmental factors to determine behaviour [109, 115].



This has led to a public health approach of ecological models in order to understand factors
influencing obesity [52, 111]. In accordance to ecological models, multiple environmental
levels might influence health [115]. An ecological model explains health behaviours through
interaction between an individual and the surrounding interpersonal, institutional, community
and public policy environments [116, 117] (Figure 1). More proximal interpersonal and
institutional influences of where people meet and gather (e.g. homes, schools and
neighbourhoods) can be referred to as the micro environment, and broader community and
political infrastructures (e.g. town planning, transport and health system) are more distal
environments that can be referred to as the macro level [52]. Individuals are thought to
interact in a variety of micro environments that in turn are influenced by the larger macro
environments [10]. Hence, these models can be used as an approach to disease prevention and
health promotion by indentifying the influence of factors at different levels and the
interactions between them [117, 118].

Public policy
regulation, policies, laws

Community
relationships among organizations

Institutional
schools, workplaces

Interpersonal
family, friends, networks

Figure 1 An ecological model, modified from McLeroy et. al. [116]

The Environmental Research framework for weight Gain prevention (EnRG) suggests that
different environmental levels could influence EBRB both directly and indirectly through
individual determinants [55] (Figure 2). This framework thus represent a dual-process view of
how environment may influence behaviour [55], where each level of the environment is
characterized by physical, sociocultural, economic and political domains as previously
explained in a framework linked to dissecting obesity environments (ANGELO) [52]. The

physical environment represents the availability of opportunities for healthy and unhealthy



choices, the sociocultural environment refers to social and cultural influences and norms, the
economic environment represents cost related to healthy and unhealthy choices, and the
political environment refers to the formal and informal rules related to healthy and unhealthy
choices [52]. The direct influence indicates the automatic and unconscious effect of the
environmental determinants on behaviour, and the indirect influence reflects the mediating
role of individual cognitive factors in the effect of the environmental determinants on
behaviour [55]. Various factors (e.g. gender) are furthermore suggested to moderate the
relation either between environmental determinants and behaviour, or between the cognitive

factors and behaviour [55].

COGNITIVE MEDIATORS

Attitude
Subjective Norm
Perceived Behavioral Control

Intention

. A
/MODERATORS \

Person Demographic
Personality
Awareness
\ Involvement
ENVIRONMENT
Behavior Habit strength
Level Micro Clustering
Macro \ /
ENERGY
Type Physical BALANCE-
Political RELATED
Economic BEHAVIOR

\ Sociocultural /

Figure 2 The Environmental Research framework for weight Gain prevention (EnRG) as proposed by Kremers
et. al. [55]".

For children and adolescents the micro environmental levels are believed to have the most
influence on behaviour, such as family, school and peer influences [6, 10]. The home and

family environment is the most important setting of children and adolescents’ EBRB [10,

! This figure is distributed under the terms of the Creative Commons Attribution License.
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119]. However, schools provide good opportunities to promote children and adolescents’
health behaviours [10, 120]. Even though the importance of environmental influences on
eating and activity behaviours have been recognized, specific areas such as consumption of
energy rich foods and sedentary behaviours in the home are lacking empirical evidence [111].
Moreover, little research on EBRB is done with multivariate analyses, allowing for the
adjustment of other potential individual or environmental correlates [109]. Thus, there is a
need for studies to explore possible mediating and moderating pathways to improve the

environmental research in obesity prevention [121].

1.3.1 Home environmental influences of behaviour

Parents play a crucial role in creating healthy home environments to influence the behaviours
of their children [7, 10, 119, 122]. More research is needed to investigate parent’s role in
adolescents” EBRB [119, 123]. Longitudinal studies are needed to examine the relationship
between the home environment and adolescents’ dietary and sedentary behaviours [122, 124,
125]. Moreover, it is important to identify target determinants that may eliminate social

inequalities in such behaviours [122].

Rosenkranz and Dzewaltowski’s [119] model of the home food environment pertaining to
childhood obesity proposes that the home food environment includes elements within all
environmental domains. That is the political and economic level such as family SES, the
physical (built and natural) level such as equipment, availability and accessibility, and
sociocultural environments such as family traditions, practices and rules. All domains are
suggested to influence children’s dietary intake possibly through individual mediators and
moderators of the child. Similarly, the conceptual model by Gattshall et. al. [123] focuses on
the importance of the home environment through availability, accessibility, parental role
modelling, and parental policies, in influencing children’s healthy eating and physical

activity.

Socioeconomic status

Socioeconomic conditions can be measured in several ways, such as by social class,
socioeconomic position and SES. Socioeconomic position is a wider concept, commonly used
in social epidemiology research [126], whereas SES is mainly based on the quantification of

family income, parental occupational status, and parental education among children and
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adolescents [127]. Income relates directly to the material conditions that may influence health,
and occupation is the link between income and education that contributes to the structure of
social roles [126]. Education reflects the knowledge of available resources that may influence
health, and is shown to be associated with both occupation and income [128]. Level of
education is considered to be the most important indicator of SES when investigating health

related lifestyles in the Nordic countries [129].

SES has been investigated as a determinant of children and adolescents’ dietary and sedentary
behaviours, however inconsistent results were observed. A review investigating determinants
of children and adolescents fruit and vegetable consumption reported that higher SES was
associated with increased intake [130]. Whereas another review found positive associations
between parental occupation and adolescents’ fruit consumption [122], inconsistent results
were reported between fruit and vegetable consumption and parental education by others [75,
110, 131]. A recent review further found household income and parental employment status
inversely associated with adolescents soft drink consumption [122]. Inconsistent results were
reported in regards to differences in soft drink and snacks intake by parental education [75,
110]. Reviewed evidence also revealed inconsistent associations between SES and sedentary
behaviours [96, 122, 132]. The available evidence is mainly limited to cross-sectional
findings [96]. Although, a negative association was found between parental education and
television viewing among children and adolescents [96, 133], and between maternal education

and computer use among young children [132].

Physical determinants

Parents are considered as important gatekeepers in controlling the home food environment by
determining what, when and how foods are prepared in the home [10, 108]. Reviews of
children and adolescents’ fruit and vegetable consumption found availability and accessibility
in the home to be important physical environmental correlates positively related to intake
[110, 130, 134]. Although studies were limited with regards to adolescents [110], this was
supported by a recent cross-sectional European study [135] and a recent prospective study
[89] among adolescents. A recent review furthermore reported that availability of soft drinks
at home was positively associated with adolescents’ soft drink intake [122]. Availability and
accessibility of soft drinks in the home, as well as drinking soft drinks with meals were
suggested to be positively related to adolescents’ soft drink intake in recent cross-sectional

studies [136-138]. Another cross-sectional study found that access to unhealthy foods was
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related to a higher intake of unhealthy foods in general [139]. A recent prospective study
further reported home availability of energy dense foods to be positively associated with
change in energy dense snack consumption among adolescents [89]. There is limited evidence
on predictors of change in adolescents’ dietary behaviours, and further studies are needed
[89]. The availability of electronic forms of entertainment is one of the most profound
changes in the developed societies in the world during the last decades [90]. Recent reviews
report that physical environmental correlates of children and adolescents’ screen time are
related to availability of televisions [90, 132] and computers [90] in the home, as well as
availability of television in the bedroom [90, 93, 132]. Prospective studies are needed in order

to investigate these relationships longitudinally [125].

Sociocultural determinants

Reviews reported parental intake/modelling to be the most important sociocultural home
environmental factor of children and adolescents’ dietary intake [122, 130, 131]. A positive
relationship of parental intake was reported for the intake of fruits and vegetables [130, 131],
as well as an authoritative parenting style and family connectedness were positively
associated with intake among adolescents [110]. A recent review furthermore reported that
parental soft drink consumption and a permissive parenting style were positively associated
with adolescents’ soft drink intake, while parental limits and having family dinners were
found to be inversely associated [122]. A cross-sectional study recently conducted in eight
European countries furthermore suggested parental modelling, family consumption, parental
permissiveness, monitoring and parental self-efficacy to be positively associated with an
increase in adolescents’ soft drink consumption [138]. There is little knowledge on correlates
of children and adolescents’ intake of energy dense snacks [110], and no consistent

associations have been found.

A recent review concluded that parental rules/regulation were the most important correlate of
adolescents’ screen time, and that the relationship was inverse [122]. This was supported by
other reviews [90, 132], which also found parental television viewing/modelling [90, 93, 133]
and single-parent/guardian families [133] to be positively related to children and adolescents’
screen time. However, recent evidence is reported as scarce [132], and more studies are
needed to support these findings [90, 96]. Moreover, information is needed to identify
correlates of different types of screen time behaviours as these may differ between television

time and other screen time activities [93-95].

13



Parent-child gender dyads

Bandura [112] states that children’s behaviours at home in general are more related to gender
specific behaviours of parents with the same sex than the opposite, when growing older.
However, gender related modelling is influenced by social contexts, such as gender
conception of the behaviour, and may vary at different periods in life [112]. According to
family system theories, each family member is shaping and being shaped by other family
members’ actions [140]. Parents in many Western societies today share time and
responsibility for the daily care of their children more equally than in past generations [141].
Today fathers participate more in the daily care of children, and Scandinavian countries are
quite modern societies in this respect. The child’s gender identification with their same sex
parent may therefore be influenced, and contribute to complex family relationships over time
[141]. Associations of mother-daughter, mother-son, father-daughter and father-son are

therefore interesting in an obesity prevention perspective [142].

Mothers’ and father’s parenting practices, support and modelling of dietary and sedentary
behaviours are associated with adolescents’ weight development [143]. Daughters with higher
BMI were found among fathers who did not model or encourage healthy behaviours, and sons
with higher BMI were found when both parents did not model healthy behaviours [143].
Differences between mothers’ and fathers’ parenting practices and modelling of healthy
eating have furthermore been suggested to play a role in adolescents’ weight development
[143]. Also, overweight mothers have been shown to more often have sedentary daughters
than normal weight mothers [144]. However, the role of parent-child relationships in

adolescents’ dietary and sedentary behaviours has been less studied.

Reviewed evidence on gender differences of children and adolescents’ intake of fruits and
vegetables generally found a higher intake among girls [130], which is supported by a recent
prospective study [89]. An increased soft drink intake among adolescents were in cross-
sectional studies associated with boys [136, 137, 145], which is also reported for the intake of
energy dense snacks by both cross-sectional [145] and longitudinal [89] studies. Inconsistent
results with regards to gender differences in adolescents’ sedentary behaviours and screen

time have been reported in reviews [90, 132, 133].
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1.4 Aims

Due to the enormous public health consequences of overweight and obesity, and the
documented gaps in international research literature regarding longitudinal studies of EBRB
in children and adolescents, this study aimed to investigate the changes and tracking in
children’s dietary behaviours during the transition into adolescence. By studying the tracking
of dietary behaviours, it will be possible to identify the critical age of which the onset of
unhealthy dietary behaviours occur, which further may indicate when prevention efforts are of
importance. Moreover, longitudinal studies are needed in order to identify possible
determinants of adolescents’ EBRB. As adolescents” EBRB are highly influenced by their
home environment, this study aimed to investigate how the home environment influences
young adolescents’ obesity inducing dietary and screen time behaviours longitudinally. This
study further aimed to examine the possible occurrence of multiple effects of home
environmental determinants concurrently. By identifying potential modifiable mediators of

adolescents’ EBRB future interventions may be improved.

Based on the conceptual model of the HEalth In Adolescents (HEIA) study [146], a model
was formed to visualize possible relationships between the home environment and
adolescents’ dietary and sedentary behaviours (Figure 3). The model was also inspired by
previous conceptual models developed to investigate home environmental relationships [119,
123]. The proposed model further implies that the relationship between parental education
and adolescents’ dietary and sedentary behaviours may be mediated through other factors in

the home food environment.

1.4.1 Research questions

The specific research questions proposed for the present thesis are listed as followed.

1) Do adolescents’ dietary behaviours of fruits, vegetables, snacks, soft drinks and
squash change between the ages of 11 and 13 years, and how does the intake track

during adolescence? (Paper I)

2) What is the prospective relationship between parental education and adolescents’

dietary and screen time behaviours? (Papers I, 11 & I11)
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3) Do home environmental determinants of availability, accessibility, parental modelling
and/or regulation mediate the relationship between parental education and
adolescents’ prospective soft drink consumption or screen time at the age of 13 years?

(Papers 11 & 111)

4) Are there any gender relationships in dyads of parents’ and adolescents’ screen time?
(Paper I11)

Home environment

Potential mediators

Dietary behaviours

| Adolescents’ energy balance
related behaviours

Sedentary behaviours

Figure 3 Model of the influence of the home food environment on adolescents’ energy balance related
behaviours.
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2 METHOD

The HEIA study was a 20 month school-based intervention study carried out among pupils in
6" through 7™ grade in 2007 to 2009, as a collaboration between the University of Oslo and
Norwegian School of Sport Sciences. The overall aim was to promote healthy weight
development in school children through dietary behaviours and physical activity. Seven
counties in the south-eastern part of Norway were targeted, and 177 schools with a minimum
of 40 enrolled pupils in 6th grade were identified and invited to participate. A total of 37
schools agreed to take part in the HEIA study, and these were randomly assigned into 12
intervention schools and 25 control schools with a cluster-randomized controlled design.
Approval for the study was obtained from the Regional Committees for Medical Research
Ethics and the Norwegian Social Science Data Service. Participation in the study was
voluntary at all times. The papers suggested for this thesis is based on the HEIA cohort study,
which include data collected from all participants in the 25 control schools of the HEIA study.

The design and methodology of the intervention study is described in detail elsewhere [146].

2.1 Subjects and study design

All 6" graders and their parents/legal guardians (hereafter referred to as parents) from the 25
control schools were invited to participate, resulting in 1381 eligible adolescents for the HEIA
cohort (Figure 4). Parent signed informed consent forms were obtained from 1014 (73%) of
the adolescents, and data was collected at three time points. The baseline survey (T0) was
carried out in September 2007 with 975 (71 %) participating adolescents. In May 2008 the
first follow-up (T1) was conducted including the attendance of 970 (70 %) adolescents, and
20 months after TO a second follow-up (T2) was conducted during May 2009. There were 945
(68 %) adolescents participating at T2, and altogether 885 (64%) of the adolescents attended
all there time points of data collection. Parental participation among included adolescents was
738 (76%) mothers and 630 (65%) fathers at TO.

At all time points adolescents answered Internet-based questionnaires assessing dietary,
physical activity and sedentary behaviours and their determinants. The questionnaires
consisted of mostly pre-coded answer categories, and were distributed during school hours.
Adolescents’ spent about one school hour (45 minutes) in order to complete the questionnaire,

and project workers were available during data collection sessions. The dietary behaviours
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investigated were intake of fruits, vegetables, snacks and beverages. Physical activity was
investigated by school- and leisure time activity and active transport, and sedentary
behaviours by television and video viewing (TV/DVD), and computer and electronic game
use (PC/game). Anthropometrics were measured among adolescents by project workers at TO
and T2, and separate forms were filled in assessing puberty status. Moreover, physical activity
was objectively measured by accelerometers in five consecutive days, including two weekend

days.

Invited Recruited
Schools —>

N\

Intervention Control

Schools
v v

|

Adolescents ——=» Mothers [ Fathers

T0 (baseline) [ n=075 (71%) | [ n=738 (76%) /n=630 (65%) |
T1 (8 months) [ n=970 (70%) |
%

T2 {20 months) n=943 (68%)

TO & T2 n=908 (66%)

10, T1&T2 n=885 (64%)

Figure 4 The HEIA cohort study, flowchart of participation

Adolescents brought home scan-able questionnaires for both their parents to fill in at TO and
T2. These were to be sealed in envelopes, returned to schools and then picked up by project
workers. Mothers and fathers were asked to answer similar pre-coded questions as their
adolescents assessing dietary, physical activity and sedentary behaviours, their determinants,
as well as determinants related to their child’s behaviours. Parents self-reported height,

weight, hip and waist circumferences were collected through their questionnaires. A separate
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home food inventory questionnaire was answered by mothers at TO and by either mothers or
fathers at T2, assessing the availability of foods and drinks in the home at a specific time

point.

A separate test-retest study was conducted among 114 6™ graders from four schools sampled
in the same area as the main study. The mothers’ (n=43), fathers’ (n=35) and children’s
questionnaires and anthropometric measurements of the child were measured with two weeks
apart [146]. Spearman’s rank correlation coefficient was used to assess the two week test-
retest reliability of measurements presented in the papers (Table 1). The HEIA questionnaires
were not validated by themselves. However, most of the questions were adopted from

previously validated instruments (Appendix 1 and 2), as described in the following section.

2.2 Assessment of variables

All variables included in this thesis were assessed by the questionnaires measuring
adolescents at TO, T1 and T2, and both parents at TO. The questions included in the current

analyses are summarized in Appendix 1 and 2.

2.2.1 Demographics

Parental education for both caregivers was assessed through the adolescents’ consent forms
by the question “What is your highest level of education?” The answer categories were based
on levels proposed by statistics Norway: less than 7 years, elementary school (7-9 years), high
school/comprehensive school (10-12 years), lower college/university (1-4 years) or higher
college/university (>4 years). For the purpose of the present analyses, level of parental
education was either divided into three categories of low (<12 years), medium (lower
college/university) and high (higher college/university) education, or dichotomously into low
(<12 years) and high (college/university attendance) education. Living status of the
adolescents were measured by the question “Which adults are you living with at the
moment?” with the answer categories: living with my mother and father, my mother only, my
father only, fifty/fifty with my mother or my father, my mother and her partner, my father and
his partner, with foster parents or with other adults, please specify. In the present analyses,
living status was dichotomously divided into living in two-parent families (including parents

and step-parents) and living in other families.
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2.2.2 Anthropometrics

Adolescents’ height was measured by same-sex project workers to the nearest 0.1 cm on a
wall-mounted measuring tape with the adolescents standing up against the wall and without
shoes. Weight was measured on light clothed adolescents to the nearest 0.1 kg by a Tanita
scale. More details of the anthropometric measurements are described elsewhere [147]. BMI
was calculated as weight/(height*height), and age- and gender specific cut-off values
developed by the IOTF were used to categorize the adolescents into non-overweight or

overweight/obese [18].

2.2.3 Behaviours

The intake of foods were measured by frequency for the following items; fresh fruits, raw and
cooked vegetables, chocolates and sweets, salty snacks, sweet biscuits, cakes and buns [146].
Consumption of beverages were measured by frequency and amount for the following items;
sugar sweetened and diet soft drinks and squash, ice tea, fruit juices, fruit drinks, flavoured
milk products and water [146]. The questions used were based on already existing
questionnaires [69, 148], and modified to suit to the HEIA study. The original questionnaires
were previously validated among Norwegian adolescents, and satisfactory correlations
between the questionnaires and the reference methods were obtained in these validation
studies [149, 150]. The food items included in the present study were intake of fresh fruits
(further referred to as fruits), raw and cooked vegetables (further referred to as vegetables),
chocolates, sweets and salty snacks (further referred to as snacks), carbonated sugar
sweetened soft drinks (further referred to as soft drinks) and sugar sweetened squash (further
referred to as squash). The food items of sweet biscuits, cakes and buns, ice tea and flavoured
milk products were excluded in the current analyses, since they were only measured among
adolescents at TO and T2. Other beverages than soft drinks and squash were not included in
this thesis, as these were the most interesting beverages in an EBRB perspective. Moreover,
determinants were not measured for other beverages than soft drinks and squash. Test-retest
correlation coefficients from the HEIA reliability study showed acceptable consistency over
two weeks, ranging from 0.5 to 0.8, for adolescents intake of the included dietary items
(Table 1).
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Table 1 Test-retest correlation coefficients of included behaviours and determinants

Adolescents Mothers Fathers
Variahles Values h Sr n Sr ] Sr
Behaviours
Fruits frequencyfveek 111 078
Yegetables frequencyfweek 106 077
snacks frequencyfweek 105 0.50
Soft drinks dliweek 95 073
sguash dliweek 84 073
TwDwh hoursfweek oy 072 44 083 3B 0.9
PC/games hoursiweek 105 071 44 051 34 0.3
Detenminants
Awailability soft drinks  yes/no 41 051
Accessibility soft drinks B point scale 111 067 43 0N 34 065
Regulation TW/DWD 5 point scale 44 032 35 039
Regulation PCigames 5 point scale 44 063 35 052

ot Spearman's rank correlation coefficient

Sedentary behaviours were measured as frequency and amount of time spent on TV/DVD and
PC/games. The question on TV/DVD time was modified from the PEACH study that included
10-11 year old British children [151]. For the purpose of the present study, time used during
weekday and weekend days were distinguished during assessment, as suggested by the HBSC
study [152]. Time spent on PC/games was not included in the PEACH study, and
subsequently the authors composed a similar question to assess the usual time spent on
PC/games during spare time. Acceptable correlations of 0.7 among adolescents and 0.5 to 0.9
among parents, were found in the HEIA reliability study when measuring screen time
behaviours (Table 1).

2.2.4 Determinants

Perceived accessibility of soft drinks at home was measured among adolescents, mothers and
fathers. The questions were modified from the Norwegian Fruit and Vegetables Make the

Marks study, that was conducted among Norwegian 6" and 7" graders and their parents [136,
153]. Availability of soft drinks in the home was measured among mothers through the home
food inventory questionnaire. The questionnaire was previously validated in an American

study including families of 10-17 year old students, obtaining satisfactory validity among the
parents of which 76% were mothers [154]. Test-retest reliability scores from the HEIA study
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showed acceptable correlations of 0.7 among adolescents and 0.6-0.7 among parents, for

measurements of perceived accessibility and availability in the home (Table 1).

Parental regulation of adolescents’ time spent on TV/DVD and PC/games was measured
among mothers and fathers. The question on regulation of TV/DVD time was derived from a
previously reliability tested and published instrument [155], whereas the question on
regulation of PC/games was composed based on this question. The original construct
measured parental regulation of TV/DVD based on a six items scale. However, in order to
keep as many parents as possible in the analyses of the present thesis, only the question
directly related to parental regulation of television viewing was included. The answer
categories were measured on a five point Likert scale. A variety of correlation coefficients,
ranging from 0.3 to 0.7, were obtained in mothers’ and fathers’ test-retest measurements of
parental regulation (Table 1). The weakest correlations were found in both parents regulation
of TV/DVD, whereas acceptable correlations were found in parents’ regulation of PC/games.

2.3 Statistical analyses

Demographics were presented by means and 95% confidence intervals (Cl) unless otherwise
stated. The significance level was set to p<0.05, and all statistical analyses were performed by
IBM® SPSS® Statistics, version 18.0 (IBM Corp., Somers, New York, USA). Differences in
continuous variables were investigated by t-test or analysis of variance (ANOVA), and chi-
squared test was used for categorical data. Pearson’s correlation coefficient was performed to
investigate parametric associations of continuous variables, and Spearman’s rank correlation
coefficient was used for non-parametric associations. Both parametric and non-parametric
tests were tested when the distribution of data were questionable, and presented with
parametric tests when the results were similar and number of cases were high. Bonferroni

correction was used when adjusting for multiple testing.

2.3.1 Clustering effect by school

The cluster effect of the behavioural variables was tested by using Linear Mixed Models, as
the participants were invited through schools. Individuals within a defined group are thought
to be more similar than those of other groups. The intraclass correlation (ICC) was used to
quantify the degree of clustering of individuals at the school level. However, if the ICC is
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small there is no meaningful difference among groups, and the data may be analyzed at the
individual level with disregards to the clustering effect [156, 157]. Moreover, the HEIA study
found adolescents’ dietary behaviours to be independent of school-level [158], as supported
by a recent review stating that intrapersonal factors play a more important role [75]. Little is
known about the influence of school on adolescents’ sedentary behaviours [122]. However,
the HEIA study reported a low unexplained variance of the included screen-time behaviours

at the school level [159], and therefore multilevel analyses were not performed.

2.3.2 Tracking

Tracking can be defined as the relative stability of behaviour over time [58], or to maintain
the relative position in rank within a group over time [160]. The present study used several
methods in order to describe the magnitude of tracking in adolescents’ intake of fruits,
vegetables, snacks, soft drinks and squash over 20 months. First, tracking of variables was
illustrated by tracking patterns at TO, T1 and T2 based on groups of consumption at TO.
Second, stability was shown by the percentage of individuals remaining in the same group of
consumption at TO and T2, and change was presented by percentages of decrease or increase
in consumption between the time points. Third, Cohen’s weighted kappa was used as tracking
coefficients to test the agreement between each individual’s relative position in rank from TO
to T2. The Kappa values were weighted in order to take into account the distance of
movement between groups, based on the squared distance between categories as suggested by
Fleiss and Cohen [161]. The available command syntax for SPSS (IBM Corp., SPSS Statistics
2010, Somers, New York, USA) was used, in order to calculate Cohen’s weighted kappa.
Finally, multinomial logistic regression was used to investigate possible associations between

level of parental education and the tracking of each of the dietary variables from TO to T2.

2.3.3 Mediation

Mediators are defined as modifiable determinants that transmit the effect of an independent

variable (X) on a dependent variable (Y) [106, 162]. A conceptual model of single mediation
is shown in Figure 5, based on the model proposed by MacKinnon, Fairchild and Fritz [106].
The total effect of X on Y is represented by the c-path. The a-path represents the relationship
between X and the mediator (M), and the b-path represents the relationship between M and Y

when adjusted for X. The direct effect of X on Y, when adjusted for M is represented by the
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c¢’-path [106]. The mediation effect is calculated either by the a-path multiplied by the b-path
(a*b) or by subtracting the ¢’-path from the c-path (c-c¢’) [106, 163]. The single mediation
model may be extended to include multiple independent variables, mediators or outcomes
allowing for multilevel analyses, subgroup analyses and analyses of longitudinal data [106].

Mediator (M)
a-path b-path
c-path
Independent 5 | Dependant variable
variable (X) | — — — — - (Y)
c'-path

Figure 5 Mediation analysis

There are several assumptions related to single mediation analysis [106]. However, to
statistically test all assumptions of mediation is not feasible, and so proof of mediation may be
counted as impossible without taking proper evidence from previous research into account
[106]. Statistical assumptions for mediation analyses were examined by testing normality of
residuals, with Probability plots and Scatter plots. Moreover, outliers were checked for by
Mahalanobis and Cook’s distance tests. Durbin-Watson statistics and Dot plots were
computed in order to check for independence between the residuals. Coefficients of
collinearity were used to look for correlation between the independent variables, and possible

interactions of X*M were investigated.

The statistical assumptions for the mediation analyses included in the present thesis were
considered acceptable. The distribution of residuals was satisfactory and no extreme outliers
were detected. Furthermore, independence of the a-path and b-path residuals were confirmed,
and no interaction between X and M were detected. Finally, the causal order of the model was
assumed to not exceed the proposed directions. Mediation was then investigated by linear
regression using the available SPSS script proposed by Preacher & Hayes [163]. Confidence
intervals and level of significance were obtained by bias-corrected bootstrapping of 1000
independent samples [163], which is recommended as the most powerful method to obtain

power estimates of 0.8 in mediation analyses with smaller samples [164].
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3 RESULTS

3.1 Paper I — Tracking of dietary behaviours in
adolescents

This paper investigated the tracking and change in intake of fruits, vegetables, snacks, soft
drinks and squash between the ages of 11 and 13 years, and possible differences by parental
education. A total of 885 adolescents attended all time points of data collection, with 53%
participating boys. The mean age was 11 years at TO, 12 years at T1 and 13 years at T2 in
both genders. No significant changes were seen in the adolescents’ intake of any of the dietary
behaviours investigated between TO and T1. However, the intake of soft drinks increased

significantly over time by 0.9 and 0.7 dl/week in boys and girls, respectively, from TO to T2.

The results further indicated that boys and girls generally maintained their relative position in
rank for their intake of fruits, vegetables, snacks, soft drinks and squash between the ages of
11 to 13 years, when grouped by baseline consumption. The highest proportion of stability
was observed for the intake of squash in both genders. Tracking coefficients indicated fair
tracking of fruits, vegetables, snacks and soft drinks among boys, and of vegetables and
snacks among girls from TO to T2. Moderate tracking coefficients were observed for boys’

intake of squash and girls intake of fruits, soft drinks and squash.

An inverse association was found in both genders between level of parental education and
tracking in adolescents’ soft drink and squash consumption during the 20 months of
assessment. Boys and girls with parents of high education had higher odds of a stable low
intake of soft drinks and squash, when compared to those with parents of low education
(OR=2.6-3.9). No significant associations were seen between level of parental education and

tracking of fruits, vegetables or snacks between the ages of 11 to 13 years.
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3.2 Paper II — Adolescents’ prospective intake of soft
drinks

The prospective relationship between parental education and adolescents’ soft drink intake
from the age of 11 to 13 years was investigated in this paper by the prediction and change in
the behaviour over 20 months. Moreover, possible mediating effects of availability and
perceived accessibility of soft drinks at home were examined. Data were obtained from the
908 adolescents attending TO and T2, and 866 of these were meeting the analytical criteria of
having valid data on parental education at TO and soft drink consumption at T2. Additionally,
mothers (n=738) and fathers (n=630) with parental reports at TO were included in the
analyses. A total of 31% of the adolescents had parents with lower education, compared to
having parents that attended university/collage. Adolescents with parents of low education
consumed significantly more soft drinks at both time points, than those of parents with high
education. Moreover, a significant relationship were observed between a lower level of
parental education and a higher perceived accessibility of soft drinks as measured by
adolescents, by mothers and by fathers at TO. No difference by parental education was seen
for the availability of soft drinks at home.

Mediation analyses consistently found a lower level of parental education to predict a higher
intake of soft drinks among adolescents at the age of 13 years (c-path). Perceived accessibility
of soft drinks reported by adolescents and mothers partly mediated this relationship by
explaining 39% of the total effect. Furthermore, perceived accessibility reported by
adolescents, mothers and fathers and availability at home were significant predictors of
adolescents’ soft drink intake between the ages of 11 and 13 years (b-path). No relationship
was observed between parental education and the change in adolescents’ intake of soft drinks
during the 20 months, and no mediation effects of perceived accessibility reported by

adolescents, mothers or fathers or availability at home were observed.
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3.3 Paper III — Parental influence on adolescents’
prospective screen time

The purpose of this paper was to investigate the influence of parental modelling and
regulation on adolescents’ prospective TV/DVD and PC/game time between the ages of 11 to
13 years, in parent-child gender relationships and as mediators of differences by parental
education. The 908 adolescents attending TO and T2 were included in the present analyses, as
well as their participating mothers (n=738) and fathers (n=630) at TO. Adolescents and
parents reported similar time spent on TV/DVD at TO, but time spent on PC/games differed
between adolescents’ and parents’ reports. Significant associations were furthermore observed
in gender dyads of parents and adolescents time spent on TV/DVD at the age of 11 and 13
years. Associations between mothers and sons and between fathers and daughters were also
observed in time spent on PC/games at the age of 11 years.

Mediation analyses showed a lower level of parental education to predict more time spent on
PC/games among adolescents at the age of 13 years (c-path), but no such relationship was
observed for adolescents’ prospective TV/DVD time. Maternal and paternal modelling was,
however, found to mediate the prospective relationship of parental education predicting
adolescents’ TV/DVD time at the age of 13 years. Both maternal and paternal modelling were
furthermore positively associated with adolescents’ time spent on TV/DVD between the ages
of 11 and 13 years, while maternal and paternal regulation were inversely related (b-path). No
mediating effects were observed for maternal or paternal modelling or regulation of
adolescents’ prospective PC/game time. Although, paternal modelling were found to be
positively associated with adolescents’ time spent on PC/games between the ages of 11 to 13

years (b-path).
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4  DISCUSSION

Ecological models emphasize the importance of environmental factors in adolescents’ health
behaviours. Thus, behaviours that influence children’s weight status occur within a context
that is both complex and highly interactive. Children’s weight status is thought to be
influenced by environmental factors both proximal and distal to the child [119]. However, the
home environment is considered as most important in preventing children’s weight related
problems [119].

This thesis highlights the importance of the home environment for young adolescents’ dietary
and screen time behaviours. Methodological aspects influencing the results will be
considered, followed by a discussion of the results.

4.1 Methodological considerations

There are several strengths of the present study, first the longitudinal study design based on a
relatively large sample size at a narrow age range. Second, the rate of subject retention was
very high. Third, the multiple EBRB investigated rendered the possibility of looking at
different aspects of the adolescents’ lifestyles. Forth, the included questions assessing dietary
and screen time behaviours among adolescents obtained acceptable test-retest correlations,
indicating reliability of the measures. Fifth, parental reports of parental characteristics are
considered to give more reliable measurements than when collected from the adolescents
themselves. Sixth, the study included both parents, giving the opportunity of studying
mothers’ and fathers’ reports separately. Finally, multiple methods were used in order to

investigate longitudinal relationships of adolescents’ dietary and screen time behaviours.

4.1.1 Generalizability

The schools invited to participate in the HEIA study were situated in the largest
towns/municipalities in the eastern part of Norway. Thus the results cannot be generalized as
national representative. A weakness of the study further includes a low response rate of
schools initially invited to participate, with a potential selection bias. While the participation
rate of sampled schools was only 21 %, attrition analyses showed that there was no significant

difference in terms of the number of students in the sixth grade and overall size between
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schools that participated in the study and schools that declined participation [158]. Moreover,
schools were included from all seven counties targeted in the HEIA study. Due to ethical
considerations, reason for non-participation was not enquired. However, some schools (n=50)
provided a reason for non-participation, with the most common reason being participation in
other similar studies [158]. In addition, weighing of children is continuously debated in the
Norwegian media, and may have affected the willingness of participation among schools. The
prevalence of BMI within the total HEIA sample of 1485 participating adolescents was
comparable with national data [28], thus indicating representativeness among this age group.

Data on SES characteristics are unfortunately not nationally registered at the school level in
Norway, and thus SES of the 37 participating schools compared with the 177 invited schools
are not available [165]. However, data on parental education was collected among 1527
adolescents in the total HEIA sample, corresponding with 71% of those invited to participate.
When comparing the parental educational level of the total HEIA sample with the national
educational level reported among 30-49 year olds by Statistics Norway, the proportion of the
lowest educated parents (<12 years) was about halved among the HEIA parents [165]. This
means that the representativeness of the parents based on their education level can be
questioned. Although a contributing factor might be that level of parental education is
somewhat higher among those living in the eastern region of Norway [165], because there is a
higher concentration of education institutions in this area. Overall, the generalizability of our
findings is limited to represent highly educated people from the semi-urban areas surrounding
the south-eastern region of Norway.

Attrition occurs due to drop-out in follow-up data collections, and poses threats to the
generalizability of the result. The proportion of participating adolescents’ lost to follow up
was small in the present study, and thus not a big concern for the results. However, missing
values appeared as a potential problem when including parental reports in the analyses.
Attrition analyses was therefore conducted in each paper, comparing baseline data from the
included participants with participants lost due to missing in parental reports. The differences
between these samples were generally small, and did not seem to pose severe threats to the
validity of the conclusions of this thesis. However, a higher level of parental education, living
in two-parent families, a normal weight status and less time spent on PC/game were observed
among adolescents in the subsample included in paper 111 when compared to the baseline

sample of 975 adolescents. Analyses were thus adjusted for living status and weight status,
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however differences by parental education may have been underestimated. The subsample
analyses including parental reports may generally be skewed towards a more health conscious
population, as the included parents might represent more interested and persistent than the

parents that did not participate.

4.1.2 Reliability and validity of research instruments

Data collection of adolescents’ dietary and screen-time behaviours was based on self-reported
measures of frequency questionnaires, which may raise possible challenges due to
measurement error. Children older than eight years have generally a higher ability to self-
report than younger children, and cognitive abilities of reports are expected to be fully
developed among adolescents [166]. However, issues of motivation and body-image may
influence willingness to report on dietary intakes during adolescence [166], as well as issues
of social expectations and norms in relation to the reporting of screen time behaviours [167].
A recent review concluded that the reliability and validity of self-reported food frequency
questionnaires are generally acceptable among children and adolescents [168]. Self-reported
measurements of screen time behaviours were in a recent review also found to provide
reliable estimates among children and adolescents, although validity is largely untested [169].
Thus, caution should be made when interpreting the results of such instruments, and multiple
studies are needed to be able to conclude. Finally, the questionnaire assessing adolescents’
behaviours was in the present study Internet-based. However, mode of administration of
questionnaires, computer or paper, have not been found to have significant effect on
responses from adolescents on the majority of lifestyle behaviours [170].

As previously shown (Table 1), acceptable test-retest correlations of adolescents’ reports were
observed among adolescents participating in the present study, indicating reliability of the
results. Although, this does not account for the possibility of information bias among the
adolescents’ reports if this was done consistently at both time points. The questions measuring
adolescents’ behaviours were mostly based on previously validated questionnaires within this
age group. The intakes of fruits, vegetables, soft drinks and squash was furthermore compared
between the 13 year olds in the HEIA cohort study (T2) with nationally representative data
among 13 year olds in the year of 2000. Frequency of intakes of fruits and vegetables in the
present study was thus calculated into grams/times/day as suggested by the corresponding
validation study [149]. Although, the intake of fruits was higher and the intake of soft drinks
and squash was lower in the HEIA cohort study than what was reported in the year of 2000,
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recent trend studies consistently suggest such changes in frequency of intakes since the year
of 2001 [80, 87]. Time spent on TV/DVD and PC/games among 11 year olds in the HEIA
cohort study (TO0) is comparable with nationally representative data among 9 year olds in
2011. Thus we believe a relative accuracy of the measurements used assessing dietary and

screen time behaviours in the present thesis.

The use of parental education as an indicator of the adolescents’ family SES has both
advantages and drawbacks. Parental education is a hierarchic indicator of a persons SES, and
the advantages include that education is easy to report and that few members of the
population are excluded [126, 128, 171]. Moreover, level of education among adults
undergoes small changes over the years, is considered available in both genders, and self
reported measurements are considered to be reliable [126, 171]. Drawbacks are related to
comparison with other countries, as well as across a larger time span and generations [126,
171]. However, such drawbacks are not considered as an issue in the HEIA study. The
parental education variable used in the present analyses included information from the parent
with the highest educational level, or else the one available. This was chosen in order to
account for the highest educational level within the family, as mothers and fathers in the
Western societies today are believed to share time and responsibility for the daily care of their
children [141]. By using this variable, the parental educational level of the included
adolescents may appear artificially high. However, as data is longitudinally measured among
the same individuals, the level of parental education will still represent these adolescents’

behaviours prospectively.

Measurements of home availability and accessibility are diverse, which are confusing and
make comparisons between studies difficult [154, 172]. The availability of foods have
previously been defined as whether foods are present in an environment, and accessibility as
whether these foods are available in any form [172, 173]. Several validated measures of the
availability of fruits and vegetables have been proposed [172, 174], and good validity and
reliability are generally reported among adults for the self-report of food availability in the
home through home food inventories [123, 154, 174]. However, few instruments provide
comprehensive assessments of food availability in the home [154, 174], and few validated
measures were found for the availability and accessibility of unhealthy foods such as SSB in
the home [123]. Presumed accessibility of soft drinks was in the present study measured by

adolescents and parent with the question: “When soft drinks with sugar are available at home,
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can you (your child) serve yourself (him-/herself) as you (he/she) please(s)?”. Hence, when
asked among parents the question did not only measure presumed accessibility of soft drinks
in the home, but to some extent also imply rules of consumption. However, no studies were
identified to investigate parental regulation of adolescents’ soft drink consumption by parental
reports, and thereby data on validation testing of such measurements were not available. The
current results should therefore be considered as preliminary in this field, and methodological
studies are needed to establish good measurement of the presumed accessibility of foods in
the home, as measured by adolescents and by parents.

Single items were predominately used to measure determinants of behaviour in the present
study. This was a consequence of keeping the questionnaire within a reasonable extent, when
addressing both multiple behaviours and their related determinants simultaneously [165]. The
use of single items to assess determinants of behaviour may be less reliable and valid due to
measurement error and greater score variation, than using multiple-item measures as proposed
in psychometrics [175]. However, a single measurement may be sufficient when measuring a
context not directly linked to an individual characteristic [175], such as availability in the
home. Multiple items measuring parental regulation of TV/DVD time and PC/game time were
available in the HEIA study. However, in order to keep as many parents as possible in the
present study only single item measurements were included in the analyses. This was because
missing appeared as a problem across the items, even when allowing for missing in one of the
construct items. Thus all facets of parental regulation may not be captured, that may be a
limitation in the present analyses. As few studies are available to make comparisons of the
results, future studies should possibly include the use of multiple-item scales in order to verify
the present analyses. Moreover, parental regulation of TV/DVD time obtained low test-retest
correlation coefficients, indicating less reliability of these measurements. However, the larger
sample size the larger tolerance of a less reliable instrument [176], and thus we believe the

reliability of these measurements to be acceptable for the present analyses.

4.1.3 Evaluating the magnitude of tracking

Several methods can be used to evaluate the magnitude of tracking, which make comparison
of tracking difficult [59]. For the tracking of continuous variables, Pearson and Spearman’s
rank correlation coefficient have been widely used [177]. However, significance testing of a

tracking coefficient does not provide information about the magnitude of tracking, but rather
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that tracking are significantly different from zero [59]. Continuous outcome variables can be
divided into percentile groups or into groups according to pre-determined cut-off points [177].
By introducing cut-offs on continuous variables, it is important to notice that some
information will be lost when the outcome variables are grouped [177]. For dichotomous and
categorical variables a predictive value and relative probability can be calculated [177].
However, it is important to take into consideration that the higher possibility of tracking in
extreme groups simply may be caused by statistical property when interpreting the proportion
of tracking [59]. Thus tracking can only be concluded when the tracking proportion is
significantly different between groups [59]. A commonly used measurement is also tracking
by Cohen’s Kappa [59]. As this method is weighing movement between groups equally [58],
Cohen [178] further developed a correlation coefficient of weighted Kappa accounting for

distances of movements over time.

More methodologies are available in order to measure tracking of several longitudinal time
points [177]. As the present study conducted the first follow-up already after eight months,
small changes were expected between TO and T1. Nevertheless, the transition period between
children and adolescence is a critical period during which rapid changes are expected to occur
[1]. As tracking is influenced by the duration of follow-up it is important to take into account
that a high tracking coefficient during a short period of time does not necessarily indicate
more tracking than a modest tracking coefficient during a longer time span, when comparing
the results [59]. Tracking patterns can illustrate evidence of tracking by investigating changes
in mean group behaviours over several time points as the maintenance of a relative position in
rank [160]. However, a tendency of regression towards the mean will necessarily occur in
such analyses, and needs to be accounted for when interpreting the results. This phenomena is
a result of the higher statistical probability of an extreme value at one time point being more
likely to become less extreme on the next occasion when there is a non-perfect correlation

among the two variables, which means almost all of the time [179].

4.1.4 Approaches to mediation analyses

The assessment of mediation is conducted by a series of regression analyses, and different
approaches are proposed to statistical mediation analyses [106, 162, 163, 180]. Baron and
Kenny’s casual step approach from 1986 [162], is the most widely used method for mediation

analyses [106, 181]. However, lately several limitations of this approach have been discussed,
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especially in regards to the requirement of a significant association in the total effect (c-path)
for mediation to occur [106, 163, 181, 182]. The product of coefficients approach to
mediation analyses is thus recommended, because it can establish mediation even with the
absence of a total effect [181, 183], and is therefore more suitable of detecting mediation in
smaller samples [163, 184]. As stated by Shrout and Bolger [182], when a casual process
becomes more distal the effect size normally gets smaller because of possible intermediate
effects on the relationship. Finally, it is argued that results of mediation analyses should be
reported even in the presence of null findings since they have the potential to extend our

understanding of behaviour change [181].

In order to test for significance of the mediation effect a 95% confidence interval is needed,
which can be obtained by using the Sobel’s test that are suggested to be accurate in models
with more than one mediator if the sample size exceeds 100-200 [106, 163]. However, this
approach assume that both the a-path and the b-path follow a multivariate normal distribution
as well as a normal distribution of total and mediation effects, which is rarely true [163]. By
using bootstrapping methods, with preferably resampling of 1000 independent samples, the
distribution will be examined empirically and thus this problem will be avoided [182].
Percentile bootstrap confidence intervals is then calculated, which reduces the problems with
Type 1 errors and power when used in hypothesis testing [163]. Bias-corrected bootstrap tests

are furthermore recommended in order to increase the power of the analyses [163, 164].

4.2 Interpretation of results

The main findings of this thesis will be discussed in light of the methodological aspects
considered. Firstly the tracking of dietary behaviours will be addressed, followed by social
differences by parental education in adolescents’ prospective intake of SSB and screen time
behaviours. Subsequently possible mediating effects of the home environment on the
relationship between parental education and adolescents’ prospective intake of soft drinks and
screen time behaviours will be presented. Finally, gender related parent-child relationships of

screen time will be assessed.

4.2.1 Tracking of dietary behaviours (Paper I)

Childhood and adolescence are key periods in life for the development of long-lasting dietary
behaviours [5, 70, 72]. Moreover, adolescence is a period of rapid behavioural, psychological
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and biological development that may influence such behaviours [5]. Studying the tracking of
dietary behaviours during this age may help determine the proper timing of interventions to
target behaviour changes, and thus establish good opportunities for a healthy diet in the

future.

The present study found fair to moderate tracking of fruits and vegetables between the ages of
11 and 13 years. The findings is in line with previous studies [65, 185-187], although
comparability between tracking studies is complicated due to differences in methods used and
duration of follow-up [59]. The results indicate that low consumers of fruits and vegetables
are likely to remain low consumers during this age, and that interventions aiming to increase
intake should be aimed at even younger children. An Australian study investigating the
tracking of fruit and vegetables in younger children, indicated high stability from the age of
six years with follow-up after three and five years [186]. These findings may suggest that
adolescents’ dietary behaviours of fruit and vegetable intake are established even before the
age of six. However, more studies are needed to investigate the critical age of when such

dietary habits are initiated.

Results from the present study further add to the limited knowledge regarding tracking
patterns of unhealthy dietary behaviours, by consumption of snacks, soft drinks and squash in
children during the transition into adolescence. Fair tracking of snacks was observed from the
age of 11 to 13 years, based on two questions measuring the usual consumption of
chocolates/sweets and salty snacks. Previous findings are inconsistent [185, 186, 188],
however the definition of snacks varied between studies. A recent Australian study reported
moderate to high stability of the intake of sweet and sour energy dense snacks among both six
year olds and 11 year olds when followed up after three and five years [186]. The intake of
snacks were then measured by 13 items consumed during the last week [186]. Tracking
depends on the categorical grouping of variables [177], which may have influenced the results
of the present study where tracking groups were based on quite narrow intervals. However,
corresponding correlation coefficients were obtained when looking at snacking as a grouped
variable by Cohen’s weighted Kappa and as a continuous variable by Spearman’s rank
correlation (Cohen’s x,=0.3, Spearman’s r;=0.3). Thus the present results are through
multiple analyses believed to reflect the tracking of chocolates, sweets and salty snacks

among these adolescents between the ages of 11 and 13 years.
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Fair to moderate tracking were observed for the consumption of soft drinks and squash
between the ages of 11 to 13 years. Previous findings among Swedish nine year olds reported
low tracking of SSB over six years [185]. Inconsistency in results may be due to the existing
methodological differences in defining variables, as well as methodological differences as
data was collected through a 24 hour recall [185]. Importantly, the age span of which
adolescents were measured differed between studies, as well as the time period investigated.
Hence, more studies are needed in order to investigate the magnitude of tracking of energy
dense snacks and SSB among children during transition into adolescence.

The overall small changes and the fair to moderate tracking observed in dietary behaviours
from the age of 11 to 13 years in the present study may be anticipated, because in general we
expect small changes during such a short time period. However, rapid changes are expected to
occur in children during transition into adolescents, and a significant increase in the intake of
soft drinks was observed during the 20 months of assessment. Thus, the adolescents may be
more independent in their preferences at the age of 13 years, and the amount of pocket money
may have increased allowing the adolescents to buy what they want. Further understanding of
determinants influencing adolescents’ prospective soft drink intake is therefore important
during this age, to be able to prevent negative behaviour changes to occur, and further
influence future health. However, few studies have examined determinants of adolescents’
intake of SSB longitudinally [89, 189].

4.2.2 Social inequalities by parental education (Paper I - III)

Social inequalities are consistently observed in adolescents’ health behaviours, and parental
education is an important indicator of such differences [190, 191]. However, inconsistent
findings have been reported for the relationship between parental education and unhealthy
dietary behaviours [75] and screen time [122] among adolescents. Few studies have

investigated such relationships longitudinally.

Sugar sweetened beverages (SSB)

The present study found the consumption of soft drinks to significantly increase among boys
and girls between the ages of 11 to 13 years. Significant differences were furthermore found
between level of parental education and adolescents’ soft drink intake at both ages, where a

higher level of education was associated with a lower consumption. Regression analyses
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confirmed that parental education predicted the intake of soft drinks among 13 year olds,
when adjusting for gender. However, by investigating change in behaviour over time, no such
relationship was observed between parental education and the change in adolescents’ soft
drink intake between the ages of 11 and 13 years, when adjusting for gender and weight
status. The results may indicate that differences by parental education in adolescents’ soft
drink intake may already be established before the age of 11 years, and that these differences
do not necessarily increase between the ages of 11 and 13 years. Other studies investigating
prospective relationships between parental education and adolescents’ soft drink consumption
were not found, and more longitudinal studies are needed in order to conclude on such

relationships.

The present study further reported differences by parental education in adolescents’ tracking
of soft drinks and squash during the 20 months of assessment. Adolescents having parents
with a high education level had higher odds of consuming a stable low than a stable high
intake of soft drinks and squash between the ages of 11 to 13 years, when compared to
participants having parents of a lower level of education. Tracking in dietary intakes among
Chinese children aged 6-13 years, and followed-up after six years, indicated that mothers’
nutritional knowledge, health consciousness and exposure to media may be more important
than maternal education in predicting dietary tracking [65]. However, the results are hardly
comparable to the present results due to the study population from a developing country
undergoing rapid social and economic transitions [65]. The results of the present thesis imply
that differences by parental education were important in adolescents’ maintenance of soft
drink and squash consumption among these semi-urban adolescents’ of highly educated
parents. Hence, it is important to investigate possible modifiable factors of parental education
on adolescents’ prospective intake of SSB, in order to identify target variables to include in

future interventions aimed at reducing social inequalities in consumption.

Screen time behaviours

Previous findings from the HEIA cohort study investigating screen time behaviours among
adolescents, reported no significant associations between parental education and total screen
time (total of TV/DVD and PC/games) at the age of 11 years [159]. However, parental
education was found to predict girls’ total screen time among 13 year olds, with an inverse
relationship [159]. By investigating TV/DVD and PC/games as separate behaviours, the

present study concurrently observed no cross-sectional differences by parental education in
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adolescents’ time spent on TV/DVD or PC/games at the age of 11 years. Although, significant
differences were found between level of parental education and adolescents’ TV/DVD and
PC/game time at the age of 13 years. Such relationships were further examined by regression
analyses, when adjusting for adolescents’ gender, weight status and living status. The results
showed that parental education predicted time spent on PC/games among adolescents at the
age of 13 years. However, a relationship was no longer observed in adolescents’ prospective
time spent on TV/DVD. A previous study reported inconsistent results on the prospective
relationship between parental education at the age of 13 years and girls’ television viewing
and videogame playing after six months [192], and no relationships were reported between
parental education level at the age of 9-12 years and adolescents’ television viewing, playing

video games or computer use at the age of 14 years and older [193].

The lack of influence from parental education on adolescents’ prospective TV/DVD time in
the present study may be caused by the fact that social differences in adolescents’ prospective
TV/DVD time were less important in this group of 11-13 year olds. Although, the findings
may indicate that such differences may become more predominant by age. A recent cross
sectional study among Norwegian 6-15 year olds reported that children of parents with higher
education were associated with less screen time as well as a lower frequency of television in
the child’s bedroom [194]. Other factors in the home environment are consistently shown to
be important correlates of adolescents’ television viewing, such as such as parental modelling,
regulation, availability and accessibility of televisions in the home [90, 122]. Hence, other
determinants in the home may be stronger in influencing the adolescents’ prospective
behaviour during adolescence than the highest level of education among parents. However,
the level of parental education was high in this group of 11 year olds, and analyses were based
on a binominal variable which may not capture all gradients of parental education. More
research is needed in order to investigate the prospective relationship between parental

education and different screen time behaviours during adolescence.

Tracking of adolescents’ screen time behaviours have furthermore been investigated in the
HEIA cohort study, implying fair to moderate tracking between the ages of 11 to 13 years
[159]. However, parental education was not found to be associated with tracking of
adolescents’ total screen time between the ages of 11 and 13 years [159]. A significant
increase in adolescents’ TV/DVD and PC/game time was observed during the 20 months of

assessment, and the study concluded that variables from other domains may be more
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important than sociodemographic factors in influencing the maintenance of total screen time
in adolescents of this age [159]. There is thus a need to look into possible modifiable

determinants of screen time in children during transition into adolescence.

4.2.3 Mediating effects of the home environment (Paper II and III)

The relationship between parental education and dietary and sedentary behaviours may be
explained through determinants in the home environment [75, 122], but this has not been
much studied. There is furthermore a lack of longitudinal studies and studies that investigate
multiple determinants concurrently [111], which is strongly needed to take into account the

complex interaction of influences of the home from different environmental levels [119, 123].

Accessibility and availability of soft drinks in the home

The present study observed a significant mediation effect of perceived accessibility of soft
drinks measured by adolescents and mothers. The mediators explained the relationship of
parental education predicting adolescents’ soft drink consumption at the age of 13 years. The
results indicate that a lower level of education was related to a higher accessibility of soft
drinks, which was further predicting a higher soft drink intake between the ages of 11 and 13
years. A significant direct effect was furthermore found between parental education and the
prediction of adolescents’ soft drink intake (c’-path), indicating that this relationship still
existed after adjusting for the possible mediating effects (partial mediation). Availability of
soft drinks at home was not found to mediate such relationship, because no significant
difference by parental education was observed. Perceived accessibility of soft drinks
measured by fathers was no longer found to be a significant mediator after adjusting for
adolescents’ and mothers’ reports. This was due to a weaker relationship between paternal
perceived accessibility and adolescents’ prospective soft drink intake, and may indicate that
mothers are more attentive in regards to the accessibility of soft drinks at home. However, a
moderate correlation was found between parental reports of perceived accessibility (r=0-47),
and caution should therefore be made before disregarding the importance of perceived
accessibility of soft drinks reported by fathers.

The results imply that perceived accessibility measured by adolescents and parents may be
important determinants to consider in interventions aiming to reduce differences by parental

education in adolescents’ soft drink consumption, and should be further investigated. Previous

39



findings are scarce, however a recent cross-sectional study among preschool children in
Belgium found the relationship between parental education and consumption of soft drinks to
be almost entirely mediated by accessibility at the dinner table, availability in the home and
permissiveness [195]. Another cross-sectional study suggested perceived accessibility at
home and modelling (descriptive norms from important others) among Norwegian 16 year
olds to partly mediate the relationship between adolescents’ future educational plans and soft
drink consumption [196]. Furthermore, cross-sectional analyses indicated that the relationship
between home environmental variables of availability, accessibility, parental modelling and
parental rules, as measured by 14 year olds, and adolescents’ soft drink consumption was
partly mediated by habit strength and intention to consume soft drinks within the next six
months [197]. Other factors in the adolescents’ home environment may be involved in
explaining the relationship between parental education and adolescents’ prospective soft drink
intake, and caution should therefore be taken before a conclusion can be made. As the present
measurement of perceived accessibility among parents may have be influenced by parental
rules, the results may indicate a possible influence of parental education on parental house
rules that further affect adolescents’ soft drink intake over time. Future mediation analyses
investigating possible mediating effects of the home environment in the relationship between
parental education and adolescents’ soft drink consumption should include both sociocultural
and physical environmental variables as well as examine possible moderating individual

determinants.

Parental modelling and regulation of screen time

A significant mediation effect of maternal and paternal modelling of adolescents’ TV/DVD
time was observed in the present analyses. The mediators were found to explain the
relationship of parental education predicting adolescents’ TV/DVD time at the age of 13
years. Indicating that a lower level of parental education was related to more parental
TV/DVD time, which was further predicting more TV/DVD time between the ages of 11 and
13 years. However, no total or direct effect of parental education on adolescents’ TV/DVD
time was observed. The level of parental education was high in the included sample of
participants, as well as measured by the educational level of the parent with the highest
educational level. This may have underestimated the differences by parental education in this
sample of participants, as the participating parents may be seen as more health conscious than

the parents that did not participate.
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The results indicate that the relationship between parental education and adolescents’
prospective time spent on TV/DVD is explained through parental modelling in this sample of
11 to 13 year olds. Thus, parental modelling of TV/DVD time may be important to consider
when intervening on adolescents’ TV/DVD time across social groups. However, no mediation
by parental regulation of adolescents’ prospective TV/DVD time was observed, as differences
in regulation by parental education were not found. The findings are supported by a recent
cross-sectional study indicating that restrictions of children’s television viewing seemed less
important as a mediator between maternal education and 11 year old children’s television
viewing than among six year olds television viewing [198]. It is important to notice that the
present study questioned the reliability of measuring parental TV/DVD regulation as a single
construct. Although, the lack of test-retest reliability among parents may be somewhat
explained by less established rules related to adolescents’ TV/DVD time than for PC/game
time. Thus, further studies should investigate the role of parental regulation in the casual
relationship between parental education and adolescents’ TV/DVD time. A recent cross-
sectional study further found number and placement of television in the home to be the
strongest mediators of the relationship between maternal education and 11 year old children’s
television viewing [198]. Further studies should additionally investigate other possible
influences of the home food environment on adolescents’ TV/DVD time, such as the

availability and accessibility in the home.

The present study did neither find parental modelling nor regulation to mediate the
relationship of parental education on adolescents’ prospective PC/game time. These results
imply that parental modelling is less important as an intermediate variable when explaining
differences by parental education in adolescents’ prospective PC/game time. Few studies are
found to investigate associations of the home environment on adolescents’ time spent on
PC/games [122]. The results may be reflect by the larger differences in time spent on
PC/games between parents and adolescents, than what was observed for TV/DVD time.
Hence, adolescents’ may be more independent in their time spent on PC/games, which can be
more influenced through social contexts with siblings and friends rather than with parents.
Other factors in the home environment may be more important mediators of adolescents’ time
spent on PC/games by parental education, and thus availability and accessibility of computers
in the home, presence and interaction with siblings and friends should be a matter for further

investigation.
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4.2.4 Parent-child gender relationships (Paper I1I)

Previously reviewed research on parent-child relationships indicate that mothers invest more
time and are more involved in parenting during adolescence compared to fathers, and are thus
considered closer to adolescents of both genders [199]. However, while mothers are more
engaged in care giving, the fathers tend to be more involved in leisure activities [199]. The
HEIA study previously reported gender relationships of overweight and weight circumference
between both parents with their sons and between mothers and daughters at the age of 11
years [147]. The same gender relationships were found among 11 year old adolescents’
consumption of SSB, but such findings were less consistent for the intake of fruits and
vegetables [200].

The present study found correlations between mothers’ and fathers” TV/DVD time with boys
and girls TV/DVD time at both ages of 11 and 13 years, and the associations seemed to
become stronger by age. A steady increase of time spent watching television in gender dyads
of parents and adolescents has been reported from the age of 9-10 years to the age of 15-17
years [45]. Previous findings have furthermore reported that parents spend less time with their
children in other social contexts as they grow older [45]. The present findings may suggest
that adolescents spend more time on TV/DVD with their parents as a shared activity when
they grow older, probably as a result of spending time together as a family and due to

prolonged waking hours.

The present study furthermore observed cross-sectional associations between mothers and
their sons PC/game time and fathers and their daughters PC/game time at the age of 11 years.
The evidence on gender relationships of adolescents’ use of computer and electronic games is
limited, but a previous cross-sectional study among Portuguese 7 to 10 year olds consistently
showed that paternal television viewing was significantly related to their daughters’ PC and
electronic game time during weekends [201]. Correlations in gender dyads of parents’ and
adolescents’ time spent on PC/games were no longer observed at the age of 13 years. The
results may reflect the fact that time spent on PC/games is less of a shared activity among
parents and adolescents, and thus less influenced by parental behaviours when adolescents

grow older.

These results indicate that the fathers are more important in the adolescents screen time habits

in both genders, than what was observed for these adolescents’ dietary behaviours by Bjelland
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et. al. [200]. It is important to notice that most previous research has been focusing on the
mother as a representative of parents’ and excluded the role of fathers in the home
environment [141]. Hence, important cross gender relationships between parents and
adolescents may exist within the different EBRB. More research is needed in order to identify
possible prospective gender specific influences of parental modelling on children’s screen

time when growing into adolescence.
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5 CONCLUSION

This thesis suggests that promotion of healthy dietary behaviours at an early age is important
to prevent the establishment of unfavourable dietary behaviours later in adolescence. Fair to
moderate tracking of the dietary intake of fruits, vegetables, snacks, soft drinks and squash
was observed among boys and girls between the ages of 11 and 13 years. The intake of soft
drinks furthermore increased significantly between these ages. Availability and perceived
accessibility of soft drinks at home, as measured by adolescents, mothers and fathers, were
found to predict an increased intake between the ages of 11 and 13 years. These results
indicate that early adolescence is a critical phase for the onset of soft drink consumption.
Availability and perceived accessibility of soft drinks at home may be important determinants
to consider preventing an increase in intake over time, and positively influencing future
health.

An inverse association was found in both genders between level of parental education and
level of tracking in adolescents’ soft drink and squash consumption, as higher odds of
consuming a stable low than a stable high intake was observed among those with a higher
level of parental education. The results imply that inequalities by parental education in
adolescents’ consumption of soft drink and squash were maintained from the age of 11 to 13
years. A higher level of parental education furthermore predicted a lower intake of soft drinks
among 13 year olds. However, no association was seen between parental education and the
change in adolescents’ soft drink intake between the ages of 11 and 13 years, indicating that
differences by parental education were already established before the age of 11 years.
Moreover, perceived accessibility of soft drinks at home, as measured by adolescents and
mothers, was found to be important mediators in the relationship of parental education
predicting adolescents’ soft drink intake, by increasing the consumption from age 11 to age
13. Thus, these may be important target variables in order to reduce adolescents’ prospective

soft drink intake across social groups.

Results from the present thesis showed cross-sectional and longitudinal relationships in
gender dyads of parents and adolescents’ screen time. Both parents’ TV/DVD time was
associated with adolescents’ TV/DVD time among boys and girls at the age of 11 and 13
years. Opposite gender dyads were observed for PC/game time at the age of 11 years, but the

association was not seen in either gender at the age of 13 years. These findings may suggest
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that adolescents spend more time on TV/DVD with their parents as a shared activity, while
time spent on PC/games is less of a shared activity among parents’ and adolescents when they

grow older.

Parental modelling of TV/DVD time further predicted more time spent on TV/DVD and
parental regulation predicted less time spent on TV/DVD between the ages of 11 and 13
years, while a higher level of parental education predicted less time spent on PC/games
among adolescents. Suggesting that these may be important home environmental
determinants to consider when aiming to reduce adolescents’ prospective TV/DVD and
PC/game time. However, other factors in the home environment may influence adolescents’
prospective screen time and should be included in future studies, such as the availability and
accessibility of screens in the home. Parental modelling may further be an important target
variable in reducing adolescents’ prospective TV/DVD time across social groups, as both
maternal and paternal modelling was found to be important mediators of the relationship

between parental education and adolescents’ prospective TV/DVD time among 13 year olds.

5.1 Implications for further research

Changes in energy balance-related behaviours may occur during key life stages such as
children growing into adolescence. There is limited evidence in regards to the tracking of
dietary behaviours between childhood and adolescence. The present findings indicated
tracking of dietary behaviours between the ages of 11 and 13 years, and thus highlight the
importance of starting before the age of 11 years to prevent the establishment of unfavourable
dietary behaviours later in adolescence. Hence, the tracking of dietary behaviours among
children should be further investigated. Moreover, few studies have investigated changes in
intake of energy dense and sugary foods among adolescents over time, and thus more

longitudinal studies should be conducted.

Relatively few studies have included variables in the home environment as measured by
parents. Even less evidence is found including both mothers and fathers reports as most
previous research has been focusing on the mother as a representative of parents, and thus
excluded the role of fathers in the home environment. The present study found novel cross-
sectional and longitudinal relationships of different screen time behaviours in gender dyads of

parents and adolescents, indicating that mothers and fathers may influence their children
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differently. Hence, important parent-child relationships may exist in adolescents’ EBRB that

are currently not understood, indicating a need for further studies.

The present study is furthermore among the first to investigate the prospective relationship
between parental education and adolescents dietary and screen time behaviours. More studies
are needed in order to conclude on the association between parental education and tracking of
dietary behaviours in children during the transition into adolescence. Moreover, few studies
have investigated the prospective relationship of parental education on adolescents’ soft drink
consumption as well as screen time during adolescence. Hence, more evidence is needed in
order to draw a conclusion. Important determinants in the home environment were found to
influence adolescents’ prospective intake of soft drinks and time spent on TV/DVD and
PC/games. Both availability and accessibility in the home, as well as parental modelling and
regulation seems to be important factors that should be included in further analyses.

5.2 Implications for health promotion

In 2010 the Norwegian Directorate of Health presented the “National guidelines for
prevention, assessment and treatment of overweight and obesity in children and adolescents”
[50]. These guidelines aimed to prevent the onset of overweight among children and
adolescents by establishing a healthy lifestyle at an early age, as well as to identify children
and adolescents at risk of an unhealthy weight development. The importance of involving the
family and surroundings of the child in collaboration with the primary school health service is
highlighted, to be able to influence their daily dietary and activity habits. The present thesis
contributes with knowledge in regards to the parental role in young adolescents’ dietary and
screen time behaviours, which further may influence weight status. Furthermore, important
gender relationships between parents’ and adolescents’ behaviours are highlighted. Even
though mothers are found to be important providers and role models for their children, fathers
seem to have a great role in adolescents’ health behaviours that has previously been less
highlighted, probably due to lack of such data. Involving both parents in prevention strategies
of an unhealthy lifestyle among adolescents might be of importance in regards to adolescents’
weight status. By increasing parental awareness of the importance of determinants in the
home, such as availability and accessibility of soft drinks, modelling and regulation of
TV/DVD time, parents may to a larger degree contribute in reducing adolescents’ intake of
soft drinks and time spent on TV/DVD, respectively. Raising awareness of these
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determinants, resulting in a healthier lifestyle, may further have implications for adolescents’

prospective behaviours, and thus influence future health.

The Norwegian white paper “National strategy to reduce social inequalities in health 2006-
07 argues that to reduce social inequality in health it is important to reduce inequality in diet,
physical activity, smoking and other health-related behaviours, and to focus the efforts on
structural causes of these behaviours [49]. This thesis contributes to the National strategy by
highlighting the importance of parental education in dietary and screen time behaviours
during adolescence, of which differences in adolescents’ prospective soft drink consumption
and PC/game time in particular should be emphasized. Moreover, the mediating effect of
home environmental variables in explaining the relationship between parental education and
adolescents’ health behaviours was observed longitudinally. Thus, factors in the home
environment were found to be related to adolescents’ dietary and screen time behaviours, and
may furthermore be important determinants to target in interventions aiming to reduce social
differences in such behaviours among Norwegian 11 to 13 year olds. By targeting the
accessibility of soft drinks at home, adolescents’ soft drink intake can be reduced across level
of parental education. Subsequently, targeting parental modelling of time spent on TV/DVD
may be an important target variable to consider in interventions aiming to reduce TV/DVD
time across social groups of parental education. This may be done by involving the family and

surroundings of the adolescents in collaboration with the primary school health service.
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