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Summary

Background

A healthy balanced diet throughout childhood is an important determinant for health and wellbeing
and is a key factor in prevention of overweight and several chronic diseases. Knowledge about
children’s dietary habits is therefore an important public health issue, and valid and reliable dietary
assessment methods for children are needed. Children’s dietary intake on weekdays and weekend
days and the relationship between sleep duration and diet have only been sparsely investigated and
further insight into these aspects may be valuable for further research and public health initiatives.

Objectives

The specific objectives of the present thesis were: (i) to evaluate energy intake (EI) estimated with a
2x24-hour recall method (2x24-HDRs) and the 7 day pre-coded food record (7-dFR) used in the
Danish National Survey of Dietary Habits and Physical Activity 2003-2008 in children (Paper I); (ii) to
compare children’s diet quality on weekdays (Monday-Thursday), Fridays and weekend days
(Saturday-Sunday) (Paper II); (iii) to investigate their dietary intake patterns on weekdays and
weekend days (Paper III); and (iv) to examine the relationship between sleep duration, BMI and food
and nutrient intake in children (Paper IV).

Methods

El estimated with 2x24-HDRs and the 7-dFR was evaluated by comparison with energy expenditure
(EE) assessed using ActiReg® (PreMed AS, Oslo, Norway), a combined position and motion recording
instrument. The study was conducted as part of the EFCOVAL (European Food Consumption
Validation) study and included children in the age of 7-8 years (n=67) and 12-13 years (n=64). The
analyses for Paper II-IV were based on data from the Danish National Survey of Dietary Habits and
Physical Activity 2003-2008 and were conducted for the three age groups 4-6, 7-10 and 11-14 years.
Diet quality was assessed by use of indicator variables and the unit g/10M], while dietary intake
patterns were identified by use of Principal Component Analysis (n=784). The relationship between
sleep duration, BMI and food and nutrient intake was assessed by Spearman’s correlation coefficient
and multiple linear regression analysis (n=802).

Results

Compared to EE, EI was overestimated by 3% with the 2x24-HDRs (P=0.126) and underestimated by
7% with the 7-dFR (P=0.001) in the 7-8 year-old children. In the 12-13 year-old children, EI was
underestimated by 10% with the 2x24-HDRs (P<0.001) and by 20% with the 7-dFR (P<0.001). The
Pearson correlation coefficients between EI and EE were 0.48 for Elzxz4-upr and 0.32 for El7.grr in the 7-
8 year-olds, and 0.48 for Elzwaupr and 0.37 for El7.ge in the 12-13 year-olds. The proportion of
children classified in the same or adjacent quartiles was 76% for Elzx24-upr and 73% for El7.qrrin the 7-
8 year-olds, and 83% for Elzx4-upr and 70% for El7.¢rrin the 12-13 year-olds.

For both genders in all three age groups, EI was consistently higher on weekend days than on
weekdays. Moreover, intake of sugar-sweetened beverages and white bread was higher, whereas
intake of rye bread was lower. This is in accordance with the findings of a higher percentage of energy
from added sugars, a lower fibre content and a higher energy density of the diet on weekend days than
on weekdays. In children aged 4-6 and 7-10 years, the diet on weekend days was also characterised by
higher intakes of sweets and chocolate and lower intakes of fruit and vegetables (P<0.05). Overall, the
diet on Fridays appeared as a mix of the diets on weekdays and weekend days. Two dietary patterns



labelled “processed” and “health conscious” emerged consistently on both weekdays and weekend
days. Factor scores from corresponding dietary patterns were significantly correlated between
weekdays and weekend days with exception of the “health conscious” pattern in the 7-10 year-olds.
Children with high agreement for the “processed” pattern had a higher intake of sugar sweetened
beverages, lower intakes of fruit and vegetables and a higher dietary energy density compared to
children with high agreement for the “health conscious” pattern (P<0.05). Moreover, these variables
indicated that the actual dietary intake on weekend days was less healthy compared to week days for
both patterns.

Sleep duration and BMI was negatively correlated (P<0.001). In multiple linear regression analyses,
sleep duration was not associated with energy intake (beta=-0.044, P=0.097), but solely with intake of
vegetables (beta=0.057, P=0.027), dietary fibre (beta=0.054, P=0.041) and liquid “empty calories”
(beta=-0.055, P=0.035).

Conclusions

Misreporting of EI seemed modest at group level both with the 2x24-HDRs and the 7-dFR in the 7-8
year-old children, whereas under-reporting appeared to be more evident in the 12-13 year-olds,
especially with the 7-dFR. Overall, the 2x24-HDRs performed slightly better than the 7-dFR in terms of
ranking of individuals according to EI. However, there are other aspects than EI that should be taken
into consideration in the overall evaluation of the two methods, for example that the higher EI with the
2x24-HDRs mainly comprised higher intakes of healthy foods compared to the 7-dFR. Further
developments and refinements of dietary assessment methods are especially needed for older children
and adolescents.

For both genders in the three age groups, average EI and energy density of the diet were consistently
higher on weekend days than on weekdays. The diet quality appeared to be lower on weekend days
compared to weekdays and to be at an intermediate level on Fridays. The dietary pattern analyses
suggest that children tend to maintain the same overall dietary patterns in weekdays and weekends,
although the actual dietary intake is generally less healthy during weekends. These findings indicate
that more focus on the differences between weekdays and weekend days regarding EI and key
variables, such as fruit and vegetables and foods high in added sugars, could prove useful for
enhancing public health initiatives, especially regarding children with less healthy dietary patterns.

Sleep duration was negatively correlated with BMI. However, sleep duration was not associated with
energy intake and the conception that children with short sleep duration have less healthy eating
habits than children with longer sleep duration was only weakly supported by the present findings.
More research is required to understand better the implications of chronic short sleep duration on
appetite and energy balance, and whether strategies to improve sleep can influence appetite control
and risk for weight gain.



Sammenfatning (Danish summary)

Baggrund

En sund og varieret kost gennem barndommen er en vigtig determinant for sundhed og trivsel og er en
betydningsfuld faktor i forebyggelsen af overvaegt og en raekke kostrelaterede sygdomme. Viden om
bgrns kostvaner er derfor et vigtigt folkesundhedsmeessigt aspekt, og der er behov for at have valide
og palidelige kostregistreringsmetoder. Bgrns kostindtag pa hverdage og weekenddage samt
sammenhangen mellem sgvnleengde og kost er kun undersggt i begraenset omfang, og bedre indsigt i
disse aspekter kan veere veerdifuld i videre forskningsgjemed og for sundhedsfremme.

Formadl

De specifikke formal med neaervaerende athandling var: (i) at evaluere energiindtag (EI) estimeret med
en 2x24-timers recall metode (2x24-HDRs) og den 7-dages prae-kodede kostdagbog, der er anvendt til
bgrn i Den nationale undersggelse af danskernes kostvaner og fysiske aktivitet 2003-2008 (Paper I),
(ii) at sammenligne bgrns kostkvalitet mellem hverdage (mandag-torsdag), fredage og weekenddage
(Igrdag-sgndag) (Paper II), (iii) at undersgge deres kostmgnstre pa hverdage og weekenddage (Paper
III), samt (iv) at undersgge sammenhangen mellem sgvnleengde, BMI og kostindtag blandt bgrn
(Paper 1V).

Metoder

El estimeret med 2x24-HDRs og med kostdagbogen blev evalueret ved sammenligning med
energiforbrug (EE) malt ved hjeelp af ActiReg® (PreMed AS, Oslo, Norway), en kombineret positions-
og bevagelsessensor. Undersggelsen blev udfgrt som en del af EFCOVAL (European Food
Consumption Validation) studiet og inkluderede bgrn i alderen 7-8 ar (n=67) og 12-13 ar (n=64).
Analyserne til Paper II-IV blev baseret pa data fra Den nationale undersggelse af danskernes kostvaner
og fysiske aktivitet 2003-2008 og blev udfgrt for de tre aldersgrupper 4-6, 7-10 og 11-14 ar.
Kostkvaliteten blev undersggt ved hjeelp af indikatorvariable og enheden g/10M], mens kostmgnstre
blev identificeret ved hjaelp af Principal Komponent Analyse (n=784). Sammenhzengen mellem
sgvnleengde, BMI og kostindtag blev analyseret ved hjelp af Spearmans korrelationskoefficient og
multiple lineaere regressionsanalyser (n=802).

Resultater

I forhold til EE blev EI overestimeret med 3% med 2x24-HDRs (P=0.126) og underestimeret med 7%
med kostdagbogen (P<0.001) blandt de 7-8 arige bgrn. Blandt de 12-13 arige bgrn blev EI
underestimeret med 10% med 2x24-HDRs (P<0.001) og med 20% med kostdagbogen (P<0.001).
Pearson korrelationskoefficienterne mellem EI and EE var 0.48 for Elzxsnpr 0g 0.32 for Elkostdagbog
blandt de 7-8 arige, og 0.48 for Elzca-npr 0g 0.37 for Eliestdagbog blandt de 12-13 arige. Andelen af bgrn,
der blev Kklassificeret i de samme eller tilstgdende kvartiler, var 76% for Elzxsupr 0g 73% for El7.amr
blandt de 7-8 arige, og 83% for Elzx24-pr 0g 70% for Elkostdaghog blandt de 12-13 drige.

For begge kgn i alle tre aldersgrupper var EI hgjere pd weekenddage end pa hverdage. Indtag af
sukkersgde drikke og hvidt brgd var ligeledes hgjere, hvorimod indtag af rugbrgd var lavere. Dette er i
overensstemmelse med, at der var en hgjere energiprocent fra tilsat sukker, et lavere fiberindhold og
en hgjere energitaethed i kosten pa weekenddage i forhold til hverdage. Blandt bgrn i alderen 4-6 og 7-
10 ar var kosten ogsa karakteriseret af hgjere indtag af slik og chokolade og lavere indtag af frugt og
grgnt (P<0.05). Overordnet set fremstod kosten pa fredage som en blanding af kosten pa hverdage og
weekenddage.



To kostmgnstre kaldet “processed” og “health conscious” blev konsekvent fundet pa bade hverdage og
weekenddage. Factor scores fra enslydende kostmgnstre var signifikant korreleret mellem hverdage
og weekend dage med undtagelse af “health conscious”-mgnstret blandt de 7-10 arige. Barn med hgijt
tilhgrsforhold til “processed”-mgnstret havde et hgjere indtag af sukkersgde drikke, lavere indtag af
frugt og grgnt og en kost med hgjere energiteethed i forhold til bgrn med hgijt tilhgrsforhold til “health
conscious“-mgnstret (P<0.05). Derudover indikerede disse variable, at det absolutte kostindtag var
mindre sundt pd weekenddage end pa hverdage for begge kostmgnstre.

Sgvnlaengde og BMI var negativt korrelerede (P<0.001). I multiple lineaere regressionsanalyser var
sgvnlengde ikke associeret med energiindtag (beta=-0.044, P=0.097), men udelukkende med indtag af
grgntsager (beta=0.057, P=0.027), kostfibre (beta=0.054, P=0.041) og sukkersgde drikke.

Konklusioner

Fejlrapportering af EI syntes at vaere begraenset bade med 2x24-HDRs og kostdagbogen blandt de 7-8
arige bgrn, hvorimod under-rapportering var mere fremtreedende blandt de 12-13 arige, seerligt med
kostdagbogen. Generelt var 2x24-HDR metoden en anelse bedre end kostdagbogen til at rangordne
individer efter EI. Der er imidlertid andre aspekter end EI, der bgr tages i betragtning i en overordnet
evaluering af de to metoder, bl.a. at det hgjere EI med 2x24-HDRs hovedsageligt deekkede over hgjere
indtag af sunde fgdevarer i forhold til kostdagbogen. Der er endvidere szrligt behov for
videreudvikling og forbedring af kostregistreringsmetoder til stgrre bgrn og unge.

For begge kgn i de tre aldersgrupper var det gennemsnitlige EI og kostens energitaethed hgjere pa
weekenddage end pa hverdage. Kostkvaliteten blev fundet at veere lavere i weekenden end pa
hverdage, og pa et mellemliggende niveau pa fredage. Kostmgnsteranalyserne peger pa, at
overordnede kostmgnstre fastholdes mellem hverdage og weekenddage, til trods for at det absolutte
kostindtag generelt er mindre sundt i weekenden. Disse resultater indikerer, at mere fokus pa
forskellene mellem hverdage og weekenddage vedrgrende EI og ngglevariable, som frugt og grent og
fedevarer med hgjt indhold af tilsat sukker, kan vise sig gavnlig i ernaeringsoplysning, iseer i forhold til
bgrn med mindre sunde kostmgnstre.

Sgvnlengde var negativt korreleret med BMI, men sgvnleengde var ikke associeret med energiindtag,
og de foreliggende resultater stgtter kun til dels opfattelsen af, at kort sgvnleengde er associeret med
mindre sunde kostvaner. Der er brug for yderligere forskning for at opnd bedre forstielse af
implikationerne af kort sgvnleengde over lange perioder for appetit og energibalance, og for i hvilket
omfang strategier til at forbedre sgvn kan pavirke appetitkontrol og risiko for veegtggning.



1. Introduction

A healthy balanced diet throughout childhood is an important determinant for health and wellbeing
and is a key factor in prevention of overweight, obesity and several chronic diseases (WCRF/AICR
2007; WHO 2003). Childhood is a stage of life where multiple physiological and psychological changes
take place, and children represent a special population group with regard to nutrition. Because they
are growing, children have relatively high nutritional requirements, and younger children especially
are reliant on parents and care givers for many of their choices of food. Moreover, childhood is
considered as a formative period of life where habits and preferences are established, and the
development and maintenance of healthy dietary behaviours is therefore of great importance (Ovesen
etal. 2004).

Overall, the dietary intake of children in Denmark and other Western countries gives reason for
concern. Compared to food based dietary guidelines and nutritional recommendations, the diet of
many children are generally characterised by too low an intake of fruit, vegetables and fish, whereas
intake of foods high in added sugars and fat is too high (Pedersen et al. 2010; Elmadfa et al. 2009).
Moreover, the increasing prevalence of childhood overweight and obesity has become a significant
public health challenge (Matthiessen et al. 2008a; Lytle 2012; Reilly 2006). Not only do overweight
and obesity tend to track from childhood into adulthood and thereby increase the risk of subsequent
morbidity and mortality (Singh et al. 2008), childhood obesity is also associated with early markers of
adult disease such as raised cholesterol and triglycerides levels, hypertension and impaired glucose
tolerance (Lobstein et al. 2006). Independently of the weight status of the children, improved nutrition
is a vital factor in promoting health and development in children, thus, there is an obvious need to
address this issue.

Sleep duration in childhood is another aspect related to diet and health because the adequacy of sleep
duration may have an impact on weight regulation, possibly through an effect on appetite regulation
and eating patterns (Knutson et al. 2012; Kim et al. 2011). In several studies, an association between
short sleep duration and increased adiposity has been observed in children and adolescents (Patel et
al. 2008; Cappuccio et al. 2008). However, the relationship between sleep and diet is a rather new area
in nutritional science and has not been fully explored.

1.1 Dietary assessment in children

Population-wide information on food and nutrient intake in children is essential for several purposes
including monitoring of nutritional status, evaluating the effectiveness of public health interventions
and research on associations between diet and health. It is therefore important to obtain valid and
reliable data on dietary intake and determinants for dietary behaviour. It is well acknowledged that no
method is suitable for all research purposes. Each method has notable strengths and limitations to be
considered, and the most appropriate method will depend on several factors such as the objectives of
the study, the type of data required, the available resources and the population of interest (Andersen
etal. 2011).

Overall, the assessment of dietary intake is complex and presents special methodological challenges in
children (Livingstone et al. 2004). Depending on their age and cognitive developmental stage, children
may lack sufficient knowledge of food, have memory constraints and limited abilities to accurately
describe their dietary intake (Thompson & Subar 2008). Furthermore, it is generally difficult to



estimate portion sizes properly for children (Frobisher & Maxell 2003). Depending on the age of the
child, parents need to assist with supplementary information, and it is generally suggested that
children up to at least 8-10 years of age need support from their parents to complete a dietary
assessment (Livingstone 2004; McPherson et al. 2008). Children often spend many hours away from
home, and although parents may provide accurate records of what their children consume at home,
recording of out-of-home consumption can be difficult. Therefore, information about what has been
consumed may sometimes be needed from caregivers or teachers as well (EFSA 2009).

The commonly used methods in national surveys in European countries are food records and dietary
recalls, some supplemented by food frequency questionnaires (FFQs) or food propensity
questionnaires (FPQs) (Merten et al. 2011). Although most European countries conduct national food
consumption surveys, the availability of high quality and comparable food consumption data is limited
by the differing methods and design of the existing surveys (de Boer et al. 2011a; Elmadfa et al. 2009).
However, efforts to obtain more comparable methods for national surveys have been made, for
example the EFCOVAL (European Food Consumption Validation) study (Andersen et al. 2011; de Boer
et al. 2011a) that aimed to develop and evaluate a trans-European dietary assessment methodology,
and the Nordic Monitoring of Diet and Physical Activity project to establish a common, Nordic
monitoring system on diet, physical activity and overweight (Fagt et al. 2009).

1.1.1 Food records

In Denmark, the national cross-sectional survey called the Danish National Survey of Dietary Habits
and Physical Activity has used a 7-day pre-coded food record since 1995. Food records, also known as
food diaries, provide a prospective description of foods and beverages consumed. Each day during a
specified number of days, often 3-7 days, respondents record detailed information about their dietary
intake in a structured food record, which is filled out concurrently with actual intake or at the end of
each day. Food records may include pre-coded response categories combined with open answer
options to facilitate a detailed and precise recording including brand names and food preparation
methods. For weighed food records, the amounts consumed are weighed using a scale, whereas for
estimated food records, like the one used in the Danish National Survey of Dietary Habits and Physical
Activity, portion sizes are estimated in household measures or by use of pictures (Thompson & Subar
2008).

By recording dietary intake close to the time of consumption, recall bias may be reduced. Furthermore,
food records over several days, preferably including both weekdays and weekend days, can potentially
be used to provide estimates of actual or usual intake at the individual level. Among the limitations are
that the method imposes a large participation burden, and the respondents therefore must be literate
and motivated. This may introduce selection bias and an over-representation of more highly educated
and health conscious individuals. Moreover, the dietary intake may be influenced during the recording
period by the demands of providing detailed dietary records during several days, which may increase
the risk of underreporting (EFSA 2009). Additionally, some of the respondents may be motivated by
the participation and awareness of their diet to lower their dietary intake in order to lose weight.

1.1.2 24-hour dietary recalls

The 24-hour dietary recall (24-HDR) approach is a retrospective method in which the respondents are
asked to report, describe and estimate the quantities of all foods and beverages consumed during the
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preceding 24 hours or the preceding day. The recall is often a computer assisted interview conducted
by a trained interviewer in person or by telephone. The interviewer records descriptions of the dietary
intake through a structured approach with specific probing questions to help the respondent
remember and describe all foods consumed throughout the day (Thompson & Subar, 2008). Like food
records, portion sizes are estimated in household measures or by use of pictures.

The major advantages of using 24-HDRs are that the method is relatively quick, does not require
literacy and is less burdensome for the respondents than completing a food record. The recordings are
open-ended, and a personal interview with probing questions may help to keep the children’s
attention and allows for recording of rich details on recipes, brand names and food preparation
methods. Limitations of the 24-HDR method include that it relies on memory, and especially for
children, it can be difficult to distinguish between what they usually consume and what they consumed
yesterday. This may lead to omissions and intrusions (foods reported, but not actually eaten) (Baxter
et al. 2009). Furthermore, the interview situation may influence the reporting of children as well as
assisting parents towards giving more socially desirable answers. In addition, it is critical to have well-
trained interviewers with thorough knowledge about foods and nutrition in order to obtain the most
optimal information during the interview (Thompson & Subar 2008).

A single 24-HDR per individual can be used to characterize the average dietary intake at group level,
however, it has limited ability to capture usual consumption at the individual level. It is therefore
recommended to conduct at least two non-consecutive 24-HDRs and to supplement the 24-HDR data
with additional information from a food frequency questionnaire (FFQ) or a food propensity
questionnaire (FPQ) (Subar et al. 2006; EFSA 2009). When two or more non-consecutive 24-HDRs are
available, the within-subject variability can be reduced by statistical methods, and the intake
frequencies from the FFQ or FPQ can be used to estimate individual usual intake of episodically
consumed foods and their distributions (Souverein et al. 2011; Harttig et al. 2011; Haubrock et al.
2011).

Collection of dietary intake data on non-consecutive days is generally preferred, because their
independence allow the capture of a better estimate of the existing intra-individual variability than
consecutive records. (Thompson & Subar 2008; EFSA 2009). This is especially relevant when using
statistical methods to reduce intra-individual variance of intake, as these rely on a hypothesis of
independence between the different days. Whereas it is relatively easy to collect data on non-
consecutive days when using a 24-HDR method, the inclusion of independent days in a food record
method is often more complicated and expensive (EFSA 2009).

1.1.3 Food frequency questionnaires

FFQs are questionnaires used in order to assess the frequency with which food groups are consumed
during a specified time period, typically the past month or year. The FFQ method is often used in
nutritional studies because it is relatively inexpensive and easy to administer and process. However,
the appropriateness of the food list is crucial in the food frequency method, and it can be challenging
to develop a FFQ that includes enough but not too many food items so all respondents may provide the
right answers without being encouraged to overestimate. Moreover, since respondents are required to
report their average frequencies and portion sizes over a long period of time, FFQs are generally
cognitively difficult to complete, especially for children (Thompson & Subar 2008). FPQ is a recently
developed dietary assessment tool for use in combination with data from multiple 24-HDRs. Much of
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the same information is collected with FPQs as with FFQs, but without information about portion sizes
(Subar et al. 2006).

1.2 Evaluation of dietary assessment methods

Dietary assessment methods used in nutritional epidemiology typically rely on self-reported
information, and although there are several approaches to the assessment of dietary intake, the
validity and reliability of dietary intake data are inherently challenged by methodological issues.
Misreporting of dietary intake is a well-recognised and pervasive problem in studies of children as
well as adults (Forrestal et al. 2011; Poslusna 2009). This is of concern for the evaluation of food and
nutrient intake as well as for the assessment of associations between dietary intake and health.
Validation of new dietary assessment methods is therefore required. Validity of a dietary method
describes the degree to which the method measures the true intake of what it was intended to
measure during the study period (Livingstone & Black 2003). The average long-term intake is the key
objective of many dietary assessments, but usual intakes of individuals may be one of the most
challenging aspects to validate, because the “true” usual intake is never known with absolute certainty.

Dietary assessment methods have often been evaluated at group level by relative validation, whereby
a dietary assessment method is compared against another similar method (Livingstone 2004).
However, most dietary assessment methods are subject to some of the same errors, such as recall bias,
and high agreement between two methods may be due to a high level of agreement in the errors
(McPherson et al. 2008). It is therefore important to evaluate dietary assessment methods against
objective measures, which do not suffer from errors in self-reporting. While some biomarkers of
intake are available for energy intake (EI) and food groups, the use of biomarkers is generally
expensive, invasive and limited in terms of the reflection of wider aspects of dietary intake (Thompson
etal. 2010).

El is a single measure that covers the whole dietary intake and evaluation of EI by comparison with
estimates or measures of total energy expenditure (EE) has been widely used in order to assess the
overall validity of dietary reporting (Livingstone & Black 2003). This approach is based on the
assumption that EI and EE are equivalent under conditions of energy balance. The doubly labelled
water (DLW) method is considered to be the gold standard reference method for validation of
estimates of EI because it provides the most accurate measure of EE in free-living subjects (Ainslie et
al. 2003). However, the cost of and requirements for highly specialised analytical laboratory
equipment with the DLW method precludes its use in many studies. Furthermore, urine collection is
required from the respondents, which is burdensome especially in children.

Estimates of total EE can also be determined by more feasible and cost-effective ways, for example by
applying an estimate of physical activity level (PAL) to the basal metabolic rate (BMR) estimated from
equations. Preferably, physical activity is assessed by the use of physical activity monitors, such as
ActiReg®, Sensewear Armband or other instruments (Arvidsson 2009). Although motion sensors do
not provide perfect measures for physical activity or energy expenditure, they eliminate the
subjectivity of self-reported physical activity and are not likely to have correlated errors with the
dietary assessment methods.
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1.2.1 Identification of misreporters

Another approach in the assessment of misreporting is to determine the prevalence of misreporters.
Exact agreement between EI and EE at the individual level is unlikely during a short recording period
due to random day-to-day variation in both EI and in EE. Therefore, when evaluating EI against EE, a
range of values must be considered, above or below which the reported intake is unlikely to represent
either habitual intake or random high or low intake. When objective measurements of EE are available,
the proportion of misreporters is usually assessed using the 95% confidence limits of agreement
between EI and EE at the individual level (Livingstone et al. 2003). This approach classifies
respondents as acceptable reporters, under-reporters, or over-reporters according to whether the
individual’s EI:EE ratio lies within, below or above the 95% confidence limits of agreement.

If no objective measurements of EE are available, EI must be evaluated against presumed energy
requirements. Most often a hypothesis of a sedentary or light activity level has been set for the overall
sample. This procedure, known as the Goldberg cut-off criterion is the most widely used method to
identify misreporters (Goldberg et al. 1991; Black 2000). It was originally developed for use in adults,
but has been applied to children due to the lack of other standardised methods for children (Lioret et
al. 2011). Although the Goldberg cut-off has been further adapted for use in children by taking age-
and gender-specific values for physical activity into account, cut-offs based on assumed PAL values for
groups of children should be applied with caution in the evaluation of EI (Livingstone et al. 2003).

1.3 Danish children’s dietary intake on weekdays and weekend days

It has been suggested that family factors and the nature of foods available at home, in schools and in
fast-food establishments are some of the most significant determinants of the eating habits of children
(Taylor et al. 2005). In this context, weekdays and weekend days differ in many ways, both structurally
and culturally, which may influence the dietary intake patterns, for example through more access to
foods and snacks, combined with likely expectations of fewer restrictions on weekend days than
during weekdays (Iversen et al. 2011). Periods of holidays and summer vacations have been
associated with increases in weight status in children (von Hippel et al. 2007) and similar differences
may apply on a smaller scale to weekends.

Previous research from other countries has suggested that children’s snacking and other daily dietary
habits differ on weekdays compared to weekend days (Andersen et al. 2003; Hart et al. 2011; Cullen et
al. 2002). Moreover, Friday stands out as a weekday, on which the diet may resemble both weekdays
and weekend days in terms of diet quality, since breakfast and lunch might follow a “weekday pattern”
whereas the rest of the day might be characterised by “weekend habits” with more focus on the
palatability and pleasure of eating than nutritional concerns. These differences may have an impact on
overall diet quality and may be of importance for total energy balance. Although it is a general notion
in daily life that dietary intake differs between weekdays and weekend days, few studies have
specifically investigated this.

1.3.1 Dietary intake patterns

There are no simple, well-accepted criteria to classify diets as either “healthy” or “unhealthy”. Different
approaches and methods can however be used to describe and evaluate dietary intake depending on
the aspects of interest and the quality of available data. Dietary patterns can be derived through a
hypothesis-driven a priori approach or an empirical, data-driven a posteriori approach. A priori
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defined dietary patterns are based on previous knowledge regarding diet-disease relationships and
how well individuals comply with nutritional recommendations and/or dietary guidelines. By
contrast, the a posteriori approach refers to the use of multivariate statistical methods in order to
identify “sets” of dietary habits, in which way the available data determine the patterns (Bountziouka
etal. 2011; Michels & Schulze 2005).

A range of dietary indices has been developed to evaluate overall diet quality, for example the Healthy
Eating Index-2005 (Guenther et al. 2008) and the Diet Quality Index (Newby et al. 2003). Since dietary
indices reflect rather specific aspects of the diet they may offer valuable information that is simple and
comprehensible (Lazarou et al. 2011; Michels & Schulze 2005). While dietary indices have been widely
used in adult populations, the use of indices in children has been more limited (Lazarou et al. 2011).
The development of indices is a demanding process which includes a large degree of subjectivity in
terms of defining the scoring system with differentiated weighting of different food items. Moreover,
an index developed for one study will depend on that type of data and may not be applicable for other
studies.

A more simple approach to obtain an indication of the diet quality is to focus on indicator variables,
and a set of indicator variables has been developed and validated in the Nordic Monitoring Project
(Fagt et al. 2009). Analyses have shown that certain food groups in particular explain a considerable
proportion of the variation in the relative content of total fat, saturated fat, added sugars and dietary
fibre in the diet, and thus the overall nutritional quality of the diet (Sepp et al. 2004). Consideration of
the intake of these food groups is therefore especially valuable.

Another indicator of diet quality is the energy density, which is a measure of the amount of energy
provided per unit weight of a food item or a diet, i.e. k]/100g. In general, foods higher in fat, added
sugars or starch, for example fats and fastfood, typically have a high energy density, whereas foods
high in water, for example fruits and vegetables, typically have a lower energy density (WHO 2003). In
line with this, a diet with low energy density is likely to be characterised by a relatively high content of
dietary fibre and a relatively low content of total fat and added sugars. Previous studies have shown an
inverse association between energy density and overall dietary quality in children (Patterson et al.
2010) as well as in adults (Ledikwe et al. 2006a). The World Health Organization has stated that there
is convincing evidence that a high intake of energy-dense foods promotes weight gain and overweight
(WHO 2003). Energy density therefore seems useful as a simple indicator of overall diet quality and of
relevance in relation to energy balance and prevention of overweight. Currently, the World Cancer
Research Foundation and the American Institute for Cancer Research recommend that the average
energy density of diets should be lowered towards approximately 525 k]/100g excluding beverages at
population level (WCRF/AICR 2007).

The use of statistical methods to define dietary patterns in a population has facilitated more extensive
analyses of dietary intake, and among the data-driven methods, principal component analysis (PCA) is
one of the most commonly used methods (Slattery et al. 2010; Tucker et al. 2010). PCA allows
inclusion of many food items and uses the correlations between a large number of variables to identify
underlying dimensions in the data. On the basis of the included food groups, PCA creates principal
components, i.e. dietary patterns, according to the combination of foods that are consumed together.
The dimensionality of the data is thus reduced while as much as possible of the relevant information is
retained (Eriksson et al. 2006). Other commonly used methods include cluster analysis, which
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aggregates individuals into mutually exclusive clusters with similar characteristics in dietary intake,
and reduced rank regression, which identifies dietary patterns associated with selected response
variables, i.e. nutrients or biomarkers that have known relations with a disease outcome of interest
(Tucker et al. 2010).

Although the use of PCA has been applied most widely in studies of adult populations, several dietary
studies have investigated PCA derived dietary patterns in children and the associations of these
patterns with various outcomes such as weight status and socio-economic indicators (Oellingrath et al.
2010; Lioret et al. 2008; Craig et al. 2010). Furthermore, PCA has been used to assess the stability of
dietary patterns over time during childhood as well as in adulthood (Oellingrath et al. 2011;
Northstone et al. 2008; Crozier et al. 2009; Borland et al. 2008).

1.4 Sleep duration and dietary intake

It is well recognised that adequate sleep duration is crucial for wellbeing and cognitive performance
(Hart et al. 2005; Wolfson & Carskadon 2003), and in recent years, the potential metabolic
implications of inadequate sleep duration have received increasing attention. Evidence from
experimental and observational studies suggests that inadequate sleep may play a role in the risk of
development of overweight and obesity as well as in vulnerability to associated diseases, such as
diabetes and cardiovascular disease (Knutson et al. 2012).

Several observational studies have demonstrated an increased risk of overweight or obesity
associated with short sleep durations in infants (Taveras et al. 2008), children and adolescents
(Danielsen et al. 2010; Patel et al. 2008; Garaulet et al. 2011) and adults (Cappuccio et al. 2008; Chaput
et al. 2008). In two meta-analyses it was concluded that short sleep duration is associated with an
increased risk of obesity in children (Chen et al. 2008; Cappuccio et al. 2008). Furthermore, a few
studies have demonstrated a longitudinal association between short sleep duration in childhood and
higher body weight (Silva et al. 2011; Carter et al. 2011; Magee & Hale 2011).

Increased energy intake appears to be the most plausible explanation as to why short sleepers have a
higher risk of becoming overweight or obese. However, the relationship between sleep duration and
dietary intake has been sparsely investigated (Westerlund et al. 2009; Landis et al. 2009) and little is
known about the relationship between sleep duration, BMI and dietary intake in Danish children.
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2. Aim and objectives

The overall aim of the work presented in this thesis was to examine various aspects of dietary intake
in Danish children, and to contribute with new knowledge concerning diet and health related issues in
children.

The specific objectives of the four papers included in the present thesis were:

— to evaluate energy intake estimated with the 2x24-hour recall method from the EFCOVAL
study, and the 7 day pre-coded food record used in the Danish National Survey of Dietary
Habits and Physical Activity 2003-2008 against energy expenditure estimated using ActiReg®
measurements in children aged 7-8 years and 12-13 years (Paper I)

— to compare differences in diet quality on weekdays (Monday-Thursday), Fridays and weekend
days (Saturday-Sunday) in 4-14 year-old children by use of indicator variables (Paper II)

— to investigate dietary patterns on weekdays (Monday-Thursday) and weekend days (Saturday-
Sunday) in 4-14 year-old children by use of Principal Component Analysis (Paper III)

— to examine the relationship between sleep duration, BMI and food and nutrient intake in
children aged 4-14-years (Paper V)
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3. Methods

This section contains a summary of the design and methods of the four papers included in this thesis.
Further details of the methods can be obtained from the individual papers in the appendix.

3.1 Evaluation of estimated energy intake (Paper I)

Paper I is based on a method comparison study conducted as part of the EFCOVAL (European Food
Consumption Validation) study. One of the main objectives of the EFCOVAL study was to develop and
evaluate a trans-European methodology to be used for estimating the intake of foods, nutrients and
potentially hazardous chemicals in representative dietary surveys in children (de Boer et al. 2011a).
The method suggested for children 7-14 years of age was two non-consecutive 24-hour recalls (2x24-
HDRs) using the EPIC-Soft computer program combined with a food recording booklet (Andersen et al.
2011; Slimani et al. 2011). A relative validation of the suggested 2x24-HDR method was performed
against the 7-day pre-coded food record (7-dFR) used in the Danish National Survey of Dietary Habits
and Physical Activity 2003-2008. Results from this study regarding food and nutrient intake are
presented elsewhere (Trolle et al. 2011).

In Paper I, EI estimated with the 2x24-HDRs and the 7-dFR was evaluated by comparison with EE
assessed by use of ActiReg® (PreMed AS, Oslo, Norway) (Hustvedt et al. 2004), a combined position
and motion recording instrument, in Danish children aged 7-8 years and 12-13 years. Participants
were recruited through the Central Office of Civil Registration, using a random sample, stratified by
age, from the Capital region of Denmark.

3.1.1 Study design

Participation included completion of two non-consecutive 2x24-HDRs, a pre-coded 7-dFR, and
objective assessment of EE by use of ActiReg® during the same 7 days as the 7-dFR was filled in. A flow
chart of the measurements of dietary intake and energy expenditure is presented in Figure 1. Trained
interviewers visited the participants at their homes and conducted the recalls on two scheduled visits.
Height and weight measurements of the children were made after the recall at the first visit. The
recalls were aimed to be separated by 4 to 6 weeks. All days of the week were randomly assigned for
both recalls in order to obtain an equal representation of weekdays at group level. For each
participant, completion of both recalls and a minimum of 4 valid days with concurrent measurements
from the 7-dFR and ActiReg® were required for inclusion in the analyses.
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Figure 1. Flow chart of the measurements of dietary intake, energy expenditure and anthropometry

3.1.2 Dietary assessment

The 2x24-HDRs were based on face-to-face computer-assisted interviews using the standardised recall
interview program EPIC-Soft (Slimani et al. 2011), which comprised four main steps: 1) General
information (non-dietary), 2) Quick list (chronological list of consumed foods without quantification),
3) Description and quantification of foods and recipes, and 4) Quality controls at nutrient level. One of
the parents was present during the interviews and assisted with supplementary information when
necessary (description of food intake, information about recipes, cooking methods etc.). The
responding parent was the mother in 92% of the recalls. The EPIC-Soft version employed was a
country-specific version, updated prior to the study in order to cover new food items and to meet the
specific requirements of this study.

Participants received a food recording booklet for the children to take to school or to other places
outside their home on the days of assessment, i.e. the day before each recall. If relevant, proxy persons
(school staff, day care staff, or others) were contacted in advance and asked to help the children with
the booklet. The quantities of consumed foods were estimated from predefined household measures
(cups, spoons, slices, etc.) or photos from the EPIC-Soft picture book containing 125 sets of pictures
with different portion sizes. In addition, some country specific pictures series on candy, rye- and wheat
bread, and fat and filling on bread was used. The mean El/day from the 2x24-HDRs (Elzxzs-1pr) was
calculated for each individual using the EPIC-Soft software and the Danish Food Composition
Databank (version 7; Sgborg; Denmark; December 2008 (http://www.foodcomp.dk)).

The 7-dFR was identical to the food record used in the Danish National Survey of Dietary Habits and
Physical Activity (Pedersen et al. 2010). For further details see section 3.2.1 Study design and 3.2.2
Dietary intake assessment
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3.1.3 Assessment of energy expenditure

Energy expenditure was assessed by use of the ActiReg® system (PreMed AS, Norway) (Hustvedt et al.
2004). ActiReg® is a validated position and motion recording instrument that uses the combined
recording of body position and movement to estimate energy expenditure. Participants were
instructed to carry ActiReg® for 7 consecutive days during all waking hours except during activities in
water, such as swimming, showering etc. and during high contact sports. During the night when the
children were sleeping, the ActiReg® equipment was taken off and placed in a horizontal position as
this mimics the recording of lying still. If the monitor was taken off for a period of 15 minutes or more
during daytime, the participants were instructed to record the duration and type of activity performed.

Mean EE/day was calculated for each individual by the ActiCalc® program using estimated basal
metabolic rate (BMR). Estimates of BMR were calculated from equations based on age, gender, height
and weight (WHO 1985). Non-wear time was mainly due to sports activities, showering and changing
clothes. EE during non-wear time was therefore estimated as corresponding to an average activity
level of moderate intensity (MET!=3) for the ActiReg® system. To ensure that the majority of the
waking hours was recorded, limits on total wear time and non-wear time were applied. Thus, if
ActiReg® was not carried for 3 hours or more during daytime, and/or total wear time was less than 10
hours per day, the day was omitted from analysis (Matthiessen et al. 2008b; Tudor-Locke et al. 2011).

3.2 The Danish National Survey of Dietary habits and Physical Activity (Paper II-1V)

Paper II-1V are based on data from the Danish National Survey of Dietary Habits and Physical Activity,
which is a nation-wide, representative, cross-sectional survey. Since 2000 the survey has provided an
on-going national monitoring of dietary intake in the population group between 4-75 years. The
overall aim of the survey is to monitor status, trends and variations in dietary intake and physical
activity in Denmark as well as attitudes towards and determinants of dietary habits.

In the present thesis we used data from children aged 4-14 years who participated in the Danish
National Survey of Dietary Habits and Physical Activity in the period 2003-2008. The study population
comprised a simple random sample of children retrieved from the Central Office of Civil Registration.
In comparison with census data from Statistics Denmark, the distribution of gender and age of the
participants could be characterised as representative for the Danish population of children aged 4-14
years.

3.2.1 Study design

Participation in the Danish National Survey of Dietary habits and Physical Activity included a face-to-
face interview with one of the parents (the mother in 87% of the cases) and the completion of a 7-day
pre-coded food record and a physical activity questionnaire. Trained interviewers visited the
participants at their homes where they conducted the interviews and instructed the participants in
how to complete the recordings. The interviews included socio-economic variables and information
about height and weight of the children. For each participant, completion of a minimum of 4 valid days
is the standard criteria chosen for the use of data from the Danish National Survey of Dietary habits
and Physical Activity. However, in the specific analysis of dietary intake on weekdays and weekend

1 MET = Metabolic Equivalent, expressing the energy cost of physical activities as multiples of BMR

19



days, only children with 7 consecutive days of dietary recording were included. A flow-chart of the
sample is given in Figure 2.

[ 1294 children invited ]
[ 1006 (78%) with completed interview ]
[ 903 (70%) with 2 4 valid days of food recording ]

.

[

recording, BMI and parental education (Paper IV)

784 (61%) with 7 valid consecutive days of food recording, 802 (62%) with > 4 valid days of food and sleep
BMI and parental education (Paper Il & I11)

Figure 2. Flow chart of the sample of children invited to participate in the Danish National Survey of
Dietary Habits and Physical Activity 2003-2008

3.2.2 Dietary intake assessment

Dietary intake was recorded every day for 7 consecutive days in food records (7-dFR) with pre-coded
response categories, which included open answer options. Children and their parents were instructed
in person by trained interviewers from SFI-Survey?2 on how to complete the food record. The parents
were responsible for completing the 7-dFR and deciding to what extent their children were capable of
assisting. Thus, parents reported the majority of the dietary intake for the children, but to a less degree
for older children.

The 7-dFR was organised according to the typical Danish meal pattern (breakfast, lunch, dinner and
in-between meals). Each meal was divided into sections with headings, such as beverages, bread,
spreadable fats, meat and vegetables, to make it easier to find and record the relevant foods and
dishes. For food items not included in the 7-dFR, participants wrote type of food and portion size in
open-answer categories. The quantities of foods consumed was given in predefined household
measures (cups, spoons, slices, etc.) or estimated from photos in a picture book containing 14 food sets
of pictures, each containing 4 to 6 different portion sizes. As a supplement to the food record,
participants also received a food recording booklet for the children to take to school or to other places
outside their home on the days of assessment.

Data were scanned using The Eyes & Hands program (version 5.2, 2005; Readsoft Ltd, Milton Keynes,
Buckinghamshire, UK). The mean El/day from the 7-dFR (El7.qrr) was calculated for each individual
using the software system General Intake Estimation System (GIES) (version 0.995a, released 26th of
June 2005), developed at the National Food Institute, Technical University of Denmark (Sgborg,

2 SFI: The Danish National Centre for Social Research (Det Nationale Forskningscenter for Velfeerd, tidl.
Socialforskningsinstituttet)
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Denmark), and the Danish Food Composition Databank (version 7; Sgborg; Denmark; December 2008
(http://www.foodcomp.dk)).

3.2.3 Sleep duration (Paper 1V)

Every day, on the same 7 days as the food record was completed, sleep duration during the last night
and day was reported. For each child, a minimum of 4 days with measurements of diet and sleep
duration was required for inclusion in the statistical analyses.

3.3 Data treatment and statistical analysis

Data were analysed with SPSS version 19.0 for Windows (SPSS Inc., Chicago, IL, USA) and R statistical
software 2.9.1 (R Development. Core Team, 2009 (http://www.r- project.org)). Statistical differences
were considered significant at P<0.05.

3.3.1 Evaluation of estimated energy intake (Paper I)

Data of EI and EE were approximately normally distributed. Differences between EI and EE for groups
of children and between the age groups and genders were analysed using paired and unpaired t-tests,
respectively. Pearson correlation coefficients were calculated between EI and EE. Agreement between
measurements of EI and EE was visualised using the Bland Altman method of agreement analysis, i.e.
plotting the difference between the two methods against the mean of the measurements, which makes
the magnitude of disagreement and any outliers or trends visual (Bland & Altman 1986). Agreement
on category level between EIl and EE was examined by classification of El into quartiles.

The proportions of possible over- and under-reporters were assessed using the confidence limits of
agreement between recorded EI and EE at the individual level. Participants were classified as
acceptable reporters, under-reporters, or over-reporters according to whether the individual’s EL:EE
ratio was within, below or above the 95% confidence limits of agreement between the two
measurements (Livingstone et al. 2003). The 95% confidence limits of agreement between Elzx24-1pr
and EE and between El7.qrr and EE were calculated as

95% CL = + 2V ((CV2g /d) + (CV2ge/d))

where d is the number of days of assessment, and CVg and CVgg are the pooled mean coefficients of
variation in EI (by 2x24-HDRs or 7-dFR) and EE, respectively.

The method of triads was used to calculate validity coefficients between the unknown true EI and EI
estimated with the 7-dFR, El estimated with the 2x24-HDRs and EE, respectively (Ocké & Kaaks 1997).
This method is a triangular approach that can be used when data from a dietary assessment method, a
reference method and a biomarker, or another objective method are available. The correlations
between each of the three methods are used to estimate a validity coefficient, which expresses the
correlation between reported intake and the unknown true intake.
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If Q, R and M denote the measurements from the 2x24-HDRs, the 7-dFR and ActiReg®, respectively,
and T denotes the true unknown EJ, the validity coefficients can be calculated as follows:

VCor=V (rorXrom/ rem)
VCRT=\/(T'QRXFRM/T‘QM)
and VCyr = \/( rouXTrrm/ Tor)

where rgr is the correlation between the 2x24-HDRs and the 7-dFR, rou the correlation between the
2x24-HDRs and the ActiReg®, and rgum is the correlation between the 7-dFR and ActiReg®. The low
number of subjects in each age group precluded the analysis being undertaken separately for each age
group. Differences between the two dietary assessment methods in the proportion of children
classified as acceptable reporters, under- or over-reporters, respectively, were tested with the Stuart-
Maxwell test. Multiple linear regression analyses were performed for each dietary assessment method
with EI:EE as the dependent variable and age, gender, BMI and parental educational level as
independent variables.

3.3.2 Weekdays and weekend days (Paper II-1II)

Weekdays and weekend days were defined as Monday to Thursday and as Saturday to Sunday,
respectively. Friday was kept as a period of its own, instead of making a dichotomous weekday-
weekend day variable, since preliminary analysis showed that intakes on Fridays differed from both
Monday to Thursday and from Saturday to Sunday.

The main analyses were performed separately for the three age groups 4-6, 7-10 and 11-14 years due
to the wide age range of children in the study population and the associated different degree of
parental influence on the diet and dietary recording. Differences between gender regarding height,
weight and BMI were analysed using paired t-test, whereas differences between age groups regarding
height, weight and BMI were analysed using one-way ANOVA and Tukey’s post hoc test. Differences
regarding parental education and weight status were assessed between gender and between age
groups using the x2 test and Fisher's exact test. The prevalence of under-reporters was assessed using
the Goldberg cut-off criterion, taking age and gender specific values for physical activity into account
(Goldberg 1991; Lioret et al. 2011). PAL values corresponding to light physical activity were used to
define cut-off values for under-reporters (Torun et al. 1996). Estimates of BMR were calculated from
equations based on age, gender, height and weight (FAO/WHO/UNU 1985).

Paper 11

In Paper II, EI and macronutrients were assessed on weekdays, Fridays and weekend days, as well as a
number of food items selected to give an indication of the diet quality. The selection of variables was
based on the work of Sepp et al. (2004) and the Nordic Monitoring project (Fagt et al. 2009), which has
shown that certain food groups explain a considerable part of the variation in the relative content of
total fat, saturated fat, added sugars and dietary fibre in the diet, and thus the overall nutritional
quality of the diet. Energy density of the diet was calculated separately for a) solid foods and liquids
consumed as food (for example, soups and yoghurt) and b) beverages, including both energy-
containing and non-energy-containing beverages (for example milk/juice and water/tea, respectively)
and presented as k] /100g.

22



Differences in EI, macronutrient intake and energy density between weekdays, Fridays and weekend
days were analysed using paired t-tests. For some of the food items, especially sausages, full-fat
cheese, fries and fried potatoes, a high percentage of the children (up to 79% within the three age
groups) had zero-intakes during the week. To account for zero-intakes the indicator variables were
compared between weekdays, Fridays and weekend days using Tobit regression analysis. The Tobit
regression analysis includes the zero-observations in the analysis by combining the binary
information of intake versus zero-intake with the quantitative intake values for the non-zero cases.
Data were analysed separately for boys and girls due to significant gender differences in dietary intake
in the preliminary analyses. Since the dietary intake analyses included multiple tests, Bonferroni
corrections with k=3 were performed. The unit g/10M] was used to take into account differences in
the total EI and to assess the quality of the diet rather than absolute intakes.

Paper III

In Paper III dietary patterns were identified on weekdays and weekend days for each age group by use
of PCA (Eriksson et al. 2006). Separate analyses for each gender were not conducted due to the limited
sample sizes in each age group. Specific gender differences were therefore not part of the scope of this
paper. Before conduction of the principal components analyses, dietary intake data were aggregated
into a total of 32 food items based on relevant similarities in type of food and macronutrient
composition. Energy density (k]/100g) of the diet calculated for solid food and liquids consumed as
food, were included in the PCA together with the other dietary variables.

PCA sequentially creates linear combinations (components) of the input variables that exhibit maximal
possible variance. Used on a correlation matrix it is a way to explain the overall correlation structure
by a few key components. With dietary data, the components can be perceived as dietary patterns. The
correlations of each food item with a dietary pattern are called factor loadings. Food variables with
factor loadings >0.2 or <-0.2 were considered to have a strong association with the corresponding
pattern, and were used to identify and label the specific dietary patterns (Slattery 2010). The chosen
number of patterns on weekdays and weekend days was primarily based on examination of the scree-
plots and the interpretability of the components. The effect of adding or removing one or more
components was also assessed, however, for all three age groups a solution with two patterns was
considered as best representing the data. The patterns were labelled “processed” and “health
conscious” based on the general characteristics of the foods with the highest factor loadings within
each pattern.

For each child, a factor score for each of the patterns was calculated. The factor score indicates how
closely the child’s individual dietary pattern is in agreement with the overall dietary pattern. The
derived factor scores were all approximately normally distributed. Pearson correlation coefficients
between these factor scores were calculated to assess the associations between dietary patterns on
weekdays and weekend days. The 95% confidence intervals were calculated for each of the
correlations.

To clarify further the possible differences between the patterns, groups of children with high
agreement for a pattern and also low or intermediate agreement for the other pattern were defined.
Thus, within each age group, the group of children with factor scores in the highest tertile for the
“processed” pattern and factor scores in the lowest or intermediate tertiles for the “health conscious”
pattern was named “High PP”. The group of children with factor scores in the highest tertile for the
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“health conscious” pattern and in the lowest or intermediate tertiles for the “processed” pattern was
named “High HCP”.

Daily intakes on weekdays and weekend days of selected variables (fruit & vegetables, sugar
sweetened beverages (SSBs), sweets & chocolate and energy density for solid foods and liquids
consumed as food), were compared between the “High PP” group and the “High HCP” group in each
age group using unpaired t-tests.

3.3.3 Sleep duration and dietary intake (Paper 1V)

Associations between sleep duration and BMI Z-scores and between sleep duration and age were
analysed using Spearman’s rho correlation coefficients. Differences between parental educational
level, sleep duration, weight status and gender were assessed using the 2 test and Fisher’s exact test.
Differences in BMI between parental educational levels were analysed using the Kruskal-Wallis test.
Multiple linear regression analyses were performed separately for each dietary variable with sleep
duration as the dependent variable and age and BMI as forced covariates in the models. In order to
further elucidate the dietary patterns in relation sleep duration, the median sleep duration within each
of the three age groups 4-6, 7-10 and 11-14 years, was used as a cut-off to define groups of children
with short and long sleep duration. Dietary intake, in terms of EI, macronutrients, major food groups
and food groups of selected high energy-dense foods with nutritional or dietary similarities, were
compared between groups of children with short and long sleep duration using the Mann-Whitney U-
test.
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4. Results

This section contains a summary of the main results of the four papers included in this thesis. Further
details of the results can be obtained from the individual papers in the appendix.

4.1 Evaluation of estimated energy intake (Paper I)

In the study of evaluation of estimated EI, described in Paper I, we found that in the group of 7-8 year-
old children, there was a significant difference between mean EI from the 7-dFR (El7-qrr) and EE, but
not between EI from the 2x24-HDRs (Elzxsnpr) and EE (Table 1). In the group of 12-13 year-old
children, both Eloxsnupr and Ely.grr differed significantly from EE. In the 7-8 year-olds, Eloxs-npr was
overestimated by 3%, whereas El;.qrr was underestimated by 7% compared to EE. In the 12-13 year-
olds, El2x24-upr Was underestimated by 10% and El7.qrr by 20% compared to EE.

Table 1. Energy intake estimated with 2x24-HDRs (El2x24-1pr) and the 7-day food record (El7.grr),
energy expenditure estimated with ActiReg® (EE), and the relationship between estimates of EI and EE
in each age group (mean (SD))

7-8 years 12-13 years

Boys (n=32) Girls (n=35) All (n=67) Boys (n=32) Girls (n=32) All (n=64)
Elyxoa-tior (MI/d)* 9.2° (1.6) 8.7° (1.4) 9.0 (1.5) 10.6% (2.6) 9.1° (2.0) 9.9 (2.4)
Ely.grr (MJ/d)T 8.5% (1.7) 7.7°(1.2) 8.1 (1.5) 9.4° (2.1) 7.9° (1.6) 8.6 (2.0)
EE (MJ/d) 9.0° (0.9) 8.4° (0.9) 8.7 (0.9) 12.1°(2.1) 10.0° (1.0) 11.0 (2.0)
Elx24-HDR - EE (MJ/d) 0.27 (1.3) 0.3%(1.4) 0.3(1.3) -1.57 (2.5) -0.8°(2.0) -1.2(2.3)
Ely.grg - EE (MJ/d) -0.6° (1.5) -0.7° (1.4) -0.6 (1.5) -2.7°(3.0) -2.1°(1.9) -2.4(2.5)
Elyx2a-1pR / EE (MJ/d) 1.02° (0.14) 1.04° (0.16) 1.03 (0.15) 0.897 (0.21) 0.92° (0.19) 0.90 (0.20)
Ely.qrr / EE (MJ/d) 0.94° (0.17) 0.93°(0.17) 0.93 (0.16) 0.80° (0.20) 0.80° (0.18) 0.80 (0.19)

*PFor each age group, mean values within a row with unlike superscript letters were significantly different (P<0.05)
*Mean values for El,,ua.1pr Were significantly different from EE in the group of 12-13 year-olds (P<0.001)
tMean values for El,_qz Were significantly different from EE in the group of 7-8 year-olds (P=0.001) and 12-13 year-olds (P<0.001)

The Bland-Altman plots illustrate large variation in the degree of misreporting at individual level, and
under-reporting as well as over-reporting with both methods. The 95% limits of agreement were -2.42
and 2.93 MJ/d for the 2x24-HDRs and -3.56 and 2.32 for the 7-dFR in the 7-8 year-olds, and -5.69 and
3.39 MJ/d for the 2x24-HDRs and -7.36 and 2.59 M]/d for the 7-dFR in the 12-13 year-olds.

The 95% confidence limits of agreement between Elzs-upr and EE and between El7.qrr and EE, defined
acceptable reporters by having an EI:EE ratio within the range of 0.75-1.25 for the 2x24-HDRs and
0.77-1.23 for the 7-dFR. In the 7-8 year-olds, the prevalence of under-reporters was 1.5 % with the
2x24-HDRs and 16% with the 7-dFR. The corresponding figures were 23.4% and 42.2% in the 12-3
year-olds. The proportions of under-reporters did not differ between genders.

In the 7-8 year-old children, the proportion of individuals correctly classified in the same quartile for
both EI and EE was 46% for Elzxsnpr and 30% for El7.qrr. The proportion classified in the same or
adjacent quartiles was 76% and 73% for Elzxas-upr and El7.qrr, respectively. Gross misclassification
ranged from 3% for Elzxz4-1pr to 7% for El7.grr.
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In the 12-13 year-old children, the proportion correctly classified in the same quartile was 36% for
El2x24-1pr and 34% for Elz.qrr, whereas the proportion classified in the same or adjacent quartiles was
83% for Elzxza-npr and 70% for El7.qrr. The percentage grossly misclassified was 3% for Elzxzs-npr and
11% fOI‘ EI7.dFR.

The Pearson correlation coefficients between EI and EE were 0.48 for Elzxs-upr and 0.32 for El7.gr in
the 7-8 year-olds, and 0.48 for Elzx2s4-npr and 0.37 for El7.ger in the 12-13 year-olds. For both age groups
combined, the coefficients were 0.51 for Elzxs-npr and 0.29 for Elz.qrr. Using the method of triads, the
validity coefficient was 0.81 (95% CI: 0.59-1.00) for El2x24-upr and 0.46 (95% CI: 0.18-0.66) for El7.qrr.

In multiple linear regression models with EI:EE as the dependent variable, and age, gender, BMI and
parental educational level as independent variables, age remained significantly associated with Elox4-
uor:EE (P=0.006), whereas BMI remained significantly associated with El7.¢m:EE (P<0.001). When
entered one-by-one in the multiple linear regression model, BMI and age were significantly negatively
associated with EI:EE for both dietary assessment methods (P<0.001).

4.2 The Danish National Survey of Dietary habits and Physical Activity

The analyses for paper Il and IIl were based on the same sample of 4-14 year-old children (n=784,
50% boys). The prevalence of under-reporters identified using the Goldberg cut-off criterion, taking
age- and gender specific values for physical activity into account, was 1.0% in the 4-6 year-olds, 3.8%
in the 7-10 year olds and 16.6 % in the 11-14 year olds. The proportions of under-reporters did not
differ between genders.

4.2.1 Diet quality on weekdays, Fridays and weekend days (Paper II)

In the study of children’s diet quality on weekdays, Fridays and weekend days, described in Paper II,
we found that for both genders in all age groups, EI was consistently higher on weekend days than on
weekdays (P<0.05). Moreover, intake of sugar-sweetened beverages and white bread was higher,
whereas intake of rye bread was lower. In accordance with this, we found a higher percentage of
energy from added sugars, lower fibre content and higher energy density on weekend days vs.
weekdays (P<0.05). In children aged 4-6 and 7-10 years, the diet on weekend days was also
characterised by higher intakes of sweets and chocolate and lower intakes of fruit and vegetables
(P<0.05). Overall, the diet on Fridays appeared as a mix of the diets on weekdays and weekend days,
and levels of EI and energy density seemed in general to resemble the level on weekend days more
than on weekdays.

For each gender in the three age groups 4-6 years, 7-10 years and 11-14 years, respectively, mean
intake (g/10M]) of selected food groups on weekdays, Fridays and weekend days are presented in
Figure 2a-b, while mean EI, nutrient intakes and energy density for solid foods and liquids consumed
as food are presented in Table 2.
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Figure 2a. Mean intake (g/10M]) of selected food groups on weekdays, Fridays and weekend days

presented for the three age groups 4-6 years, 7-10 years and 11-14 years (exact values and standard
deviations are provided in Table 2-4 in Paper II).
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Figure 2b. Mean intake (g/10M]) of selected food groups on weekdays, Fridays and weekend days
presented for the three age groups 4-6 years, 7-10 years and 11-14 years (exact values and standard
deviations are provided in Table 2-4 in Paper II). SSBs, Sugar sweetened beverages.



Table 2. Energy, nutrient intakes and energy density* of the diet on weekdays (Monday-Thursday),
Fridays and weekend days (mean (SD))

Boys Girls
Weekdays Friday Weekend Weekdays Friday Weekend
4-6 years n=104 n=103
Energy, MJ/d 7.5(1.8)" 8.3 (2.6)° 8.4 (2.7) 6.6 (1.4)° 7.2 (2.1 7.4 (1.7
Total fat, E% 33(5)° 34 (7)*° 35 (6)° 34 (5)° 32 (7)° 35 (6)°
Carbohydrates, E% 52 (5) 52 (7) 51 (6) 51 (5)° 54 (7)° 52 (6)°

- Added sugars, E% 9(s5)° 14 (8)° 13 (6)° 10 (4)° 15 (8)° 14 (5)°
Fibre, g/10 MJ 25 (6)° 22 (8)° 20 (6)° 25 (6)° 21(7)° 19 (5)°
Protein, E% 15 (2)° 14 (3)° 14 (3)° 15 (2)° 14 (3)° 13 (2)°
Energy density, kJ/100g 704 (127)° 794 (220)° 844 (197)° 712 (140)° 826 (229)° 864 (204)°
7-10 years n=152 n=135
Energy, MJ/d 8.4 (1.9) 9.8 (3.3)° 9.0 (2.7)"° 7.8 (2.4)° 9.0 (2.9)° 8.6 (2.3)°
Total fat, E% 33 (5)° 32 (7)° 34 (6)° 33(5) 32 (6) 33 (6)
Carbohydrates, E% 52 (6)° 55 (7)° 52 (7)° 52 (5)° 55 (7)° 53 (6)*°

- Added sugars, E% 11 (5)° 15 (8)° 15 (7)° 10 (4)° 16 (8)° 16 (7)°
Fibre, g/10 MJ 23 (7)° 21 (8)° 18 (6)° 24 (6)° 21(7)° 18 (5)°
Protein, E% 15 (2)° 14 (3)° 14 (3)° 15 (2)° 13 (3)° 13 (3)°
Energy density, kJ/100g 727 (149)° 841 (223)° 879 (191)° 713 (152)° 804 (215)° 859 (182)°
11-14 years n=135 n=155
Energy, MJ/d 9.0 (2.8)" 10.5 (4.6)° 10.3 (3.8)° 7.4 (2.0)° 8.1(3.4)° 8.2 (2.5)°
Total fat, E% 33 (6) 32(8) 34(7) 31(5) 31(9) 32 (6)
Carbohydrates, E% 52 (6)° 54 (9)° 52 (7)*° 54 (6) 55 (9) 54 (7)

- Added sugars, E% 11 (6)° 15 (10)° 14 (8)° 11 (5)° 14 (9)° 15 (7)°
Fibre, g/10 MJ 23 (7)° 20(9)° 19 (6)° 23 (7)° 21 (8)° 18 (6)°
Protein, E% 15 (3)° 14 (3)° 14 (3)° 15 (2)° 14 (4)° 14 (3)°
Energy density, kJ/100g 775 (167)° 854 (244)° 868 (217)° 734 (165)° 840 (236)° 864 (236)°

*Energy density for solid foods and liquids consumed as food
**For each gender group, mean values within a row with unlike superscript letters were significantly different (P<0.05)

As presented in Table 3, large proportions of the children did not meet a range of specified nutritional
recommendations and dietary guidelines.

Table 3. Proportions of children aged 4-14 years meeting or not meeting specific nutritional
recommendations

Recommendation % meeting the % not meeting the
recommendation recommendation
Added sugars < 10 E%' 34 66
Saturated fatty acids < 10E%" 4 96
Fish > 200 g/week’ 11 89
Fruit and vegetables > 400 g/day’
(only 4-10 year-old children) 23 77
. 2
Fruit and vegetables > 600 g/day 6 94

(only 11-14 year-old children)

'According to the Nordic Nutrition Recommendations 2004 (NNR 2004).
2According to “Kostradene 2005” (Astrup et al. 2005). More specifically the recommended intake of fruits and
vegetables for children aged 4-10 years is 300-500 g/day.
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4.2.2 Dietary intake patterns identified by Principal Component Analysis (Paper III)

In the study of PCA derived dietary patterns, described in Paper IIl, we found that two dietary
patterns, labelled “processed” and “health conscious”, emerged on both weekdays and weekend days
in all three age groups. The factor loadings for these patterns are presented in Tables 4-6.

The patterns differed slightly between age groups and between weekdays and weekend days.
However, in all age groups the principal component labelled “processed” was characterised by high
positive loadings on energy density, white bread, fat on bread, and jam, honey and chocolate spreads
on both weekdays and weekend days. SSBs, cakes & biscuits and sweets & chocolate also had high
loadings in the “processed” pattern on both weekdays and weekend days for all age groups, except for
weekend days in the 4-6 year-olds. The other principal component labelled “health conscious” was
consistently characterised by high loadings of fruit, vegetables and water on both weekdays and
weekend days for all age groups, whereas the other variables with high factor loadings in the “health
conscious” pattern varied to some extent between age groups.
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Table 4. Factor loadings for food groups (g/day) and energy density (kJ/100g) for the two dietary
patterns in children aged 4-6y (n=207)1

Processed Health conscious

Food item Weekdays Weekend days Weekdays Weekend days
White bread 0.61 0.45 -0.07 -0.34
Energy density 0.60 0.37 -0.58 -0.80
Fats on bread 0.55 0.76 0.17 0.02
Jam, honey and chocolate spreads 0.55 0.47 0.02 -0.14
Cold cuts 0.48 0.64 0.43 0.24
Beverages, sugar sweetened 0.41 0.03 -0.30 -0.25
Rye bread 0.36 0.55 0.53 0.31
Sweets and chocolate 0.34 0.02 -0.22 -0.34
Sauce and gravy 0.31 0.39 0.21 -0.09
Cakes and biscuits 0.29 0.09 -0.27 -0.32
Juice 0.27 -0.09 0.16 -0.04
Dairy products, fat? 0.22 0.23 -0.02 -0.06
Potatoes 0.21 0.31 0.37 0.16
Oatmeal -0.24 0.05 0.16 0.26
Water 0.03 0.25 0.56 0.43
Vegetables -0.19 0.01 0.51 0.48
Fruit -0.05 -0.14 0.50 0.61
Dairy products, low fat® -0.15 0.01 0.23 0.34
Red meat, fat 0.20 0.19 0.23 0.21
Nuts and dried fruit 0.02 0.01 0.32 -0.10
Salty snacks -0.03 0.04 -0.23 -0.22
Fast foods -0.06 -0.17 -0.32 -0.23
Coarse bread & crisp bread -0.07 0.09 0.12 0.30
Ice-cream and desserts 0.11 -0.18 -0.02 0.05
Fish and seafood -0.11 0.03 0.00 0.16
French fries 0.09 -0.19 -0.20 -0.19
Rice, pasta and polenta -0.09 -0.05 0.03 -0.15
Poultry 0.07 -0.08 0.20 -0.18
Red meat, lean 0.06 -0.11 0.01 0.07
Beverages, light -0.06 0.00 0.08 -0.18
Pies and egg dishes -0.05 -0.19 0.15 -0.08
Other breakfast cereals® -0.02 -0.17 0.13 0.19
Soup -0.01 0.14 0.08 0.17
Variation explained, % 7.8 7.5 7.9 8.1

Food groups with loadings >|0.2| were considered to have a strong association with the corresponding pattern
2Dairy products with 21.5% fat

3Dairy products with <1.5% fat

*Other breakfast cereals than oatmeal
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Table 5. Factor loadings for food groups (g/day) and energy density (kJ/100g) for the two dietary
patterns in children aged 7-10y (n=287)1

Processed Health conscious

Food item Weekdays Weekend days Weekdays Weekend days
White bread 0.65 0.40 0.00 0.15
Energy density 0.47 0.84 -0.76 -0.19
Sweets and chocolate 0.44 0.22 0.16 0.19
Jam, honey and chocolate spreads 0.43 0.33 -0.13 0.10
Beverages, sugar sweetened 0.37 0.28 -0.09 0.06
Salty snacks 0.37 0.11 0.06 0.03
Cakes and biscuits 0.34 0.23 -0.08 0.03
Red meat, fat 0.29 0.09 0.28 0.53
Fast foods 0.29 0.01 -0.15 -0.41
Juice 0.28 -0.03 0.30 -0.09
Fats on bread 0.23 0.47 -0.35 0.28
Cold cuts -0.27 0.11 -0.34 0.49
Oatmeal -0.31 -0.26 -0.06 -0.06
Dairy products, low fat? -0.36 -0.27 0.02 0.25
Other breakfast cereals’ -0.37 -0.25 0.01 0.03
Rye bread -0.39 -0.06 -0.26 0.51
French fries 0.19 0.28 -0.17 0.15
Soup -0.03 -0.22 0.17 0.03
Water 0.05 -0.23 0.37 0.30
Nuts and dried fruit 0.04 -0.27 0.33 0.22
Vegetables -0.10 -0.49 0.62 0.39
Fruit 0.01 -0.62 0.72 0.31
Potatoes -0.09 -0.17 0.18 0.57
Sauce and gravy 0.20 0.13 0.07 0.46
Fish and seafood -0.02 -0.12 0.17 0.33
Ice-cream and desserts 0.16 0.05 0.21 -0.04
Beverages, light 0.05 -0.18 -0.32 0.08
Red meat, lean -0.16 -0.01 0.06 0.15
Pies and egg dishes -0.13 -0.01 0.09 -0.04
Dairy products, high fat® 0.11 0.02 -0.03 -0.04
Coarse bread and crisp bread -0.06 -0.14 0.08 0.04
Poultry 0.03 0.01 0.14 0.18
Rice, pasta and polenta 0.01 -0.02 0.19 -0.15
Variation explained, % 7.5 7.9 8.0 7.1

Food groups with loadings >|0.2| were considered to have a strong association with the corresponding pattern
2Dairy products with <1.5% fat

*Other breakfast cereals than oatmeal

4Dairy products with 21.5% fat
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Table 6. Factor loadings for food groups (g/day) and energy density (kJ]/100g) for the two dietary
patterns in children aged 11-14y (n=290)!

Processed Health conscious

Food item Weekdays Weekend days Weekdays Weekend days
Energy density 0.74 0.81 -0.40 -0.17
Fats on bread 0.66 0.48 0.31 0.52
Jam, honey and chocolate spreads 0.60 0.45 0.11 0.00
White bread 0.41 0.55 -0.20 0.04
Cold cuts 0.34 0.18 0.54 0.56
Beverages, sugar sweetened 0.29 0.21 0.00 -0.17
Rye bread 0.28 0.19 0.60 0.59
Cakes and biscuits 0.26 0.26 -0.02 0.04
Sweets and chocolate 0.25 0.24 -0.12 -0.02
Juice 0.24 0.08 -0.20 0.39
French fries 0.23 0.18 -0.06 0.03
Poultry 0.23 -0.19 -0.04 -0.16
Vegetables -0.25 -0.37 0.59 0.32
Fruit -0.29 -0.44 0.23 0.42
Soup -0.32 -0.10 -0.12 0.03
Other breakfast cereals’ -0.40 -0.27 0.06 0.08
Red meat, fat 0.01 0.23 0.32 0.07
Potatoes -0.03 0.08 0.57 0.04
Sauce and gravy 0.02 0.17 0.38 -0.14
Water -0.20 -0.10 0.32 0.47
Dairy products, fat® -0.03 -0.11 0.29 0.31
Nuts and dried fruit -0.02 -0.05 0.29 0.09
Fish and seafood -0.01 0.07 0.25 0.18
Fast foods -0.15 -0.13 -0.32 -0.17
Salty snacks 0.04 0.09 -0.24 0.01
Coarse bread & crisp bread 0.17 -0.04 0.08 0.46
Rice, pasta and polenta -0.19 0.06 0.00 0.17
Pies and egg dishes -0.13 -0.13 -0.04 -0.17
Oatmeal -0.11 -0.17 0.18 -0.09
Red meat, lean 0.07 0.16 0.00 -0.02
Beverages, light 0.04 0.07 -0.20 -0.13
Dairy products, low fat* 0.02 -0.01 0.12 0.08
Ice-cream and desserts 0.01 0.04 -0.14 -0.10
Variation explained, % 8.0 7.1 7.9 6.5

Food groups with loadings >|0.2| were considered to have a strong association with the corresponding pattern
’Other breakfast cereals than oatmeal

3Dairy products with 21.5% fat

4Dairy products with <1.5% fat

Pearson correlation coefficients between the factor scores from each dietary pattern showed
significant positive correlations between corresponding patterns on weekdays and weekends
(P<0.05), with exception of the “health conscious” pattern in the 7-10 year-olds (Table 7).
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Table 7. Pearson correlation coefficients (r) and 95% confidence intervals between the factor scores
obtained on weekdays and weekend days in 4-6, 7-10 and 11-14 year-old children

“Processed” pattern “Health conscious” pattern
Weekdays vs. weekend days Weekdays vs. weekend days
r 95% Cl r 95% Cl
4-6y (n=207) 0.34 0.21-0.45 0.32 0.19-0.43
7-10y (n=287) 0.17 0.05-0.28 0.09 -0.02-0.21
11-14y (n=290) 0.48 0.39-0.56 0.35 0.28-0.45

Comparisons of “High PP” groups with “High HCP” groups (i.e. groups of children with high agreement
for the “processed” pattern and high agreement for the “health conscious” pattern, respectively),
showed that energy density of the diet as well as intake of sweets & chocolate and SSBs were
significantly higher, whereas intake of fruit & vegetables was significantly lower, in the “High PP”
groups than in the “High HCP” groups (P<0.05) (Table 8). These differences were evident on both
weekdays and weekend days for all age groups, except for intake of sweets and chocolate on weekend
days in the 7-10 year-olds. Moreover, the absolute intake data indicated less healthy dietary intakes on
weekend days for both the “High PP” and the “High HCP” groups. No significant differences regarding
BMI, weight status, gender and parental educational level were found between the "High PP” and the
“High HCP” groups within each age group.
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Table 8. Mean energy density (k]/100g) and mean intake of fruit & vegetables, sweets & chocolate and sugar sweetened beverages (SSBs)

(g/d) on weekdays and weekend days for the “High PP” and the “High HCP” groups within each age group

Weekdays Weekend days
“High PP” “High HCP” P-value* “High PP” “High HCP” P-value*
Median (Ps; Pgs) Median (Ps; Pgs) Median (Ps; Pgs) Median (Ps; Pgs)
4-6y n 46 n44
Energy density® 848 (668; 1148) 570 (501; 768) <0.001 999 (767; 1445) 617 (473; 839) <0.001
Fruit & vegetables 147 (19; 387) 382 (184; 735) <0.001 85 (0; 401) 331 (93; 685) <0.001
Sweets & chocolate® 7 (0; 42) 2 (0; 20) 0.001 25 (0; 108) 10 (0; 41) 0.002
SSBs® 113 (0; 744) 0 (0; 244) <0.001 272 (0; 750) 100 (0; 513) 0.001
7-10y n 67 n 58
Energy density® 832 (684; 1121) 571 (402; 701) <0.001 1056 (913;1301) 740 (447; 935) <0.001
Fruit & vegetables® 155 (31; 327) 427 (194; 1051) <0.001 55 (0;216) 313 (102; 1196) <0.001
Sweets & chocolate® 13 (0; 53) 6 (0; 34) 0.003 15 (0;81) 15 (0; 81) 0.454
SSBs® 163 (0; 1100) 100 (0; 323) <0.001 350 (0;1300) 263 (0; 805) 0.047
11-14y n 64 n 66
Energy density® 894 (748; 1152) 638 (437; 823) <0.001 1053 (788;1382) 720 (453; 981) <0.001
Fruit & vegetables® 100 (0; 371) 348 (84; 753) <0.001 64 (0;203) 383 (86; 947) <0.001
Sweets & chocolate® 22 (0; 135) 5 (0; 47) <0.001 31 (0;159) 13 (0; 91) 0.003
SSBs® 213 (0; 738) 50 (0; 919) 0.011 400 (0;1100) 125 (0; 1278) 0.013

“High PP”, children with factor scores in the highest tertile for the “processed” pattern and in the lowest or intermediate tertiles for the “health conscious” pattern;
“High HCP”, children with factor scores in the highest tertile for the “health conscious” pattern and in the lowest or intermediate tertiles for the “processed” pattern;
Ps, 5th percentile; Pys, 95th percentile;

*Comparing “High PP” groups with “High HCP” groups within each age group

®Significant differences between weekdays and weekend days for both the “High PP” and the “High HCP” group: P<0.05

bSignificant differences between weekdays and weekend days for the “High HCP” group: P<0.05

“Significant differences between weekdays and weekend days for the “High PP” group: P<0.05
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4.2.3 Sleep duration and dietary intake (Paper IV)

In the study of the relationship between sleep duration and dietary intake, described in Paper 1V, we
found that sleep duration was negatively correlated to age (P<0.001) and to BMI Z-scores (P<0.001).

In multiple linear regression models, sleep duration was positively associated with vegetables
(beta=0.057, P=0.027) and dietary fibre (beta=0.054, P=0.041), and negatively associated with liquid
“empty calories” (beta=-0.055, P=0.035), but not with energy intake (beta=-0.044, P=0.097) nor with
any of other the dietary variables (shown in Table Il in Paper IV) (P>0.05).

The median sleep duration used as cut-off values for short sleep duration were 10.15 h/day for the 4-6
year-old children (n=212), 9.63 h/day for the 7-10 year-old children (n=289) and 8.99 h/day for the
11-14 year-old children (n=301). There were no differences between children with sleep duration
above and below the median for age group regarding energy intake or macronutrient (protein, fat,
carbohydrate) contribution to energy in all three age groups.

In the 4-6 year-old children, short sleepers had a higher intake of liquid “empty calories”, i.e. SSBs,
(2374212 vs. 1824133 g/10M], P=0.002), a higher energy percentage from added sugars (12£4.5 vs.
11+3.8 E%, P=0.04) and lower intake of vegetables (144+80 vs. 170+84 g/10M], P=0.03) compared to
long sleepers. In the group of 7-10 year-old children, short sleepers had significantly higher intakes of
sweets & chocolates (28+20 vs. 22+16 g/10M], P=0.01) and poultry (25+23 vs. 18+18 g/10M],
P=0.004) than long sleepers. In the 11-14 year-old children, intake of rye bread was significantly lower
in short sleepers (48+46 vs. 56+43 g/10M], P=0.03) compared to long sleepers.

36



5. Discussion

The findings presented in this thesis are discussed in each of the four papers in the appendix. This
section provides some further comments or descriptions to supplement or expand the discussions in
the individual papers.

5.1 Evaluation of estimated energy intake

From the comparisons of reported EI with EE assessed with ActiReg® we found a modest misreporting
with both dietary assessment methods in the 7-8 year-old children. EI was 3% higher than EE with the
2x24-HDRs and 7% lower than EE with the 7-dFR, suggesting that both methods are suitable to
provide an appropriate estimate of EI at group level in this age group. In line with the well-known
tendency towards increasing under-reporting with increasing age from childhood to adolescence
(Livingstone et al. 2004; Forrestal et al. 2011), under-reporting was more pronounced with the 12-13
year-old children, and especially with the 7-dFR, as EI was 10% lower than EE with the 2x24-HDRs
and 20% lower than EE with the 7-dFR in this age group. The observed degree of misreporting of EI is
in accordance with findings from several validation studies of multiple 24-HDRs and pre-coded food
records validated against DLW in children (Montgomery et al. 2005; Bandini et al. 2003; Burrows et al.
2010).

Based on the correlations and cross-classifications, the 2x24-HDRs performed slightly better than the
7-dFR in terms of ranking, but the results indicate that both methods can be used to rank children
according to EI. Furthermore, the higher validity coefficients (VCs) obtained by the method of triads,
indicated that EI was closer to the unknown “true” value when estimated with the 2x24HR than by the
7-dFR. VCs were calculated only for both age groups combined due to the limited sample size. The
method of triads is based on the assumption that the errors associated with each of the three methods
are independent, and that estimates from each of the three methods are linearly related to the true
intake (Ocké & Kaaks 1997). However, some degree of correlation between the two dietary
assessment methods cannot be ruled out, and because the VCs could have been overestimated, they
should be regarded as upper limits of the true VCs.

Evaluation of reported EI against EE only identifies bias in the total dietary intake, and the assessment
of whether there is selective misreporting of certain food groups is essential. The relative validation of
food and nutrient intake with the 2x24-HDRs and the 7-dFR, performed by Trolle et al. (2011), showed
for both age groups that the higher EI with the 2x24-HDRs was mainly due to a significantly higher
carbohydrate intake. More importantly, the dietary fibre intake was found to be significantly higher
with the 2x24-HDRs, which corresponded to higher intakes of cereals, fruit and vegetables. Thus, the
higher EI with the 2x24-HDR method comprised higher amounts of some healthy foods compared to
the 7-dFR, but not higher amounts of snacks and other less healthy foods, which in general tend to be
under-reported (Andersen et al. 2004). This finding is important to consider, especially if it is assumed
that the higher EI with the 2x24-HDRs specify that the dietary reporting with the 2x24-HDRs is more
valid than with the 7-dFR.

It is a general finding that under-reporting appears to be more pronounced with food records than
with 24-HDRs, whereas over-reporting are found to be more often associated with 24-HDRs than with
food records in children (Forrestal et al. 2011; Burrows et al. 2010). In the present study, the
comprehensive 24-HDR interview incorporated a major effort to collect every detail of the dietary
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intake, including a thorough questioning technique using systematic probing questions. Moreover,
personal contact with the interviewer during the recalls most probably helped the children as well as
their parents in reporting all relevant information and in maintaining high motivation. Although these
aspects of the recall method may have several advantages, the interview situation may also enhance
the tendency towards social desirable behaviour and may have affected the reporting more in the
2x24-HDRs than in the 7-dFR (Maurer et al. 2006; Klesges et al. 2004). With both methods,
participants knew in advance which days the dietary intake was going to be reported. Since it may be
easier to keep to a more socially desirable diet on two non-consecutive days than during 7 consecutive
days, modification of the children’s dietary intake might also have been more likely with the 2x24-
HDRs. Although the 7-dFR is less prone to bias due to the interviewer-effect, concerns have been
raised about the use of this method because of the potential for study fatigue to develop, which may
result in increasing under-reporting during the end of the recording period (Lillegaard et al. 2007;
Biltoft-Jensen et al. 2009). However, this seemed not to have occurred in the present study (data not
shown).

We observed that the magnitude of underreporting was higher in the 12-13 year-old than in the 7-8
year-old children. Even though older children have more developed cognitive skills compared to
younger children, the assessment of dietary intake in older children and adolescents is recognised as
particularly challenging. It has been suggested that for example less structured eating patterns, more
frequent snacking outside the home, sensitivity t