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Abstract

Background There is a great need for improved dietary assessment
methods that give valid intake data and are more user friendly than
traditional methods.

Objectives The aim of this thesis was to develop, implement, and evaluate
dietary assessment methods using new approaches and technologies in
young populations, and to investigate variables that are important for
reporting accuracy. Another aim was to investigate day-of-the-week effects
on assessed energy and sugar intakes among children and adolescents.
Methods This thesis is based on data collected as part of four different
studies on the implementation of the following dietary assessment methods:
the short dietary questionnaire (SDQ), a food record (FR) with either a
digital camera or smartphone, and a computer-based 24-hour recall. Young
pregnant and non-pregnant women with different weight statuses completed
the SDQ. Children with overweight and obesity used digital cameras to
complete FRs, and adolescents used the smartphone application FR. Parents
of 2—-9-year-old European children completed the computer-based 24-hour
recall and the results of sugar intake of the children on weekdays and
weekends were analysed. The SDQ was evaluated against doubly labelled
water (DLW) and a more extensive food frequency questionnaire (FFQ). The
two FRs were evaluated against data from a SenseWear Armband (SWA),
and the smartphone FR was further compared to a web-based FR.

Results The new approaches and technologies used in the dietary
assessment methods in this thesis captured between 70% and 79% of the
energy intake (EI) of children, adolescents and young women, and the
ranking according to EI was generally low with all methods. The negative
effect on reporting accuracy with increasing BMI/weight status that has been
observed previously was confirmed in our studies. In children and
adolescents, a weekend day in the FR emerged as a factor that was positively
associated with reporting accuracy. Assessed sugar intake in children and
adolescents was high in general and highest on weekends, although EI did
not differ between weekdays and weekends.

Conclusions FRs using technology should focus on simplifying the
recording of consumed foods and amounts to a greater extent, for example,
by automatizing these steps as much as possible. The SDQ could be further
adapted for testing among other groups than young women, and could be
adapted for specific objectives. Factors influencing reporting accuracy need
to be taken into consideration and further explored when assessing dietary
intake. In order to make it possible to evaluate sugar intake in relation to
nutritional recommendations, information about added sugar in foods needs
to be incorporated into food composition databases. Further development



and research is needed to obtain dietary assessment methods with improved
accuracy and user friendliness.



Sammanfattning

Bakgrund Traditionella kostundersokningsmetoder ar kriavande och har
flera felkallor, vilket ofta leder till att energiintaget (EI) frin insamlade
kostdata ar lagre dn individens uppmatta totala energiférbrukning (TEE).
Det finns ett stort behov av kostundersokningsmetoder som ger valida
resultat och dr anvindarvanliga.

Syfte Syftet med avhandlingen var att vidareutveckla
kostundersckningsmetoder och att implementera och utviardera dem bland
barn, ungdomar och unga kvinnor. Syftet var ocksé att undersoka faktorer
med betydelse for en korrekt rapportering av kostintaget. Vidare var syftet
att undersoka skillnader i EI och intag av socker under vardagar och helger
bland barn och ungdomar.

Metod Avhandlingen baseras pa data frén fyra olika studier dar olika
nyutvecklade kostundersokningsmetoder anvindes. I en studie anvindes en
kort kostenkit (SDQ) pa unga gravida och icke-gravida kvinnor med olika
viktstatus. Rapporterat EI jamférdes med TEE uppmitt med dubbelméarkt
vatten-metoden, och rapporterat intag av naringsdmnen och livsmedel
jamfordes med en mer omfattande kostenkit (FFQ). I en annan studie
samlades kostdata in for 2-9-aringar fran dtta europeiska lander med hjalp
av en datoriserad 24-timmars recall som besvarades av foraldrarna. Barnens
socker- och energiintag jamférdes mellan mandag-torsdag, fredag och helg.
I en tredje studie genomforde 8—12-dringar med 6vervikt eller fetma en
kostregistrering med hjilp av digitalkamera vid upprepade tillfallen. I en
fjarde studie utvecklades och anvindes en smartphoneapplikation for
kostregistrering bland 15-aringar, som ocksa anvinde en webb-baserad
kostregistrering. Rapporterat EI med kostregistreringarna utviarderades i
jamforelse med TEE matt med SenseWear Armband, och EI och sockerintag
under vardagar och helger undersoktes.

Resultat SDQ underskattade EI med 30 % bland de icke-gravida kvinnorna
och en signifikant hogre underskattning skedde bland kvinnorna med
overvikt eller fetma. SDQ underskattade EI med 21 % bland de gravida
kvinnorna. SDQ kunde dock rangordna EI bland kvinnorna med 6vervikt
eller fetma och gav ett hogre estimerat intag av flera naringsamnen och de
flesta livsmedel jamfort med FFQ bland de icke-gravida kvinnorna.

De nyutvecklade kostregistreringsmetoderna underskattade EI bland barn
med 24 % och bland ungdomar med 29 %. Digitalkamerametoden visade god
reproducerbarhet for de olika maittillfdllena bland barn.
Smartphoneapplikationen kunde uppskatta ungdomars TEE och pojkars
fysiska aktivitetsnivd med en frdga om den dagliga fysiska aktiviteten.
Underskattning av EI 6kade med BMI och var ligre nir en helgdag fanns
med i kostregistreringen for bade barn och ungdomar. Bland barnen



underskattades EI mer bland flickor &n pojkar och underskattningen 6kade
med aldern. Det fanns ingen signifikant skillnad i intagsmangd av
niringsdmnen och livsmedel nar de méattes med smartphoneapplikationen
jamfort med den webb-baserade kostregistreringen, och flera naringsimnen
och livsmedel var signifikant korrelerade mellan de bada metoderna.

EI hos barn i Europa skilde sig inte 4t mellan vardagar och helger, men
det totala intaget av mono- och disackarider och/eller livsmedel med hog
andel tillsatt socker eller sackaros var generellt hogre pa helgerna.
Sockerintaget pa fredagar var ett mellanting mellan intaget under vardagar
och helger hos de europeiska barnen.

Konklusion De nyutvecklade kostundersokningsmetoderna fingade i
genomsnitt mellan 70 % och 79 % av EI bland barn, ungdomar och unga
kvinnor, och formagan att rangordna EI var generellt 1ag med metoderna.
Liksom i tidigare studier underskattades EI i hogre grad hos de med
overvikt/fetma eller hogre BMI i alla grupperna, och bland barn och
ungdomar framkom att validiteten 6kade med en helgdag i
kostregistreringen som en ny paverkande faktor. Barns och ungdomars
sockerintag var generellt hogt och som hogst under helgen.

Det finns ett stort behov av fortsatt forskning for att forbattra
kostundersckningsmetoders validitet och anvandarvanlighet. For
kostregistreringsmetoder som anvéander sig av teknik bor fokus i
vidareutvecklingen vara pa att gora det enklare f6r anvindaren att registrera
konsumerade livsmedel och portionsstorlekar, till exempel genom att
automatisera dessa steg i sd hog grad som mojligt. SDQ kan anpassas och
utvirderas dven i andra grupper och for olika syften. Faktorer med betydelse
for en korrekt rapportering av kostintaget bor tas i beaktande dven
fortsdttningsvis samt undersokas vidare. For att gora det mojligt att
utvirdera intaget av socker i jamforelse med niaringsrekommendationer bor
information om méangden tillsatt socker i livsmedel inkluderas i
livsmedelsdatabaser.
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Introduction

Foods, drinks, and sometimes dietary supplements are part of the diet, and
the types and quantities consumed commonly differ on a daily basis.
Therefore, individual diets are difficult to measure. The purpose of dietary
assessment is frequently to obtain information about the habitual energy
intake (EI) and nutrient intake, by asking individuals to report the foods they
consume. However, the reported EI in dietary studies is often lower than the
intake needed for energy balance and weight stability (1). Although efforts
have been made to improve dietary assessments by developing and
validating methods, the methods most often used are still traditional
versions of the 24-hour recall, the diet history interview, the food frequency
questionnaire (FFQ) and the food record (FR). In recent years, traditional
dietary assessment methods have been adapted for use with technology, e.g.
computers, personal digital assistants (PDA), and mobile phones (2), which
could possibly make dietary assessment more user friendly for study
participants and more in tune with their daily lives.

The three dietary assessment methods covered in this thesis are the FFQ, the
FR, and the 24-hour recall. Data from a study using a computerized 24-hour
recall was used to compare children’s sugar intake on weekdays and
weekends. High sugar intake has been associated with several conditions
such as dental caries, diabetes type 2, and overweight, and the World Health
Organization (WHO) recommends that the intake of added sugars should be
no more than 10 % of the total energy intake (E%) (3). Knowledge of the
sugar intake among children and adolescents could be a basis for the
planning of interventions to promote healthy diets in the young.
Furthermore, day-of-the-week effects on dietary intake are of concern for
researchers aiming to investigate the habitual dietary intakes of individuals.

Other variables of concern for dietary assessment are individual
characteristics associated with the accuracy of reported intakes (4). Knowing
which individual factors that are associated with misreporting of EI can be
helpful when conducting dietary studies in different populations and when
interpreting collected dietary data.

The focus of this thesis is on the methodological considerations of using the
FFQ and FR with new approaches and technologies, in terms of the validity
and reproducibility of the techniques as well as factors that are of
importance for the accuracy of reported EI. This thesis also investigates
children’s sugar intake on different days of the week, using a 24-hour recall.



Background

This chapter discusses the different dietary assessment methods and their
accuracy. It also provides a summary of dietary sugars, including intakes,
recommendations, and risks with high intakes.

Dietary assessment methods

Information about dietary intake is used for many purposes, for example, in
studies on the associations between diet and disease, in the development of
nutrition recommendations, and in the monitoring of dietary intake and the
outcomes of dietary interventions (Figure 1). Increased knowledge about the
diet’s role in many non-communicable diseases emphasizes the importance
of studies into diet and health. However, the development of dietary
assessment methods has not kept up with research in other areas. To keep
the methodology used in dietary studies in step with other areas of research
and society, it is of great importance that the development of improved
dietary assessment methods is prioritized.

Studies about
diet and
health

Dietary
| assessment |
methods

Intervention |
studies

Dietary
surveys

I.'f' Nutritional
recommen-

C‘m/

Figure 1. Examples of applications of dietary assessment methods.




The most common methods of dietary assessment are the diet history
interview, the FFQ, the 24-hour recall, and the FR. The FFQ is a
retrospective method that assesses habitual dietary intake over a specified
time period, e.g. 3 months, 6 months, or a year. The 24-hour recall and the
FR are methods that assess intakes on specific days. To assess individual
habitual intake, 24-hour recalls and FRs need to be conducted repeatedly.
The choice of dietary assessment methods depends e.g. on the aim of the
study, which aspect of the diet that is of interest, and the individual/group
under investigation. If the aim is to obtain a group mean intake of a
population, one assessment day per participant using an FR or 24-hour
recall is sufficient (5). However, the objective is often to assess the habitual
and absolute intake of an individual during a specific time period. In those
cases, an FFQ, a diet history interview, or repeated FRs or 24-hour recalls
might be suitable. In addition, the number of participants and the available
resources must be taken into account when selecting the appropriate
method. The method of choice should preferably be standardized and
validated in the study population prior to use.

Food frequency questionnaire

An FFQ consists of a list of foods, and the respondent is asked to indicate
with a checkmark how frequently the foods are consumed. Alternatives range
from ‘never’ to ‘more than once per day’. Food items are often grouped by the
food category they belong to, but meal-based designs are also used. Some
FFQs ask for portion size, for example, by including pictures of a plate with
increasing amounts of food or by indicating the size of a serving beside the
foods. When using such a semi-quantitative FFQ, it is possible to calculate
energy and nutrient intakes and to rank participants according to these
intakes.

The FFQ should suit the objectives of the study in terms of the foods/food
groups and consumption frequencies included. Included foods should be
commonly consumed in the population under study and should contribute to
variation in the intake among the participants. If a certain micronutrient is
of interest, it is only necessary to include those foods that contain the specific
nutrient. FFQs can be short or extensive, and the number of food items have
in a review been found to range from 5 to 350 (6). When the purpose is to
assess the whole diet and total EI, the FFQ should be extensive enough to
give detailed and comprehensive information about the diet. However, an
overly extensive FFQ can be burdensome for the participants and possibly
lead to careless completion and lower data quality. A short FFQ has the
advantage of being easy for the participant to complete, but important
information might be missed.



An FFQ is a method suitable for use in large studies because of its cost-
effectiveness. It is easy to distribute and can be machine-read to simplify
data handling. It is also less burdensome for the participants compared with
other methods and usually takes only 15-30 minutes to complete. The main
disadvantage is that all foods cannot be included in the FFQ, and it is,
therefore, not possible for the participant to report their exact dietary intake.
FFQs are not suitable, of course, for use in illiterate participants or young
children without proxy reporters. FFQs are the most common dietary
assessment method used in epidemiological studies with many participants
in which the aim to assess habitual intake and to rank individuals according
to intakes (7).

24-hour recall
The 24-hour recall is a method to assess the dietary intake during the

previous 24-hours, usually by interviewing the participant. The interview is
often performed face-to-face or over the telephone, and the interest is most
often in the exact foods and amounts consumed. The respondent is either
asked to recall what was eaten the previous day chronologically or a multiple
pass method is used (5). To estimate portion size, household measures can
be used, or the participant can be provided with food photographs to aid in
the estimation of amounts.

The greatest disadvantage with the 24-hour recall is that the respondent
might not be able to correctly remember everything that was eaten on the
previous day and in what quantities. Another disadvantage is the risk that
the participant is affected by the interviewer to give socially desirable
answers. When an individual’s habitual intake is of interest, several recalls
must be conducted, and this puts a higher burden on the respondent
compared to using an FFQ. When successful, however, information about all
the consumed foods and the exact amounts are obtained. Furthermore, it can
be easier for the respondent to recall what was eaten during the previous day
than to abstract their intake over several months to respond to an FFQ. The
method is also suitable for use in illiterate participants when administered
by an interviewer. The 24-hour recall has been used especially in dietary
surveys (8).

Food record

An FR aiming to assess the detailed dietary intake can be based on portion
estimates or on portion weights. The method is prospective, and the
participant records all foods and amounts consumed during the day together
with cooking methods, brands, fat content, and other important details. The
participant is often provided with a pre-printed form showing the details
that should be recorded. When using an estimated FR, amounts and portion



sizes are estimated using household measures or pictures of portion sizes.
When using a weighed FR, all foods eaten are weighed before consumption.
For mixed dishes, it is preferable that all ingredients are recorded separately.
Similar to the 24-hour recall, the FR has the ability to give detailed
information about the exact foods and amounts consumed. However,
because of the high participant burden of recording all consumed foods,
there is a risk that the intake will be altered to decrease the burden of
recording the data. The assessment of consumed foods will then be correct
but will not truly reflect the habitual dietary intake. Furthermore, social
desirability can make the participant avoid eating or recording unhealthy
foods, or the act of recording could make the participant change their diet
simply by making them aware of their intake. An estimated FR is less
burdensome for the participant than a weighed FR, but estimated amounts
are less precise. An FR is often used for 1—7 days, but some have been used
for up to 14 days (9). In the latest national dietary survey in Sweden, a four-
day web-based FR was used (10).

Technology in dietary assessment

Technological developments have led to new possibilities in dietary
assessments. It is now possible to use devices such as computers and mobile
phones to assess dietary intake, and this might make it easier for researchers
to distribute material related to the assessment and might make the method
more user friendly for the participant provided that he or she is familiar with
the technology (2). FFQs, 24-hour recalls, and FRs can be conducted with
the help of computers, and computer-based 24-hour recalls have been
developed and shown to be user friendly among adolescents (11). PDAs and
smartphones have been used to conduct FRs in some countries, and these
make it possible to send data of consumed foods to the researchers in real
time (12, 13). By photographing all food before consumption and plate waste,
the researchers are able to see what foods were consumed and in what
amounts. For most photographic methods it is still necessary for the
participant to note details about the foods that are not visible in the
photographs. Methods using automated image analysis of food photographs
from smartphones are under development, but have not yet been adapted for
use in a Swedish setting (14-16).

The development of new methods of dietary assessment using technology is
on-going. An example is the portable device developed by Sun et al. that is
worn around the neck and contains a small camera and microphone that
objectively records food intake (17). Another example is the algorithm
developed by Lacson and Long to automatically identify consumed foods and
amounts in a spoken FR (18).



It is important that newly developed methods are available and validated for
use in different areas, using different languages and country specific
nutrition calculation databases. In Sweden, for example, there are still no
published studies that have evaluated dietary assessment methods using
smartphones.

Dietary assessment in different groups

Depending on the group under investigation, different approaches to dietary
assessment might be needed. Dietary assessment can be especially
challenging in some groups in the general population, for example, in
children, adolescents, and young women. Children require different
assessment methods than adults. For young children (up to 8 years) proxy
respondents should be used, e.g. parents or other care providers who report
the child’s intake. However, parents usually only have second-hand
information about the child’s dietary intake at pre-school or at school, and
this makes it difficult for them to accurately report the child’s intake. For
meals consumed at pre-school or school, intake can be reported by the staff
or by the child itself, perhaps as early as from age 6 (19). From 8-10 years,
children can probably report their intake as reliably as their parents (20), but
they might still not have the ability to abstract their dietary intake in the way
that is needed when responding to an FFQ or to a diet history interview.
Literacy is also an issue when it comes to having children complete an FR.

It has been suggested that adolescents are less accurate reporters than
younger children and adults due to irregular eating habits, more meals
consumed away from home, and rebellion against authority (20). This
creates extra challenges for dietary assessment among adolescents and
suggests that dietary assessment methods need to be specially adapted for
use in this group. It is also likely that extra efforts are needed to recruit study
participants and to keep them from dropping out because adolescents might
be less motivated to participate in dietary studies.

Furthermore, whether participants are male or female could be important.
Young women are possibly more weight conscious than young men, and this
could lead to restrained eating or higher underreporting of dietary intake in
this group. If female participants are pregnant, this needs to be taken into
account when assessing their diet because they are in a positive energy
balance. Dietary intake of other specific groups, e.g. hospital patients or
athletes, might also be extra challenging to assess, but such challenges are
not the topic of this thesis.



Accuracy of assessed dietary intake

Reference methods to evaluate accuracy

EI from dietary assessment methods can be validated absolutely in
comparison with the doubly labelled water (DLW) method or other measures
of total energy expenditure (TEE), or it can be validated relatively by
comparing EI with data obtained from a different dietary assessment
method. Assessment of a specific food or nutrient can be compared with
biomarkers or to the results from another dietary assessment method. The
methods used for evaluation of the dietary assessment methods in this thesis
include both TEE from different sources and comparisons with other dietary
assessment methods.

The rationale behind using TEE as a reference method in validation studies
is that EI equals TEE if the individual is in energy balance and there is no
change in the body’s energy stores. The gold standard method to measure
TEE is the DLW method (1). The DLW method is an accurate and reliable
method to measure habitual TEE in free-living individuals over the course of
10-14 days. A dose of water loaded with the stable isotopes deuterium and
oxygen-18 is given orally to the participant, and urine samples are collected
during the following days and analysed using mass-spectrometry. Deuterium
is eliminated from the body as water, and oxygen-18 as water and carbon
dioxide. The difference between the elimination rates is thus a measure of
the carbon dioxide production from which TEE can be calculated using
standard equations (21).

Because the DLW method is expensive, other methods to measure TEE are
sometimes used. Accelerometers are devices that measure the intensity of
physical activity and can—together with age, gender, weight, and height—be
used to calculate TEE. The SenseWear Armband (SWA) Pro 2 and Pro 3 are
multisensory devices that are worn on the upper arm and measure activity
with a 2-axis accelerometer and sensors for heat flux, near-body and skin
temperature, and galvanic skin response (BodyMedia, Inc., Pittsburgh, PA,
USA). The SWA is placed on the upper right arm over the triceps muscle and
registers activity at 1-minute intervals. Because it is not waterproof, the SWA
has to be removed before showering or swimming. An advantage with the
SWA and other accelerometer-based methods is that physical activity and
TEE can be measured for one or several days compared to the DLW method
that measures the habitual TEE over a period of around 14 days. A
disadvantage with accelerometers is that they are often not able to measure
activity while bicycling and swimming.



A much less resource-demanding option to calculate TEE is to use basal
metabolic rate (BMR) and physical activity level (PAL). The PAL value is a
multiple of BMR reflecting the activity level during one or several days. If the
assessed EI is accurate, PAL should equal the food intake level (FIL), which
is the multiple of BMR reflecting EI. PAL can be obtained from various
sources such as a physical activity questionnaire or diary. The Goldberg cut-
off is a method to establish if the assessed EI is compatible with long-term
energy balance and survival. It is expressed as a multiple of BMR and is 1.35
at the group level (22). When used on the individual level, and taking the
assessment period into account, the cut-off will be lower due to within-
subject variations in intakes. The Goldberg method is an option in large
studies where other methods for identifying underreporters are lacking.

When validating assessed food and nutrient intake, it is common to use a
second dietary assessment method as the reference for relative validity. The
reference method should have independent errors, for example, both
methods should not rely on the memory of the participant. One of the most
common reference methods is the use of FRs over several days (5). However,
when developing new versions of traditional assessment methods, it can be
of interest to compare the new and traditional method to find out how the
changes to the method affects accuracy. Errors in two dietary assessment
methods used by the same participant are often dependent because they are
related to the individual, and in these cases validation against an objective
marker of nutritional status can be useful. Biomarkers exist for several
nutrients, and markers of urinary nitrogen (for protein intake), sodium, and
potassium are the most sensitive to dietary intakes (5). No biomarker has
been available for sugar intake, but the carbon isotope ratio of alanine in red
blood cells has recently emerged as a candidate marker that can possibly
accurately reflect sugar intake (23). Sucrose and fructose in the urine is
another marker for sugar intake that has recently begun to be used in studies

(24, 25).

Validity in dietary assessment

A valid dietary assessment method is one that measures what it intends to
measure, i.e. it gives accurate results for the aspect of dietary intake under
investigation during the specific time period of interest. That is, if the aim is
to assess habitual intake, the method should be able to assess that, and not
intakes that are true intakes but are altered due to the assessment.
Therefore, a valid dietary assessment method must be free from bias
(systematic error). There can be several reasons for bias in self-reported
dietary intake. This can be due to reporting the incorrect type of food and/or
portion size because of difficulties remembering or estimating exactly what
was consumed. Omitting unhealthy foods or overreporting healthy foods can



be a result of social desirability. Food composition tables or nutrition
calculation databases can also be sources of bias. Most often, when the
duplicate plate method (the laboratory analysis of a duplicate of the foods
consumed) is not an option, a food database is used to calculate EI and
nutrient intakes from dietary assessments (26). Because the foods in the
database do not have the exact composition of nutrients as the foods
consumed, this can lead to bias in the calculated intake data. Studies have
shown that assessed dietary intakes often are misreported with
underestimation occurring in adults across population groups and with all
assessment methods (27). A literature review found that the greatest
underestimation among children and adolescents was with FRs that only
captured between 11% and 46% of the TEE (28).

Dietary intakes in individuals might vary considerably from day to day (29).
Therefore, several days of assessment are needed for each participant when
investigating the habitual and absolute intakes. The number of days needed
depends on the nutrient under study and the required precision of the
assessment (5). Furthermore, intakes often differ systematically by the day of
the week, the season, and on holidays, and these differences must be taken
into account when assessing dietary intake.

Reliability in dietary assessment

Reliability in dietary assessment concerns to what extent the obtained
intakes are reproducible and free from random error. The differences in
intake when the same method of assessment is used repeatedly should only
consist of true variations in dietary intake. Sometimes the natural day-to-day
variation is seen as random error because it has, to a large extent, the same
effect on the results of dietary assessment as “real” random error (7).
Reliability can be increased by increasing the number of assessments. For a
method to be valid it is necessary that it is also reliable, but reliability does
not guarantee validity. Reproducibility is evaluated by repeated use of the
assessment method in the same individuals under the same conditions.
Enough time must pass between the assessments so that the participant does
not simply repeat the reported intake from the first assessment. However,
the time between assessments should not be too long such that the
participant might have changed dietary habits, e.g. because of seasonal
changes. To minimize the risk for random errors, care must be taken to use
standardized procedures and perform quality checks of the assessments.

In children and adolescents who are still growing, EI will be different
depending on age. This means that reproducibility of a method in these
groups cannot be evaluated by comparing intakes from the first assessment
to the next. An alternative approach is to compare the validity between the



assessments, i.e. to determine to what extent possible misreporting of
intakes are the same over time. This is the approach that was taken in paper
III in this thesis.

Statistical methods exist that can be used to correct the intake data used in
dietary studies. The statistical procedure used depends on the aim of the
study and the dietary data collected. For example, different statistical
approaches exist to estimate the habitual dietary intake of a population when
one 24-hour recall is used for each participant (30, 31). Such approaches can
be more efficient than the repeated assessment of the participants’ daily
dietary intake.

Factors influencing reporting accuracy

Several individual factors have been associated with the misreporting of
dietary intake, and these can be categorized as anthropometric factors (e.g.,
body mass index (BMI) and weight status), socio-demographic factors (e.g.,
gender, age, and education level), or psychological factors (e.g., restrained
eating and a desire to lose weight) (28). Other health behaviours have also
been associated with reporting accuracy (4), and the most consistent finding
is a higher degree of underreporting of EI among obese individuals
compared with normal-weight individuals (27). An increased
underestimation with increased BMI has also been found among overweight
and obese children (32). The factors associated with misreporting could
possibly differ between children and adults and between males and females.

Dietary sugars

Types of sugars

Sugars are glycaemic carbohydrates consisting of one or two monomers. The
sugars most commonly found in the diet are glucose and fructose (mono-
saccharides) and sucrose and lactose (disaccharides). Glucose and fructose
occur naturally in fruits and berries, and lactose is found exclusively in dairy
products. Sucrose is most often added to foods as a sweetener, but it also
occurs in fruits and berries in small amounts. Sometimes glucose and/or
fructose syrup is used in confectionary instead of sucrose. Sugar can be
categorized and defined in various ways, e.g. as “added” or “free” sugars.
Added or refined sugars are sugars added to foods during preparation or by
manufacturers (33, 34). Free sugars include the added sugars plus sugars
naturally occurring in honey, syrups, and fruit juices (3). The term “extrinsic
sugar” is sometimes used for sugars that are free in foods, and the term
“intrinsic sugar” is sometimes used for sugars that are naturally occurring in
the structure of foods.
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Recommendations

The WHO recommends no more than 10 E% of added sugars in the diet (3).
There is no common recommendation for the European countries (34):
however, some European countries have recommendations in line with the
WHO recommendation. In the Nordic countries and the UK, it is
recommended that intake of added sugars and non-milk extrinsic sugars
should be kept below 10 E% (33, 35).

Intakes in children and adolescents

The nutrition calculation database from the Swedish National Food Agency
lacks information about added sugars, and it is, therefore, difficult to obtain
data on sugar intake in Sweden in relation to the recommended intake. In a
national survey of children’s dietary intake, 18%-22% of energy came from
sucrose and monosaccharides, and it was estimated that 13 E%—-14 E% was
from added sugars (36). In a recent dietary survey in the UK, intake of non-
milk intrinsic sugars was 15 E% in 4-10-year-olds and 16 E% in 11-18-year-
olds (37). In a study among US adolescents based on national survey data, it
was estimated that intake of added sugar was 21 E% (38). Sugar intake in
children has been shown to be higher on weekends compared to weekdays.
For example, one study showed that sucrose intake in Swedish pre-school
children was 11 E% on weekdays and 16 E% on weekends (39). In Danish
4-14-year-old children, intake of sugar-sweetened beverages was higher on
weekends compared to weekdays, and this contributed to a higher E% of
added sugar on weekends (40). The same difference was not found in a study
among overweight US children, where intake of sugar-sweetened beverages
was lower on weekends compared to weekdays (41). In Sweden and
Denmark, children’s intake of sugar on Fridays was also found to be high

(40, 42).

Risks of high intakes

Several adverse health effects have been associated with a high sugar intake.
High sugar consumption will reduce the nutrient density of the diet when
foods rich in sugar but low in other nutrients make up a substantial part of
the dietary intake (43). There is clear evidence for a link between sugar
intake, especially sucrose, and dental caries (44). One study showed a linear
relationship between caries and sugar intake from 0-10 E%, and concluded
that sugar intake should ideally be limited to no more than 3 E% of the diet
(45). High intake of sugar and sugar-sweetened beverages has been
identified as a risk factor for overweight and obesity as well as for the
development of diabetes type 2 (46-48), although the findings in this regard
remain controversial (49). Furthermore, high intake of added sugars is
associated with risk factors for cardiovascular disease (38), and childhood
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obesity is a risk factor for diabetes type 2, hypertension, and coronary heart
disease in adulthood (50).
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Aims

The overall aim of this thesis was to develop, implement, and evaluate
dietary assessment methods using new approaches and technologies in
young populations, as well as to investigate variables that are important for
the reporting accuracy. Another aim was to investigate day-of-the-week
effects on assessed sugar intake and EI.

The specific aims were:

° To validate the EI assessed with a short dietary questionnaire
(SDQ) in pregnant and non-pregnant women with different
weight statuses, and to compare the assessed nutrient and
food intakes with a more extensive FFQ (Study I).

° To evaluate the validity and reproducibility of a digital camera
FR to assess EI in overweight and obese children (Study III).

° To develop, implement, and evaluate a smartphone
application to assess EI and TEE in adolescents, and to
compare assessed nutrient and food intakes with a web-based

FR (Study IV).

° To investigate variables associated with reporting accuracy in
children, adolescents, and young women (Studies I, III and
V).

° To compare sugar intake and EI between weekdays (Monday

through Thursday), Fridays, and weekends in children and
adolescents (Studies II, ITI and IV).
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Methods and results

This thesis consists of data from four different studies (Table 1). The four
studies are described under their own headings together with the methods
used in each study and the results of the studies. Development of the dietary
assessment method and the data collection for study IV were conducted
within the doctoral studies.

Table 1. Overview of the papers included in the thesis.

Study/Paper |

Study/Paper Il

Study/Paper Il

Study/Paper IV

Name of study

Design

Geographical area

Participants

Dietary assessment
method

Reference method

Nutritional focus

Additional methods
used

LifeGene pre-pilot

Cross-sectional
(baseline
2008-2009)

Vasterbotten,
Sweden

Women, 18-35
years old, n =90

A food frequency
questionnaire
“Short Dietary
Questionnaire”
(SDQ)

Doubly labelled
water

A more extensive
food frequency
questionnaire

Energy intake,
macronutrients, Ca,
Fe, Se, Zn, food
groups

Weight, height

IDEFICS'

Cross-sectional
(baseline
2007-2008)

Survey centres in
eight European
countries

Children, 2-9 years
old, n=9497

Computer-based
24-hour recall
completed by
parents

Energy intake, total
sugars, foods and
drinks rich in added
sugar

Weight, height,
parental
questionnaire

SELFH?

Repeated cross-
sectional
(2007-2009)
Viasterbotten,
Sweden

Children, 8-12 years
old,n=73
Repeated food

records with a
digital camera

SenseWear
Armband

Energy intake

Weight, height

Cross-sectional
(2013)

Vastra Gotaland,
Sweden

Adolescents, 14-16
yearsold, n =81

Food record with a
smartphone
application

SenseWear
Armband

A web-based food
record

Energy intake,
nutrients and food
groups

Weight, height,
questionnaire

11dentification and prevention of Dietary - and lifestyle - induced health EFfects In Children and
infantS. The eight European countries that participated in IDEFICS were Belgium, Cyprus,
Estonia, Germany, Hungary, Italy, Spain, and Sweden.

2Studies of the Effect of Lifestyle and Food Habits — overweight children’s health
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Study I: Validation of the SDQ in women participating in the
pre-pilot project for the Swedish LifeGene Study

The pre-pilot project for the Swedish LifeGene Study (51) was conducted in
Vésterbotten County, in the north-east of Sweden, in 2008-2009. One of the
aims of the study was to test measurement instruments that can be used for
dietary assessments in pregnant and non-pregnant young women.

Methods

The SDQ was developed with the goal of being short and easy for
participants to complete, but still able to capture a majority of the dietary
intake and to be used to calculate EI and the intake of calcium, iron, zinc,
and selenium. Calcium is important at young ages when bone formation
peaks, and iron and selenium intakes have been shown to be lower than
recommended in young women participating in a national dietary survey
(52). Therefore, food items for the SDQ were selected that had been shown to
contribute to a majority of the EI and to the calcium, iron, and selenium
intake in the national survey. The selected foods were also shown to capture
a majority of the zinc intake. The SDQ asks about the intake during the
previous three months and includes 39 foods/food groups/dishes as well as
the intake of dietary supplements. The SDQ determines intake as the
amounts consumed per day, week, or month, e.g., the number slices of bread
consumed per day or week. It also includes questions about the proportions
of different types of foods consumed, e.g., what per cent of bread
consumption was white, whole meal, or crisp bread. Energy and nutrient
contents were aggregated for several representative foods to obtain average
values for each of the included items. Portion sizes were obtained by
weighing several food items and dishes and from the weight tables provided
by the National Food Agency (53). Portion size pictures were included with
seven different options for foods such as meat or meat dishes, vegetables,
and rice. Energy and nutrient contents were calculated using the nutrition
calculation program Dietist XP version 3.1 (Kost och Naringsdata AB,
Bromma, Sweden), which uses the Swedish food database (version 2009-05-
19). The SDQ is published as supplementary material to Paper I.

Normal-weight and overweight/obese pregnant women born in 1973-1988
were recruited to the LifeGene pre-pilot study with the help of midwives, and
normal-weight and overweight/obese non-pregnant women who planned to
become pregnant in the future were recruited by advertisements in local
media and by word of mouth. Pregnant and non-pregnant women were
matched according to age, education level, income level, and region of
residence. Exclusion criteria were recent cardiovascular events, recent
physically debilitating surgical procedures, unmanaged serious psychiatric
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disorders, dependency on illicit drugs, or the inability to commit fully to the
study protocol.

The LifeGene pre-pilot study aimed to recruit at least 100 women based on
sample size calculations, evenly distributed by weight and pregnancy status.
Due to difficulties in recruiting obese (BMI >30 kg/m2) pregnant women, 35
pregnant women, of whom five were overweight/obese, and 73 non-pregnant
women, of whom 35 were overweight/obese, were recruited. Exclusions were
made because of non-completion of methods, missing data, or vegetarian
diet. Furthermore, three overweight/obese pregnant women were excluded
because this group was too small for separate analysis. In total, 65 non-
pregnant women, of whom 31 were overweight/obese (BMI >25 kg/m?2), and
25 pregnant normal-weight (BMI <25 kg/m2) women completed the
protocol.

The SDQ was completed at a visit to the Clinical Research Center at Umeé
University Hospital. A 66-item FFQ previously used in a large
epidemiological study (54) was completed at home after a 10-day DLW
measurement period. The FFQ had nine consumption frequencies ranging
from ‘never’ to ‘4 or more times per day’. Portion size pictures were included
for potatoes, rice and pasta, meat and fish, and vegetables. Other portion
sizes were natural portion sizes or age- and gender-specific portion sizes
obtained from 24-hour recalls in the same general population to which the
participants in the present study belonged (53, 55). Energy and nutrient
contents were calculated with the computer program StorMATs (Rudans
Lattdata, Vasteras, Sweden), which used the Swedish food database version
1994 for macronutrients and version 2009 for micronutrients. An 84-item
version of the FFQ had been relatively validated against 24-hour recalls in
the same general population as the LifeGene pre-pilot study and showed
good reproducibility and acceptable validity (56). The FFQ assessed intakes
12 months back (before and during pregnancy), and was, therefore, not used
in the analysis of the pregnant women. The SDQ assessed intakes during the
previous 3 months (only during pregnancy) and was included in the analysis
of the pregnant women. Dietary supplements assessed with the SDQ and
FFQ were not comparable and, therefore, were not included in the analysis.

Statistical data analysis was performed in IBM SPSS Statistics version 20
(Armonk, NY, USA), and P-values < 0.05 were considered significant. The
Bland-Altman method was used to determine the accuracy of the assessed EI
compared with the TEE from the DLW measurement. Spearman correlation
coefficients were calculated between assessed EI and the TEE from the DLW
measurement and for nutrients and food groups between the SDQ and FFQ.
Ranking of nutrients and food groups with the SDQ and FFQ were further
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investigated using cross-classification in quartiles (for the thesis).
Differences in EI and TEE and in nutrients and food groups with the SDQ
and FFQ were analysed using the Wilcoxon signed-rank test. Analyses were
performed for all women together or according to weight and pregnancy
status. Differences between the normal-weight and overweight/obese
women in terms of the accuracy of assessed EI was analysed with the
Mann-Whitney U-test.

The study was approved by the Regional Ethical Review Board in Umea,
Sweden.

Results
The characteristics, EI, and TEE of the participants are presented in Table 1,
Paper L.

In all non-pregnant women, the median underestimation on the group level
with the SDQ (n = 65) was 30% of TEE (P < 0.001), and with the FFQ (n =
61) it was 34% of TEE (P < 0.001) (Table 1, Paper I).

The median underestimation of EI assessed with the SDQ was 22% of TEE (P
< 0.001) in normal-weight non-pregnant women and 43% of TEE (P <
0.001) in overweight/obese non-pregnant women (Table 1, Paper I). The
median underestimation of EI with the FFQ was 29% of TEE (P < 0.001) in
the normal-weight non-pregnant women and 46% of TEE (P < 0.001) in the
overweight/obese non-pregnant women. The difference between the groups
was statistically significant for both the SDQ (P = 0.02) and the FFQ (P =
0.001). The correlation between EI and TEE was only significant with the
SDQ in the overweight/obese women (Table 1, Paper I).

In the normal-weight pregnant women, the median underestimation of EI
with the SDQ was 20.5% of TEE (P = 0.002) (Table 1, Paper I). The
correlation between EI from the SDQ and TEE was not statistically
significant.

The mean differences and the limits of agreement (+1.96 SD) for EI from the
questionnaires and TEE categorized by pregnancy and weight status, are
presented in Table 2.

Median intakes of protein, carbohydrate, calcium, selenium, and zinc in non-
pregnant women were significantly higher when assessed with the SDQ than
the FFQ both for crude intakes and intakes/MJ (Table 2, Paper I). Median
intakes of fat and iron were significantly higher when assessed with the FFQ
than the SDQ. For food groups, the intakes of 15 out of 26 groups were
significantly higher when assessed with the SDQ, and 9 were not
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significantly different between the methods (Table 3, Paper I). The food
groups of milk/sour milk/yoghurt with 3% fat and chips and other snacks
were significantly higher when assessed with the FFQ. Spearman
correlations were statistically significant for all nutrients and foods when
comparing the SDQ and FFQ (Table 3). Cross-classification showed that
33%-49% of nutrient intakes and 26%-62% of food group intakes were
classified in the same quartile with the SDQ and the FFQ. From 2% to 10%
(1-6 individuals) for nutrients and from 0% to 10% for food groups were
classified in opposite quartiles (Table 3).

Table 2. Results of Bland-Altman analysis of energy intake (EI) as assessed
with a short dietary questionnaire (SDQ) and a more extensive food
frequency questionnaire (FFQ) compared with total energy expenditure
(TEE) measured with the doubly labelled water method.

Bland-Altman method

M iff , k) .
ean difference Limits of agreement, kJ

[95% CI']
All non-pregnant women
(n =65)
Elspq- TEE -3434 [-4060, -2809] -8383, 1515
Eleeq- TEE? -4043 [-4710, -3377] -9145, 1059
Elspq - Elerq? 487 [-56, 1030] -4640, 3666
Non-pregnant, normal-
weight women (n = 34)
Elspq - TEE -2601 [-3431, -1770] -7267, 2065
Elgeq - TEE? -2924 [-3776, -2072] -7477, 1629
Elspq - Elrr® 165 [-564, 893] -3728, 4058
Non-pregnant
overweight/obese women
(n=31)
Elspq - TEE -4348 [-5225, -3471] -9032, 336
Elrq - TEE? -5200 [-6092, -4308] -9884, 516
Elspa - Elerq? 820 [-14, 1653] -3556, 5196

Pregnant normal-weight
women (n = 25)
Elspq - TEE -2415 [-3775, -1054] -8873, 4043

1Confidence interval from the one-sample t-test.
2In the analysis of the FFQ, the sample consisted of 31 normal-weight non-pregnant women and
30 overweight/obese non-pregnant women.
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Table 3. Spearman correlations between nutrients and food groups assessed
with a short dietary questionnaire and those assessed with a more extensive

food frequency questionnaire in 61 non-pregnant women, and the

percentage in the same, adjacent, and opposite quartiles.

Spearman
correlation
[95% CI]

Same quartile
%

Adjacent quartile
%

Opposite quartile
%

Nutrients

Fat

Protein
Carbohydrates
Calcium

Iron

Selenium

Zinc

Food groups

Bread

Butter/margarine on
bread, 40% fat?
Butter/margarine on
bread, 60%-80% fat?
Cheese, 17% fat?
Cheese, 28% fat
Milk/sour milk/yoghurt,
0.5% fat

Milk/sour milk/yoghurt,
1%-1.5% fat?

Milk/sour milk/yoghurt,
3% fat®

Boiled potatoes

Fried potatoes/pommes
frites®

Vegetables

Fruits and berries

Meat

Fish

Poultry

Pasta

Rice

Cream/créme fraiche
Biscuits/cookies/
buns/cake

Chocolate and sweets
Chips and other snacks®
Ice cream
Juice/syrup/soft drinks
Beer*

Wine?

Spirits®

0.54 [0.33, 0.70]
0.46 [0.24, 0.64]
0.47 [0.25, 0.65]
0.37[0.13, 0.57]
0.52[0.31, 0.68]
0.52 [0.31, 0.68]
0.41 [0.18, 0.60]

0.58 [0.39, 0.73]
0.53 [0.32, 0.69]

0.69 [0.53, 0.80]

0.63 [0.45, 0.76]
0.74 [0.60, 0.84]
0.70 [0.55, 0.81]

0.62 [0.44, 0.75]
0.28 [0.03, 0.50]

0.60 [0.41, 0.74]
0.59 [0.40, 0.73]

0.58 [0.39, 0.73]
0.67 [0.50, 0.79]
0.50 [0.28, 0.67]
0.53 [0.32, 0.69]
0.70 [0.55, 0.81]
0.51 [0.30, 0.68]
0.60 [0.41, 0.74]
0.64 [0.46, 0.77]
0.81[0.70, 0.88]

0.56 [0.36, 0.71]
0.47 [0.25, 0.65]
0.55 [0.35, 0.70]
0.67 [0.50, 0.79]
0.48 [0.26, 0.65]
0.72 [0.57, 0.82]
0.67 [0.50, 0.79]

49.2
42.6
37.7
39.3
36.1
42.6
32.8

36.1
55.7

63.9

60.7
57.3
59.0

54.1

37.7

47.5
54.1
44.3
42.6
393
47.5
37.7
42.6
59.0

26.2

49.2
62.3
34.4

27.9
32.8
393
42.6
443
393
41.0

49.2
311

29.5
344
27.9

393

41.0

344
29.5
32.8
344
50.8
29.5
45.9
47.4
344

59.0
39.3

19.7
45.9

1.6
33
33
9.8
1.6
33
4.9

33
131

4.9

9.8
33
33

6.6

33
1.6
4.9
1.6
33
9.8

o

1.6

4.9
8.2

1Confidence interval.

2Tertiles.

3Cut-off points could not be made because of granularity in the data.

4n = 58 who reported to consume alcohol.
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Study II: Sugar intake on weekdays versus weekends in
children participating in the IDEFICS study
The Identification and prevention of Dietary - and lifestyle - induced health

EFfects In Children and infantS (IDEFICS) study was conducted from
2007/2008 (baseline) to 2012 with the aim of describing the effects of
environment, diet, and other lifestyle factors on children’s health and to
develop, implement, and evaluate a community-based primary intervention
program to reduce diet and lifestyle-induced disorders with a focus on
overweight and obesity (57).

Methods
A computer-based 24-hour recall —the Self-Administered Children and

Infant Nutrition Assessment (SACINA)—was developed from the Young
Adolescents' Nutrition Assessment on Computer System that had been
developed and used in the Healthy Lifestyle in Europe by Nutrition in
Adolescence study (58). SACINA assesses food and nutrient intake, EI,
portion size, food groups, and the contributions of foods and drinks to EI
and nutrient intake during the day of assessment (59). SACINA is structured
chronologically around six meal occasions and asks for additional
information about the child’s day, for example, the time they wake up in the
morning and time they spend at pre-school or school. Foods are selected
from categories in a hierarchical structure, and foods not included in
SACINA can be added. Portion size is reported by selecting from given
alternatives suited to the different foods or by entering a known exact
amount. Many foods have portion size pictures with increasing amounts to
help estimate the consumed amount (Figure 2). By pressing the button
‘more’ or ‘less’, a picture with more or less of the food is shown on the screen
and the correct portion size can be chosen. Each of the eight countries
participating in IDEFICS had their own version of SACINA with foods and
portion size pictures common for the respective country. Foods and portion
sizes were adapted to suit children, and a beta version of the program was
pre-tested in each of the participating countries prior to use in the study and
missing foods were added to the list. The final Swedish version of SACINA
included 1805 different foods and 165 portion size pictures. The countries
used their national food composition tables for calculation of EI and nutrient
intakes except Hungary, which used the German food composition table.
Intakes were categorized into 110 food groups common for all countries. The
food composition tables did not allow for separate calculation of added
sugars, so only total sugars (all mono- and disaccharides) were presented in
the present study. A second variable representing sugar intake was foods and
drinks rich in added sugars. This variable included four sub-groups of foods:
cereal-based, dairy-based and sugar-based foods rich in added sugars, and
sugar-sweetened drinks.

20



| F_Foodcallection - o x
[pasta, ris ach gryn
[rs [=]
et
Hur mé&nga matskedar vitt ris o
at du? L
Glom inte att lagga till ev
tillbehor separat!
lunch
2 3 2 [vegetariska vamular 3 B oam MK
A 3 [motskedar currysts 3 S oam K
MINDRE |: MER | Sk AVERYT 0.K.
H i 1 [matsked bizndads orénsaker a W gem MK
Foreglende fraga 3 (ol 3 [ wam
Klicka har nér du &r klar med denna maltid

Figure 2. Screenshot of the Swedish version of the Self-Administered
Children and Infant Nutrition Assessment (SACINA), a computerized 24-
hour recall.

Children from Belgium, Cyprus, Estonia, Germany, Hungary, Italy, Spain,
and Sweden participated in the IDEFICS study. Survey centres in the
participating countries recruited children aged 2-9 years from pre-schools
and schools (years 1 and 2) in their respective areas with the aim of including
children of varying socioeconomic backgrounds. Thus, the samples were not
nationally representative. All children in the selected pre-schools and
schools were invited to participate in the study. Of 31,543 invited children,
16,220 participated, and 9497 had at least one day of acceptable 24-hour
recall diet data from baseline for inclusion in the present analysis.

During the baseline survey in 2007/2008, 24-hour recalls were completed
by proxies (most often parents) of the children at the survey centre or in
their homes with the help of a dietician or trained personnel. School meal
assessments were conducted for children who ate meals in pre-school or
school. This added complications to the data collection in countries such as
Sweden where some children in addition to lunch also had breakfast and
snacks at pre-school or school. All meals were observed, and foods and
drinks were entered into a standardized template by trained staff, teachers,
or assistants. Dietary information from the parental and school meal-based
parts of SACINA were merged to yield a full-day record. Most children had
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one day of dietary data, and a subgroup contributed with more than one day
of data.

The dietary assessment with SACINA has been validated using adapted
Goldberg cut-offs in 6101 of the children participating in the IDEFICS study
who had complete information about covariates (60). Results of the
validation study showed that 89% of the reports were plausible.
Furthermore, several factors were identified that were associated with
increased risk of being classified as underestimating EI. Among these factors
were increased age and BMI-z of the child, larger household size, belonging
to the low-medium income group, male proxy reporter, and the proxy
perceiving the child as overweight. Those classified as underestimating EI
also had the lowest reported intake of sugary foods.

Data analysis was performed in IBM SPSS Statistics version 20 (Armonk,
NY, USA), and P-values < 0.05 were considered significant. One 24-hour
recall per child was included in the analysis. Because Fridays are structurally
similar to both weekdays (during school-time) and weekends (after school),
they were analysed separately. The school-based design of IDEFICS did not
allow for 24-hour recalls on Fridays and Saturdays without making home
visits; therefore, a smaller number of these days were represented in the
data. Two different selections of days were made so as to include as many
Fridays and Saturdays as possible for children who had more than one recall
each. The first selection excluded Fridays and aimed to include as many
Saturdays as possible. In this selection, 9340 children were included for
comparison of weekdays (Monday-Thursday) and weekends
(Saturday—Sunday). In the other selection, as many Fridays as possible were
selected and all 9497 children were included for comparison between
Fridays and weekdays or between Fridays and weekends. General linear
models were performed with the dependent variables of total sugars, foods
and drinks rich in added sugar, and EI. The models with the dependent
variable EI were adjusted for age, gender, and country, and the models with
the dependent variables total sugars and foods and drinks rich in added
sugar were additionally adjusted for EI. Models were tested for interactions
by country and age group. The age groups were divided into pre-school
children aged 2-5 years and school children aged 6—9 years. Not all
countries were analysed separately due to a lack of dietary data for Fridays or
weekends. A Bonferroni correction was applied in the models comparing
Fridays with weekdays or weekends to take into account the multiple testing.

Ethical approval was obtained from each country’s responsible authority.
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Results

The characteristics of the children along with their EIs and sugar intakes are
presented in Table 1, Paper II. The intake of total sugars was 97 +48
grams/day, or 26 +10 E%. The intake of total sugars ranged from 77
grams/day (19 E%) in Estonia to 114 grams/day (30 E%) in Germany. The
intake of foods and drinks rich in added sugar was 308 +295 grams/day. The
intake of foods and drinks rich in added sugar ranged from 99 grams/day in
Cyprus to 430 grams/day in Germany.

In the weekday (Monday-Thursday) vs. weekend analysis (n = 9340), the
adjusted intake of total sugars was 92 grams/day on weekdays and 99
grams/day on weekends (P < 0.001) (Figure 2A, Paper II). For foods and
drinks rich in added sugars, the intake was 261 grams/day on weekdays and
307 grams/day on weekends (P < 0.001) (Figure 2B, Paper II). In the Friday
analysis (n = 9497), the intake of total sugars was 96 grams/day, and the
intake of foods and drinks rich in added sugar was 271 grams/day. The
intake of total sugars on Fridays was similar to that on weekends and was
significantly different from the intake on weekdays (P = 0.009) (Figure 3A,
Paper II). The intake of foods and drinks rich in added sugar on Fridays was
similar to that on weekdays and significantly lower compared to the intake
on weekends (P = 0.02) (Figure 3B, Paper II). The EI was 6389 +2105
kJ/day and did not differ when comparing weekdays to weekends (results
not shown). The results varied by country and age group of the child (pre-
school or school). The weekend effect on the intake of total sugars and foods
and drinks rich in added sugar (n = 9340) was more pronounced in the pre-
school children compared to the school children (Figures 2A and B, Paper
IT). Children in Belgium had a lower intake of total sugars on weekends (only
Sundays) compared to weekdays (P = 0.05). Children in Spain had a higher
EI on weekends (only Sundays) compared to weekdays (P = 0.009).
Unadjusted intakes of total sugars, sub-groups of foods and drinks rich in
added sugar, and EI on weekdays and weekends are displayed by country in
Table 4.
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Study III: Evaluation of a digital camera food record in
children participating in the SELFH study

Studies of the Effect of Lifestyle and Food Habits — overweight children’s
health (SELFH) was a two-year randomized controlled intervention study
commencing in 2006 in the city of Umed, Sweden (61). The study focused on
food and lifestyle habits and aimed to prevent negative health effects in
overweight and obese children.

Methods

The children participating in this study were 8—12 years old. Because
children of this age often eat away from home, e.g. at school or at friends’
homes, it was decided that the estimated FR used in the study would be
conducted with the help of a digital camera so that the children would not
have to carry a paper and pencil with them throughout the day. The
photographs of the foods consumed during the day were used to complete an
estimated paper and pencil FR in the evening. Photographs were taken of all
consumed foods as well as any leftovers, and a measuring tape was placed
beside the food to facilitate portion size estimation (Figure 3). The children
were also provided with a booklet containing pictures of common foods with
different portion sizes and known weights (62). The paper and pencil FR was
a food diary with fields for all required information such as the time of the
meal, the type of food, and other important information such as cooking
method, brand name, fat content, etc. The parents helped the children fill in
the food diary in the evening with help of the photographs, booklet, and
standard household measures.

Figure 3. Examples of food photographs taken by participants in the
SELFH study to aid in recording of dietary intake in the evening.
Participants were asked to place a measuring tape beside the dish to
facilitate the estimation of portion size.

A total of 105 eligible overweight and obese children were included in the
SELFH study and randomized to either the intervention or control group.
The same measurements were made in both groups regarding

anthropometrics, dietary intake and physical activity. The children in the
intervention group also participated in 15 group sessions and used a web-
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based platform aimed at improving their dietary habits and increasing their
physical activity. Overweight and obesity were defined according to the
International Obesity Task Force (IOTF) as an adult BMI of >25 kg/m?2 for
overweight and >30 kg/m?2 for obesity (63). Twelve children dropped out
before baseline measurements, and this left 93 children in the study. FR and
SWA data from 73 children were used at inclusion. Of these, 57 children
remained after 1 year and 54 remained after 2 years of the study. Girls and
boys were equally represented in the sample. FR and TEE data were
available for 73 children at the first assessment occasion and for 27 children
at the seventh assessment occasion.

Children were recruited by sending letters to all families with children born
in 1995-1998 and living in the municipalities of Ume&, Nordmaling, Vannas,
Robertsfors, and Bjurholm in Vasterbotten County in northern Sweden.
Inclusion criteria were being born in 1995-1998, living near the city of
Umea, having access to the Internet, and having no attention deficit disorder
or diseases that affected the metabolic variables.

FRs were completed on seven occasions that were evenly distributed over the
2-year study period. Six occasions were 2-day records, and after 1 year a 4-
day record was conducted. The FRs covered all seasons and included both
weekdays and weekends. FRs with only one meal recorded per day were
excluded as were FRs on days when the child had a stomach illness. On the
same days as the FR, the children wore an SWA to measure TEE. The
computer software InnerView Professional version 5.1 (BodyMedia, Inc.,
Pittsburgh, PA, USA) was used to estimate TEE from the SWA data together
with the child’s gender, age, weight, and height. A cut-off of 19 hours/day
was used for the SWA data. The children’s weight and height were measured
by a research nurse at Umed University Hospital. BMI and BMI-z were
calculated based on three different reference populations (64-66), and BMR
was calculated according to Dietz et al. (67).

The data were analysed using IBM SPSS Statistics version 19, and P-values <
0.05 were considered significant. Seven children with no FR data on the first
assessment occasion had data on the second occasion, and these were moved
and regarded as the first assessment occasion so that the first assessment
occasion was complete for all 73 children. The following assessment for these
seven children were also moved, and the time between assessments
remained unchanged. Spearman correlation was calculated for EI and TEE,
and the difference between EI and TEE was analysed using the one-sample t-
test. The accuracy of the assessed EI was illustrated with a Bland-Altman
plot. A mixed model procedure was performed to investigate the
reproducibility of the FR between the assessment occasions and the variables
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(gender, age, and BMI-z) that affected the reporting accuracy. The models
were adjusted for the study group (intervention group or control group) and
to account for weekend days in the FR, and the BMI-z from WHO reference
values was used in the model (66). Reproducibility was defined as repeated
validity in the growing children. The dependent variable was [(EI - TEE) /
TEE] because the Bland-Altman plot showed that the reporting accuracy was
dependent on the average energy values. A Bonferroni correction was
applied to take into account the multiple testing. For the thesis, mixed model
analysis was also performed for the dependent variables of total mono- and
disaccharides, sucrose, and EI to investigate differences when a weekend day
was included in the FR on all assessment occasions. Models for total mono-
and disaccharides and sucrose were adjusted for study group, gender, age,
and EIL

Ethical approval was obtained from the Regional Ethical Review Board in
Umead, Sweden.

Results
The characteristics of the children at inclusion and after 1 and 2 years of
participation are presented in Table 1, Paper III.

Reporting accuracy is displayed in Figure 1, Paper III. At the first assessment
occasion, children underestimated EI by 24% compared with TEE (P <
0.001) (Table 2, Paper III). The correlation between EI and TEE was
borderline significant (P = 0.051) on the first assessment occasion. The
photographic FR method was reproducible, i.e. no significant differences in
reporting accuracy were found between the seven assessment occasions.

The difference between EI and BMR on the first assessment occasion is
shown in Figure 4. In total, seven boys and nine girls had an assessed EI that
was less than the calculated BMR. The mean assessed EI was 1513 kJ above
the calculated BMR.

Mixed model analysis including all seven assessment occasions showed that
El relative to TEE was less underestimated in boys (P = 0.03) and in FRs
that comprised a weekend day (P = 0.05) (Table 3, Paper III).
Underestimation relative to TEE increased with BMI (P < 0.001) and age (P
= 0.004). There was no effect of gender or having a weekend day in the FR
when TEE was not adjusted for.

The median intake of total mono- and disaccharides was 120 +62 grams/day,
or 24 +8 E%, at the first assessment occasion. The intake of sucrose was 50
+40 grams/day, or 10 +8 E%. For all seven assessment occasions taken
together, the intake of sucrose was significantly higher when a weekend day
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was included in the FR (P = 0.002), but no difference was found for total
mono- and disaccharides or EI (results not shown). Descriptive statistics of
the proportion of children with low, medium, and high E% intake of sucrose
and total sugars in the FR with and without a weekend day included are
presented in Table 5. Cut-offs were chosen after examining the data.

Mean +1.96 SD
[+}

Difference between El and BMR (kJiday)

4000

T T T T
5000 €000 7000 8000 9000 10000 11000

Mean of El and BMR (kJ/day)

Figure 4. Difference between energy intake (EI) from digital camera food
records and basal metabolic rate (BMR) plotted against the mean of the two
variables in overweight and obese children (n = 73). Girls are displayed as
and a solid regression line and boys are shown as o and a dashed regression
line.

Table 5. Intake of total sugars (all mono- and disaccharides) and sucrose in
children with and without a weekend day included in the food record.

No weekend day in Weekend day in
the food record the food record
n (%) n (%)
Total sugars, <20 E% 13 (36) 5(13)
Total sugars, 20-29 E% 19 (53) 21 (57)
Total sugars, 230 E% 4(11) 11 (30)
Total 36 (100) 37 (100)
Sucrose, <10 E% 22 (61) 11 (30)
Sucrose, 10-15 E% 13 (36) 11 (30)
Sucrose, 216 E% 1(3) 15 (40)
Total 36 (100) 37 (100)
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Study IV: Development, implementation and evaluation of a
smartphone application for dietary assessment in
adolescents

The implementation and evaluation of a smartphone dietary assessment
application was conducted among adolescents in Vistra Gotaland, Sweden,
in 2013. The study aimed to investigate the accuracy and user friendliness of
the smartphone application to assess dietary intake.

Methods

The smartphone application was developed with the aim of providing a user-
friendly alternative for adolescents to complete an FR. The method was
developed by the author and main supervisor in collaboration with an
engineering student in 2011/2012.

The users of the smartphone application register an account by entering
their name, date of birth, gender, weight, height, e-mail address, telephone
number, parents’ highest completed education level, country of origin of the
user and their parents, any special diet, a user name, and a password of one’s
own choice. Female users are asked whether they are pregnant or
breastfeeding. The entered information can later be changed in the
smartphone application. The entering of personal information in the
application could in some instances replace the collection of background
data through questionnaires or other data collection methods.

The smartphone FR assesses EI, the intake of nutrients and foods, portion
sizes, and food groups. The information recorded in the FR consists of all
foods and drinks consumed during the specific day. Dietary intake is
recorded after a meal together with information about the date, time, and
type of meal (breakfast, lunch, dinner, or snack). In the application, foods
are selected from a database and can be free-text searched or chosen from
hierarchical categories of food groups or types of dishes. The different search
functions are provided to make it easier for the user to find the consumed
food. Portion size is entered for each entered food item by selecting from
suitable units, e.g. tablespoon or piece. Several food items have portion size
pictures with increasing amounts and known weights to make it easier to
estimate the consumed amounts.

At the end of the registration day, users enter the following information
about their day that could aid in the interpretation of the recorded dietary
data:

e Intake of dietary supplements
e Physical activity level
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¢ How much of the dietary intake was recorded

e  Whether dietary intake and physical activity were representative or
if they ate more or less or were more or less physically active than
usual

o  Whether they had tried to gain or lose weight
o  Whether they had felt stressed or anxious during the day

When all of the information has been entered, it is saved and sent to a
central server where the data are stored and the EI and nutrient intakes are
calculated. Users can view their recorded foods in an archive in the
smartphone application, and they can add or delete foods and change
amounts. They can also view and change the information about their day
that was entered in the evening.

Through the archive, users can view feedback about their dietary intake
(Figure 5). Feedback is presented in the form of pie charts, staple diagrams,
and absolute intake numbers for EI, macronutrients, fruits and vegetables,
dietary fibre, calcium, iron, vitamin C, vitamin D, and folic acid in relation to
recommended intakes (33). They can also view information about their BMI
and TEE from recorded physical activity level. The PAL values used in the
smartphone application were adapted from Torun (68), and were different
for girls and boys. BMR was calculated according to Henry (69). The
feedback is provided to the user as an incentive to register their dietary
intake and enter the information in the evening in the smartphone
application, and can be viewed immediately after sending the data to the
server.

B 2013-02-20 Onsdag
Din energdordelning, Rekommenderad

Ml NGl I;‘ﬁl:‘f[_:ifﬂr-.‘lﬂl‘lirr,"_
naringsamnen:

> @

@ Registrera din dag

'ﬁi Dina sparade dagar

Figure 5. Screenshots showing (A) the main page of the smartphone
application, and (B) an example of the feedback for one assessment day.
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Optional features have been developed to make the smartphone application
more user friendly. One of these features is to receive reminders to record
the dietary intake in the form of status bar notifications at a time interval of
the user’s choice. Another feature is the ability to take photographs. The user
can photograph meals with the smartphone camera from the application,
and the photographs can be stored and viewed later as a memory aid if
dietary intake cannot be recorded at the time of consumption. The
photographs can also be compared with portion size pictures to aid in the
estimation of consumed amounts.

The smartphone application method includes the application, a web-server
for downloading the application and for communicating with a Structured
Query Language (SQL) server, and an SQL server for performing the
calculations and storing the data (Figure 6). Tables of foods, food groups,
dishes, energy and nutrient contents, and pictures and other alternatives for
portion size estimation that had been used in a Swedish dietary survey were
obtained from the National Food Agency. This ensure that the most complete
and updated Swedish food composition table is used and that the results are
comparable to those from the national dietary survey (10). The food
composition database version 2010-05-05 includes over 1900 foods and
dishes and was updated with recipes for common dishes prior to the national
survey. Data recorded by users are stored on the SQL server and viewed
using the FileMaker Pro 12 version 3 software package (FileMaker, Inc.,
Santa Clara, CA).

The application was developed for Android, mainly for practical reasons.
Choosing between the two leading operating systems of Android and iOS,
Android was chosen because it allows for the installation of applications
from websites not approved by the company. Not having to share the
application on Google play or App Store was an advantage in the study where
only data from adolescents recruited to the study would be collected.
Another possibility was to register the participants’ telephone numbers to let
them download the application without going through App Store. However,
this was not considered a feasible option for the smartphone application
evaluation study because the participants’ should be able to download the
application at the time that they were recruited to the study.

31



-
Android

smartphone M5 Server MS 501 Database
"Web Project”

.

3G or Wi-Fi

<

FileMaker

1. The user registers data in the smartphone application
2. Connection to the web project through 3G or Wi-Fi
3. The web project uses ASP.NET to contact the S0L database and returns 150N files to Android
4. Database with SQL [Structured Query Language)

5. FileMaker is used to access data from the SQL database

Figure 6. The transfer of information when using the smartphone
application method.

A pilot test was conducted prior to the main evaluation study in order to test
the methods and to practice the presentation and procedures of the study.
Adolescents were recruited from one year 9 class outside Gothenburg in
November 2012, and six adolescents—five girls and one boy—participated.
The participants went through the same procedures as in the main study,
and a group interview was conducted to find out what the participants
thought of the study and of the user friendliness of the smartphone
application. Some changes were made after the pilot test, including
adaptions to the smartphone application.

For the main study, adolescents living in the city of Gothenburg—in the
southwest part of Sweden—and in neighbouring municipalities were
recruited to an evaluation study of the smartphone application method in
2013. Recruitment was from students in year 9 continuously throughout the
year. Head teachers of 136 schools were contacted and asked to provide
contact information for teachers who could be asked to assign class time for
a presentation of the study and for recruitment of participants. Teachers
were contacted with information about the aim and procedures of the study.
In total, teachers in 12 schools and 28 school classes agreed to the
presentation and recruitment to the study. Of the 12 schools, 5 were
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independent schools. The 12 schools were representative of the
municipalities at large regarding the proportions of adolescents with foreign
background (the adolescent and/or both parents having been born outside
Sweden) and of having at least one parent with higher education beyond
upper secondary school (70).

The author and an assistant visited the classes and presented the study. After
the presentations, the study participants were measured for weight and
height and filled in a questionnaire. They were provided with the application
on their own smartphone or on a borrowed phone that came with a charger
and a data traffic subscription. They were also provided with an SWA to wear
on the same days that they completed the FR along with written instructions
about the study and how to use the FR. The SWA was used as the reference
method to be able to evaluate the EI from the smartphone application
against the objectively measured TEE. Adolescents participating during the
spring term were also provided with a portion size booklet, a notebook, login
details and information on how to use a web-based FR method. The web-
based method was the same as the one developed by the National Food
Agency and used in the Swedish national dietary survey (10), which made it
possible to evaluate the intake of nutrients and foods recorded in the
smartphone application FR. Participants were asked to complete the
smartphone application method on three consecutive days while wearing the
SWA. Adolescents participating during the spring term also used the web-
based FR on three days the week before or after using the smartphone
application FR, while wearing the SWA. The days of the week were the same
for both FRs and were decided beforehand and scheduled to cover weekdays
as well as weekends. However, it was found that recording dietary intake
with two different methods for a total of six days was too burdensome for the
participants. Therefore, the web-based method was only used during the
spring term.

The questionnaire used in the study included the following instruments and
questions: the full Three Factor Eating Questionnaire (revised 18-item) (71),
the Figure Rating Scale (72), five selected items from the brief Fear of
Negative Evaluation Scale (73), seven selected items from the Marlow and
Crown Social Desirability Scale (74), fifteen selected items measuring
conscientiousness from the International Personality Item Pool (75), one
question each about the frequency of breakfast consumption, the frequency
of eating in the school canteen, whether participants thought what they eat is
important, and whether they perceived the study to be comprehensible,
manageable, and meaningful. The instruments and questions were selected
because they have been found to influence reporting accuracy in previous
research (4, 76) or were thought to possibly influence reporting accuracy.
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According to sample size analysis [N = 2 x (2.8 x SD/Difference)2], 50 girls
and 64 boys were needed to find an 837 kJ (200 kcal) difference between EI
from the smartphone application FR and TEE from the SWA at an alpha of
0.05 and a power of 80%. The SD was obtained from a previous study of 15-
year-old girls and boys in Gothenburg (777). In total, 85 girls and 63 boys
were recruited to the smartphone application evaluation study. Of these, 50
girls and 31 boys provided data for EI and TEE that could be used in the
analysis. The initial plan was to collect data to evaluate the smartphone
application during the course of one school term. However, because of a low
participation rate and a low rate of completion of the methods, it was
decided to continue the data collection for another term to obtain a higher
number of adolescents who had completed the methods. Many participants
had iPhones and, therefore, needed to borrow an Android smartphone,
which was provided to those participating in the study. Of the 81 participants
included in the main analysis, 72 borrowed a smartphone and 9 used their
own.

Data analysis was performed in IBM SPSS Statistics version 21, and P-values
< 0.01 were considered significant due to the high number of statistical tests.
A cut-off of 19 hours was used for SWA data, and FRs with EI at or above
500 kcal were included in the analysis. The 81 participants with data for both
EI and TEE had records for a total of 222 days. Of these, 66 had complete
questionnaire data. The 15 participants without complete questionnaire data
had one or a few items missing each that were imputed. The results did not
differ between the 66 participants with complete questionnaire data and the
81 participants including the 15 with imputed data. In total, 61 had data on
sugar intake for comparison between weekdays (Monday-Thursday) with
Fridays and/or weekends. Of the participants that answered the questions in
the evening, 69 also had TEE data from the SWA. Fifteen participants used
both the smartphone FR and the web-based method to record their dietary
intake.

Differences in characteristics, EI, and TEE based on gender and weight
status were analysed using the Mann—Whitney U-test. The Wilcoxon signed-
rank sum test was used to analyse differences between EI and TEEswa,
between TEEap, and TEEswa, and between EI, nutrients, and food groups
assessed with the two FR methods. Spearman correlations were calculated
for EI and TEEswa, TEEap, and TEEswa, and for EI, nutrients, and food
groups from the two FR methods. The Bland-Altman method was used to
determine the level of agreement between the two methods. The data are
displayed for all participants and by gender and weight status
(thinness/normal-weight, overweight/obese) (78). Thinness was combined
with normal-weight and overweight was combined with obesity due to the
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small numbers of participants with thinness or obesity. Questionnaire
variables, gender, BMI-z (778), school, parental education level (highest of
both parents categorized as low, medium, or high), the origin of the
participant and their parents (participant and/or their parents born in or
outside Sweden), and the inclusion of a weekend day in the FR were tested
one by one and stepwise in linear regression models for their association
with [(EI - TEEswa) / TEEswa). Indices were created for the questionnaire
instruments. The responses to the Figure Rating Scale were categorized as no
discrepancy between current and ideal body size, preferring to be smaller, or
preferring to be larger. The variable of frequency of having breakfast was
categorized as seven times/week or fewer than seven times/week, and school
canteen attendance was categorized as five times/week or fewer than five
times/week. Variables regarding whether the study participants thought
what they were eating was important and whether they found the study
comprehensible, manageable, and meaningful were categorized as yes or
somewhat/no. For the thesis, differences in sugar intake (total mono- and
disaccharides in grams/day and as E% and sucrose in grams/day and as E%)
between the days of week were analysed with the Wilcoxon signed-rank sum
test for weekdays (Monday—Thursday) vs. weekends, weekdays vs. Fridays,
and Fridays vs. weekends.

Ethical approval was obtained from the Regional Ethical Review Board in
Umead, Sweden.

Results

The characteristics of the participants, the questionnaire responses, and the
EI and TEE are presented in Tables 1, 2, and 3, respectively, in Paper IV. The
proportion of adolescents included in the analysis with at least one parent
with college/university education was 49% (Table 1, Paper IV), which is less
than the 63% who had at least one parent with higher education than upper
secondary school among all adolescents in the municipalities. The
proportion of adolescents born outside Sweden and/or with both parents
born outside Sweden was 19% among those included in the analysis
compared with 15% among all adolescents in the municipalities. EI was
underestimated by 29% compared to the TEE calculated from the SWA data
(P < 0.001) (Table 3, Paper IV). There was no significant correlation between
EI and TEE.

The mean differences and limits of agreement (+1.96 SD) between the EI
assessed with the smartphone application and the web-based method and
between the TEE from the SWA and the smartphone application by gender
and weight status are presented in Table 6.
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Differences between EI and BMR are shown in Figure 7. In total, 13 boys and
16 girls had an assessed EI that was less than the calculated BMR. The mean
assessed EI was 666 kJ above the calculated BMR.

Inclusion of a weekend day in the FR increased the reporting accuracy of EI
relative to TEE (P = 0.007). The reporting accuracy relative to TEE
decreased with increased BMI-z (P = 0.003) (Table 4, Paper IV).

TEE was overestimated with the smartphone application compared to the
SWA (P < 0.001), but not in boys. Correlations between TEE from the
smartphone application and the SWA were significant overall in both girls
and boys (P < 0.001) (Table 3, Paper IV). The correlation could be explained
by the participants’ weight, which to a great extent influences an individual’s
energy expenditure. However, when comparing PAL assessed with the
smartphone application, which is not influenced by body weight, with TEE
and with the average metabolic equivalent of task (METs) from the SWA,
significant correlations still existed. Subgroup analysis showed that the
correlation between PAL and average METs was significant only among boys
(0.54, P= 0.003).

EI and the intakes of nutrients and food groups assessed with the
smartphone application and the web-based method are presented in Tables
8 and 9, respectively. EI, nutrients, and food groups were not significantly
different between the methods, and monosaccharides, iron and vitamin E
were significantly correlated. Two of the 34 food groups were significantly
correlated: nuts and savory snacks, and sugar, syrup, honey and artificial
sweeteners.

The median intake of total mono- and disaccharides was 83 +63 grams/day,
or 21 E% (n = 81). For sucrose, the median intake was 36 +53 grams/day, or
8 E%. Of the 37 participants with data for both weekdays and weekends, the
intake of sucrose was 9 E% on weekdays compared to 13 E% on weekends (P
= 0.02). There was no significant difference between weekdays and
weekends for total mono- and disaccharides. No significant differences in
intakes of sucrose or total mono- and disaccharides were found between
weekdays and Fridays (n = 23) or between Fridays and weekends (n = 27). EI
did not differ between weekdays, Fridays and weekends (results not shown).
Descriptive statistics of the proportion of the 81 adolescents with low,
medium, and high E% for total sugars and sucrose on different days of the
week are presented in Table 7. Cut-offs were chosen after examining the
data.
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Table 6. Results of Bland-Altman analyses of energy intake assessed with a
smartphone application (Elpp) and total energy expenditure measured with
a SenseWear Armband (TEEswa), and of total energy expenditure assessed
with a smartphone application (TEEapp) and TEEswa, and of El.pp and energy

intake assessed with a web-based method (Elweb).

Bland-Altman method

Mean difference, kJ
[95% CI"]

Limits of agreement, kJ

All (n =81)
Elapp - TEEswa
TEEapp - TEEswa?
Elapp - Elwen?

-2588 [-3231, -1945]
1439 [1099, 1779]
-399 [-1361, 563]

Girls (n = 50)
Elapp - TEEswa
TEEapp - TEEswa®

-2447 [-3044, -1851]
2045 [1723, 2367]

Boys (n =31)
Elapp - TEEswa
TEEapp - TEEswa®

-2814 [-4248, -1380]
552 [-13, 1117]

Thinness/normal-weight
(n=69)

Elapp - TEEswa

TEEapp - TEEswa®

-2282 [-2949, -1615]
1499 [1169, 1829]

Overweight/obese

(n=12)

Elapp - TEEswa -4343 [-6346, -2340]
TEEapp - TEEswal 1155 [-175, 2484]

-8611, 3114
-1332, 4210
-3804, 3005

-6561, 1667
48, 4042

-10478, 4850
-2304, 3408

-7724, 3160
-939, 3937

-10523, 1837
-2947, 5257

1Confidence interval from the one-sample t-test.
2n = 15.

3n in the analysis of TEEap and TEEswa: All, n = 69; girls, n = 41; boys, n = 28;

thinness/normal-weight, n = 57; overweight/obese, n = 12.
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Figure 7. Difference between energy intake (EI) from the smartphone
application food record and basal metabolic rate (BMR) against the mean of
the two variables in adolescents (n = 81). Girls are displayed as e and a solid
regression line, and boys are shown as o and a dashed regression line.

Table 7. Intake of total sugars (all mono- and disaccharides) and sucrose in
adolescents on different days of the week.

Monday-Thursday Friday Weekend
n (%) n (%) n (%)

Total sugars, <20 E% 25 (42) 22 (55) 26 (47)
Total sugars, 20-29 E% 31(52) 10 (25) 17 (31)
Total sugars, 230 E% 4 (6) 8 (20) 12 (22)
Total 60 (100) 40 (100) 55 (100)
Sucrose, <10 E% 40 (67) 20 (50) 23 (42)
Sucrose, 10-15 E% 12 (20) 12 (30) 16 (29)
Sucrose, 216 E% 8 (13) 8 (20) 16 (29)
Total 60 (100) 40 (100) 55 (100)
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Table 8. Energy intake (EI) and nutrients assessed with a smartphone
application and web-based method (n = 15). The data are presented as the
median and interquartile range (IQR) and their associated correlation

coefficients.
Smartphone Web-based
application method
Median IQR Median IQR pvalyer  SPearman’srho
(P-value)

Energy, kcal 1436 973 1649 616 0.36 0.53 (0.04)
Energy, kJ 6011 4072 6899 2579 0.36 0.53 (0.04)
Nutrients
Fat, g 63 32 55 29 0.65 0.54 (0.04)
Protein, g 58 23 61 38 0.05 0.29 (0.30)
Carbohydrates, g 154 131 204.1 68.6 0.21 0.47 (0.08)

Fibre 11 8 14.0 6.6 0.11 0.60 (0.02)

Mono-saccharides 28 20 24.7 17.6 0.43 0.67 (0.007)

Disaccharides 49 75 56.2 37.8 0.82 0.41 (0.13)

Sucrose 27 57 33.7 34.1 0.87 0.27 (0.33)
Vitamin A, RE? 580 460 442 299 0.19 0.55 (0.04)
Vitamin C, mg 66 42 68 74 0.78 -0.35(0.21)
Vitamin D, pg 3 4 4 3 0.23 0.31(0.25)
Vitamin E, mg 6 5 8 5 0.06 0.75 (0.001)
Vitamin Bs, mg 1 1 1 2 0.53 0.44 (0.10)
Vitamin B1, pg 3 2 3 3 0.43 0.41(0.13)
Folate, pg 153 74 177 82 0.46 0.59 (0.02)
Niacin, NE3 22 10 26 28 0.10 0.34 (0.22)
Thiamine, mg 0.5 1.0 0.8 1.2 0.97 0.35(0.21)
Riboflavin, mg 1.1 0.9 0.7 1.2 0.82 0.17 (0.55)
Calcium, mg 585 392 691 337 0.39 0.45 (0.10)
Iron, mg 7 4 7 1 1.00 0.66 (0.008)
Magnesium, mg 177 112 234 78 0.11 0.32(0.25)
Phosphorus, mg 945 612 985 359 0.11 0.34 (0.22)
Potassium, mg 1873 959 2084 1134 0.69 0.33(0.23)
Selenium, ug 27 15 29 20 0.08 0.46 (0.08)
Sodium, mg 2636 1427 2450 1123 0.78 0.22 (0.44)
Zinc, mg 8 4 8 4 0.82 0.38 (0.16)

1P-value derived from the Wilcoxon signed-rank test for the difference in intakes between the

two methods.
2Retinol equivalents.
3Niacin equivalents.
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Table 9. Food groups assessed with a smartphone application and web-
based method (n = 15). The data are presented as the median and
interquartile range (IQR) and their associated correlation coefficients.

Smar‘tph?ne Web-based method
application
Median IQR Median IQR P-value' Spe(a;-r‘rll:lr;:)rho

Vegetables, pulses, and 47 205 47 84 0.82 0.38 (0.16)
roots
Fruits and berries 49 99 33 58 0.12 0.50 (0.06)
Potatoes 37 63 88 118 0.17 -0.23 (0.40)
Bread 66 57 69 29 0.53 0.41(0.13)
Rice and grains 0.7 35 0 12 0.26 -0.18 (0.52)
Pasta 0 28 42 87 0.03 -0.13 (0.65)
Porridge and gruel 0 0 0 0 1.0 -0.11 (0.71)
Breakfast cereals 8 15 2 9 0.29 0.53 (0.04)
Meat 42 46 57 50 0.88 0.36 (0.18)
Poultry 0 30 15 65 0.28 -0.47 (0.07)
Sausages 7 26 0 17 0.21 -0.21 (0.44)
Fish and shellfish 0 25 17 30 0.56 0.26 (0.35)
Eggs 3 5 0.8 10 0.86 -0.11 (0.70)
Milk, fermented milk, and 250 286 275 290 0.65 0.55 (0.03)
yoghurt
Cream and sour cream 0 18 0 0 0.16 0.12 (0.68)
Cheese 14 26 9 25 0.78 0.49 (0.06)
Spreads, butter, and oil 16 15 8 15 0.28 0.26 (0.34)
Coffee 0 0 0 0 0.66 -0.07 (0.80)
Tea 0 0 0 7 0.34 0.21 (0.46)
Juice 133 200 0 100 0.01 0.48 (0.07)
Soft drinks, sport drinks, and 67 333 125 233 0.84 0.64 (0.01)
energy drinks
Beer, wine, and spirits 0 0 0 0 0.66 0.63 (0.01)
Jam, marmalade, and apple 0 13 0 32 0.95 0.27 (0.33)
sauce
Nuts and savoury snacks 0 6 0 2 0.46 0.65 (0.008)
Ice cream 0 0 0 8 0.79 0.20 (0.47)
Candy 7 39 8 45 0.92 0.39 (0.15)
Buns, biscuits, and cakes 0 37 7 25 0.88 0.28 (0.32)
Sweet soups and desserts 0 0 0 0 1.0 0.42 (0.12)
Sugar, syrup, honey, and 0 0 0 0.4 0.47 0.86 (<0.001)
artificial sweeteners
Pizza, pie, and pierogi 0 100 0 65 0.60 0.48 (0.07)
Pancakes, waffles, and 0 50 0 42 0.97 -0.23 (0.42)
crepes
Soup 0 0 0 0 0.11 =3
Sauces 19 67 34 100 0.58 0.37 (0.18)
Nutritional supplements? 0 0 0 0 0.32 -3

1P-value derived from the Wilcoxon signed-rank test for the difference in intakes between the
two methods.

2Includes protein drinks and bars, recovery drinks, and meal replacement products but not
vitamin and mineral supplements.

3The intake with one method was zero for all participants.
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Discussion

Main findings

This thesis aimed to evaluate the accuracy of dietary assessment methods
using new approaches and technologies, among children, adolescents, and
young women, and to investigate factors that might influence reporting
accuracy. Another aim was to investigate children and adolescents’ sugar
intake on weekdays and weekends. The SDQ was not valid for assessing EI,
but it did capture equal or higher amounts of EI and nutrient and food
intakes in young pregnant and non-pregnant women of different weight
status compared with a more extensive questionnaire that is used in
epidemiologic studies. FRs aided by digital cameras and smartphones
showed similar accuracy as traditional FRs in children and adolescents.
Sugar intake was high in children and adolescents, and higher on weekends
compared to weekdays, although EI did not differ between weekdays and
weekends. In accordance with previous research, a higher underestimation
of EI with higher BMI or in overweight/obese compared to normal-weight
participants was also found in the present studies among children,
adolescents, and young non-pregnant women. Furthermore, children and
adolescents reported a more accurate EI on weekends compared with
weekdays, although the EI was still underestimated on weekends, and this is
a finding that warrants further investigation.

Implications for dietary assessment in women

Misreporting of EI in dietary assessments is common in both men and
women. Whether women underestimate their dietary intake to a higher
extent than men has been investigated in several studies that show differing
results, but taken together the evidence points to no general difference
according to gender (79-82). However, women have been shown to
underestimate EI when using an FFQ when compared with the DLW
method, e.g. by 34%-38% in the USA (81), by 24% in Brazil (83), and by 22%
in Germany (84). In another study comparing EI assessed with an FFQ with
TEE measured with the DLW method in Norwegian women, the 10%
underestimation was not statistically significant (85). Results of the LifeGene
pre-pilot study showed that EI assessed with the SDQ was underestimated
by 22% in non-pregnant normal-weight women and by 43% in non-pregnant
overweight and obese women. The higher degree of underestimation of EI
among overweight compared to normal-weight participants is in line with
results of previous studies evaluating an FFQ (86, 87).

The magnitude of misreporting among women has been shown to be greater
when using an FFQ compared with repeated 24-hour recalls in studies using
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DLW as the reference method (83, 88). However, one study showed higher
EI assessed with an FFQ compared with repeated 24-hour recalls in women
and men analysed together (89). Furthermore, an FFQ was shown to give
higher estimates of EI when relatively validated compared with FRs, e.g. the
EI assessed with the FFQ was 1.16 times the EI assessed with an FR in adult
men and women in Greece (90), 1.17 times the EI assessed with an FR in
Australian men and women (91), and 1.42 times the EI assessed with an FR
in Finnish women (92). Similar to the diet history interview, an FFQ requires
a retrospective abstraction of the dietary intake. This can be more difficult
than responding to a 24-hour recall or keeping an FR, although the 24-hour
recall also relies on memory and the FRs have other disadvantages such as
being burdensome. This, and the fact that all foods cannot be included,
makes FFQs less useful for assessing the precise individual intake.

FFQs are often used in epidemiological studies in cases where ranking
individuals according to intake is the goal. In the LifeGene pre-pilot study,
the SDQ was able to rank the overweight/obese women according to EI, but
not the normal-weight women. The more extensive FFQ was unable to rank
either the normal-weight or overweight/obese women according to EI. In a
study with DLW as the reference method, an FFQ could rank participants
according to EI (84), but in another DLW study the FFQ was not able to rank
participants’ EI (85). These results show that dietary data from FFQs must
be used with caution and must be validated before use in epidemiologic
research.

In this thesis, the amounts of nutrients and foods assessed with the SDQ
were often higher than those obtained using the 66-item FFQ. Intakes of
nutrients and foods were significantly correlated between the SDQ and the
FFQ, and between 26% and 64% of the women were classified in the same
quartile for nutrients and foods with the two methods. Because no reference
method with uncorrelated errors was used, it was not possible to evaluate the
ranking ability or the ability of the SDQ and FFQ to assess the precise intakes
of nutrients and foods.

The SDQ was designed with the aim of being short and easy to complete. It
has previously been shown that longer FFQs have higher correlations for
nutrients than shorter FFQs (93, 94), and this is to be expected because
FFQs with more items will be more likely to capture a majority of an
individual’s dietary intake than an FFQ including only the most commonly
consumed foods. However, using a very long FFQ can result in
overestimation of intakes (95) or careless completion of the FFQ. Because it
is impossible to include every food item, there must be a trade-off between
the number of items and the burden on the respondent. By careful design, an
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FFQ can be improved in terms of response rate and quality of data without
being too extensive (96). In the LifeGene pre-pilot study, the SDQ generally
gave higher estimates of EI, nutrients, and foods compared with the 66-item
FFQ. This was in line with a study showing that a longer FFQ did not result
in a more accurate estimation of EI (81). Intakes of snacks and high-fat milk
products were lower when assessed with the SDQ compared with the FFQ
but were not significantly correlated between the methods. This indicates
that the SDQ could be improved regarding these food groups. Future
validation studies of the SDQ should include nutrient biomarkers or a
reference dietary assessment method with independent errors for relative
comparisons in order to evaluate its ability to assess nutrient and food
intake.

Health, reproduction, and pregnancy outcomes in women of reproductive
age who intend to have children are dependent on a well-balanced diet.
Dietary assessment methods that can be used in this group and among
pregnant women are, therefore, important. The FFQs used among pregnant
women have been relatively validated against other dietary assessment
methods such as FRs and 24-hour recalls (97-100). Studies using objective
measures of TEE for comparison with assessed EI are less common (101),
and the DLW method has to our knowledge not been used previously for
validation in this group. In the LifeGene pre-pilot study, EI assessed with the
SDQ was underestimated by 21% in the pregnant normal-weight women and
was not able to rank them according to EI. The median assessed EI in
relation to TEE was similar in the pregnant and non-pregnant normal-
weight women. However, the median assessed EI was 384 kJ higher in
pregnant compared with non-pregnant women, and the median TEE was
832 kJ higher. The extra energy required in the second trimester of
pregnancy has been estimated to be 1200 kJ/day (99), thus the SDQ was not
able to detect the entire difference in energy requirements, only a portion of
it.

The SDQ did not capture enough of the EI in young women and did not have
a good enough ranking ability to be considered a valid method to assess the
habitual dietary intake of the individuals, but in the non-pregnant women it
was not less valid than a more extensive and traditionally designed FFQ
previously used in epidemiologic research (54). The design of the SDQ and
its ability to capture a majority of the EI in young women makes it useful as a
rapid screening tool when the aim is to assess most of the dietary intake but
an exact measure of the individual’s total dietary intake is not necessary. A
potential application is in field studies where a paper-based and quick
method is preferred. For this objective, the SDQ can be further developed
and adapted to suit the study aim and population of interest. For example,
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the design of the SDQ can be a starting point and foods and portion sizes can
be adapted to the study population and more food groups can be added.
Increasing the number of items in the SDQ can help to clarify if its design
(with open questions about amounts) is superior to an FFQ with a traditional
design that often includes more items.

Low ranking ability is a serious problem with the use of FFQs among young
women in epidemiological studies. Studies have claimed that the evaluated
FFQs are valid based on comparisons with other dietary assessment methods
(90), but because errors are often correlated between methods this might not
be the case. Validation with biomarkers have shown that the intakes of some
nutrients as assessed with FFQs are sufficiently correlated, but others are not
(102, 103). Future studies need to choose dietary assessment methods that
have been shown to be valid specifically for the nutrient or nutrients of
interest. In some cases it might be necessary to use several different methods
to determine the intake and the degree of error in the assessment. The
method of triads is sometimes used to obtain more accurate results than
those obtained from using only one or two methods (104, 105). Steele
suggests combining assessment methods on several levels, such as including
household food purchases for dietary assessment on the individual level, to
obtain more comprehensive and thereby more accurate data. Even though
many FFQs have several shortcomings, FFQs might still have advantages
compared with other non-objective assessment methods in addition to their
ease of distribution. For example, it has been shown that an FFQ was able to
detect some of the extra energy required in obese compared to normal-
weight women but the 24-hour recall was not (88). Perhaps overweight
and/or weight-conscious women are less prone at underreporting intakes
with FFQs because reporting habitual intakes is different from accounting
for what was consumed during a specific day.

Implications for dietary assessment in children and
adolescents

The evaluation of the digital camera FR among 8-12-year-old
overweight/obese children participating in the SELFH study showed that the
accuracy of the reported EI was reproducible over the 2-year study period
but was underestimated by 24% on the first assessment occasion compared
with TEE calculated from the SWA data. The study evaluating the
smartphone application among adolescents showed that EI was
underestimated by 29% compared with TEE from the SWA. In both studies,
the underestimation of EI increased with TEE, and it increased with BMI-z
when TEE was taken into account. Furthermore, both studies showed that
having a weekend day in the FR was associated with less underestimation of
EI, although underestimation still occured. When taking TEE into account in
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the SELFH study, girls underestimated EI more than boys and the
underestimation increased with age. Gender did not affect reporting
accuracy among the adolescents participating in the smartphone application
evaluation study, nor did any of the investigated variables that previously
have been found to influence reporting accuracy, e.g. skipping breakfast, less
frequent school canteen attendance, or a wish to weigh less (76). A daily
question about the physical activity during the day in the smartphone
application overestimated TEE among girls but not among boys.
Furthermore, the daily physical activity question was able to rank
participants according to TEE and to rank the boys according to PAL. A sub-
sample of the adolescents who additionally used a web-based method
reported similar EI, similar amounts of most nutrients, and similar amounts
of foods with the two methods. In addition, monosaccharides, vitamin E,
iron and two food groups were significantly correlated when assessed with
the two methods.

Previous research among children and adolescents showed underestimation
of EI assessed with FRs of between 12% and 21% in normal-weight children
(106-109), and between 25% and 41% in overweight and obese children (106,
107, 110). The cited studies used “traditional” pencil and paper FRs and DLW
as the reference method. A review concluded that underestimation of EI
among children and adolescents is higher when using FRs compared with
other dietary assessment methods (28). Maintaining an FR can be
burdensome for the participant, and this can lead to both under-eating in
order to avoid recording and can lead to some consumed foods not being
recorded. School-aged children and adolescents might find it extra tiresome
to record food intake because they often consume meals away from home.
Furthermore, adolescents might have more irregular eating patterns than
children and adults and might be less interested in participating in dietary
studies. Children from 8 years of age are most often able to record their
dietary intake themselves, but assistance from parents might make it easier
for them to complete an FR. Among adolescents, parents might be less in
control and not as able to influence whether the adolescent completes the
dietary assessment. FRs using technology does not differ from pencil and
paper FRs in the inherent steps in the method (i.e. remembering and taking
the time to record the food, finding out what type of food was consumed, and
estimating the consumed amounts). Therefore, there might be no reason to
believe that digital camera or smartphone application FRs give more valid
data compared with traditional FRs. However, using technology might make
the recording more interesting for children and adolescents and thereby
improve adherence to studies and to the recording of dietary intake.
Developing new versions of traditional methods is a way to keep dietary
assessment methods up to date and make the methods more in tune with the
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daily lives of young people. Up to now, no dietary assessment methods using
smartphone applications have been validated when it comes to the ability to
assess the habitual dietary intake among children and adolescents. However,
methods using technology to keep FRs have been, or are being, developed.
For example, smartphone applications for dietary assessment that uses
automatic image analysis of food pictures in order to make it easier to keep
an FR are being developed in the USA (14-16). The use of this type of
technology might be a way to avoid the burden of manually recording foods
and portion sizes and thus to improve the quality of the collected dietary
data and to enhance study participation. However, some challenges
regarding the identification of foods and food contents as well as correct
portion size estimation still need to be solved. In the UK, a smartphone
application developed to support weight loss estimated the dietary intake
reasonably well compared with 24-hour recalls in adults (13). In Japan, an
FR used with a PDA was developed and evaluated in adults and showed
underestimation of the dietary intake (12).

Similar to what has been found for adults, overweight and obese children
and adolescents tend to underestimate EI to a higher extent than their
normal-weight counterparts (27). Children in the SELFH study using the
digital camera FR had a lower underestimation of EI compared with the
adolescents using the smartphone application FR, and this was despite the
fact that all of the children in the SELFH study were overweight/obese, while
the majority of the adolescents using the smartphone application FR were
normal-weight. The higher underestimation among adolescents could
possibly be explained by them being older than the children in the SELFH
study. Underestimation increased with age in the 8-12-year-old children,
and such an increase in this age group has been shown previously (20, 28).
No such difference was detected in the adolescents, who were all of
approximately the same age (around 15 years). In the analysis of dietary
data, TEE should be controlled for because it can have an effect on reporting
accuracy (108). Gender influenced reporting accuracy in the SELFH study
after taking TEE into account, but there was no difference in reporting
accuracy for girls and boys using the smartphone application FR. Previous
research has shown no consistent difference in the underestimation of EI
between girls and boys (28, 76). In the study evaluating the smartphone
application FR, a questionnaire was included with questions about
individual factors that have previously been shown to affect reporting
accuracy among children and/or adults. None of the included variables had a
significant effect on reporting accuracy. The strongest factor influencing
reporting accuracy apart from BMI was having a weekend day in the FR.
This was also an important factor in the SELFH study. A reason for the
higher reporting accuracy on weekends could be the fact that children and
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adolescents are less busy with other activities on weekends compared with
school days and that this allows them more time to focus on the FR. Another
possible reason could be that they consume more meals at home on
weekends and, therefore, have more knowledge about how the foods were
prepared and can more easily report their dietary intake.

The digital camera FR used in the SELFH study was reproducible, which is
defined here as having similar validity over the assessment occasions. This
definition of reproducibility was used because it can be assumed that food
intake would change over a 2-year study period and that the EI of the
children would increase as they grow older.

The smartphone application FR assessed as much of the adolescents’ El,
nutrient intake, and food intake as the web-based FR method. However, the
sample completing both methods was very small (n = 15), and the ability of
the smartphone application to assess nutrient and food intake should
preferably be evaluated against repeated 24-hour recalls or biomarkers.

It was possible to rank adolescents’ TEE using one question about physical
activity during the day when compared with TEE from the SWA. The same
result was obtained when comparing TEE from the SWA with the
participants’ weight instead of TEE from the daily question about physical
activity in the smartphone application. Furthermore, the smartphone
application was able to rank PAL among the boys. It has previously been
shown that two questions could accurately measure PAL in adult women
over a 2-week period compared with DLW (111, 112). Another DLW study on
six women and three men showed that it was possible to measure PAL and
TEE by using two questions about physical activity during the last three
months (113). By using one or two questions about the daily physical activity,
it might be possible to relatively validate EI from dietary assessment
methods against estimated TEE without extra equipment, e.g.
accelerometers, although using weight or BMR seems to work equally well.
In the smartphone application, PAL values for girls should be adjusted
because TEE was overestimated on the group level.

Dietary assessment methods for use among children and adolescents need to
be further developed. A review has shown that diet history interviews are the
most accurate method for assessing dietary intake among adolescents (114),
and this is probably because this is a less demanding method than the FR.
However, when the aim is to assess the detailed dietary intake, an FR that
makes it simple for participants to record food intake and consumed
amounts should be available. Illner et al. conclude in a review study that the
problem of misreporting in dietary assessments will not be solved by
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technology so long as the underlying methodology remains the same (2).
Results from the present thesis support this assumption. To improve reports
of dietary intake with FRs among children and adolescents, the method used
needs to be fundamentally different from traditional methods. Automated
image analysis of food photographs with smartphones might be a way to go.
Steele identified mobile applications and improved computer visualization
techniques to analyse food images as two of the most promising research
directions in the field of dietary assessment (115). Even if this method is
developed participants will still need to remember to photograph the
consumed foods. Furthermore, they might need to learn to use a back-up
method in case of technical problems (16). Participant-specific misreporting
due to individual factors will also still be an issue. As seen among young
women, factors influencing reporting accuracy need to be taken into account
in dietary studies among children and adolescents and need to be further
investigated. New and innovative dietary assessment methods should be
evaluated compared with DLW and biomarkers of nutrient intake. Study
participants should be trained in using the method before the study, and the
use of incentives might increase participation rates.

Suggestions to improve and further develop the smartphone application
include:

e Further development of alternatives included in the food database to
make it easier to search and find consumed foods.

o Some food groups, e.g. bread and cheese, need fewer
alternatives to choose between.

o Some foods should be added, e.g. foods not belonging to a
traditional Swedish diet.

o More recipes should be included for commonly consumed
dishes, e.g. tacos, which are burdensome to record one
ingredient at a time.

o The search function should be improved, e.g. by making more
commonly consumed foods appear at the top of the list.

e Portion size estimation should be further improved, e.g. by enabling
sending photographs of consumed foods to the researcher who can
then estimate and double-check the recorded amounts.

e rstudy</IDText><Disps for automated analysis of food
photographs, this should be incorporated in the smartphone
application.

e PAL values were set too high for girls and should be adjusted.

e If the smartphone application is to be used in intervention studies,
the feedback function should be improved or omitted for this
purpose.
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e The design of the smartphone application should be made more
attractive for adolescents.

e The smartphone application should be developed for other operating
systems such as iOS.

Sugar intake in children and adolescents

Intake of sugar in the IDEFICS, SELFH and smartphone application studies
was assessed as total sugar intake (all mono- and disaccharides), sucrose
intake, and/or foods and drinks rich in added sugar. Among the 2—9-year-
old children in the IDEFICS study, the assessed intake of total sugars was 97
grams/day in the year 2007/2008. The assessed intake of total sugars
among the 8—12-year-old overweight and obese children in the SELFH study
was higher in 2006 compared with the adolescents in the smartphone
application study in 2013 at 120 grams/day vs. 83 grams/day, respectively.
Differences in sugar intake between the studies could be a result of
differences in EI due to differences in age, weight status, or misreporting.
Expressed as E%, the intake of total sugars was 26 E% in the IDEFICS study
(22 E% among the Swedish IDEFICS children), 24 E% in the SELFH study,
and 21 E% in the smartphone application evaluation study.

Because the nutrition calculation databases used did not have information
about added sugar content in foods, it was not possible to evaluate the
intakes in comparison with the maximum level of intake recommended by
the WHO (3) and the NNR (33). The intake of sucrose can be assumed to be
more similar to the intake of added sugar (although underestimated) than
the intake of total sugars. In the SELFH study and the smartphone
application evaluation study, intakes of sucrose (including naturally
occurring sucrose) were 10 E% and 8 E%, respectively, i.e. the amount of
sucrose reached or almost reached the maximal intake level of no more than
10 E% added sugars. The assessed intake was less than that of 4-year-olds
and children in years 2 and 5 who participated in a Swedish national dietary
survey and whose intakes of sucrose were 12 E% to 14 E% (36). In the
IDEFICS study, where data for sucrose intake were not available for all
participating countries, the analysis was performed for intake of foods and
drinks rich in added sugar in grams; however, these data cannot be
compared with WHO recommendations or the NNR.

In the IDEFICS study, intakes of total sugars and foods and drinks rich in
added sugar were higher on weekends compared with weekdays. Friday
intakes were a mix between intakes on weekdays and weekends. The intake
of total sugars on Fridays was more similar to that on weekends, and the
intake of foods and drinks rich in added sugar was more similar to the intake
on weekdays. The results differed by country. In the Swedish IDEFICS
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sample, the intake of total sugars on Fridays and weekends was higher
compared with Mondays—Thursdays, but there was no difference in the
intake of foods and drinks rich in added sugar. The explanation for this is
that the Swedish children consumed more sweets and sugar-sweetened
beverages on weekends, and these have a higher density of sugar compared
with sweetened dairy products that were consumed more on weekdays. In
the SELFH and the smartphone application studies, the intake of sucrose
was higher on weekends compared with weekdays, but there was no
difference for the intake of total sugars. EI did not differ between weekdays
and weekends in any of the studies, and this suggests that the higher sugar
intake on weekends was at the expense of the intake of starch, fat, and
protein.

National surveys of children’s dietary intakes tend to show sugar intakes
exceeding recommendations (36, 37, 116). A review of dietary surveys among
children in European countries published in 2004 found the highest intakes
of sucrose (18 E%) among children in Austria and Finland (117). The review
also found that intakes of total sugars and sucrose were lowest in Southern
European countries and that the intake declines with age. Previous studies of
Swedish pre-school children residing in Stockholm (39) and Gothenburg
(42) have shown high sucrose intakes. In the study conducted in Stockholm,
intake was 16 E% on weekends (39). Higher sugar intake on weekends has
also been found among 3-year-old Finnish children (118) and on Fridays and
weekends among Norwegian children aged 4 years and Norwegian children
in years 4 and 8 (119). A study among Danish children aged 4—14 years that
included data on added sugar was able to show that the intake was higher on
Fridays and weekends compared with Mondays—Thursdays and that Friday
and weekend intakes exceeded recommendations (40). In contrast, the
intake of sucrose among children in New Zealand aged 5—14 years was
higher on school-days compared with non-school-days (120). Similarly,
intake of non-milk extrinsic sugar was not higher on weekends compared
with weekdays among children aged 5—17 years in Scotland (121). Cultural
differences in dietary habits could explain these differing results. The studies
conducted in Scandinavian countries all show higher intakes of sugar on
weekends compared with weekdays.

The implications that day-of-the-week effects can have on the assessment of
dietary intakes are well known, and the results of the present studies of sugar
intake strengthen the knowledge that habitual dietary intake ought to be
assessed on both weekdays and weekends. Furthermore, when assessing
sugar intake, Fridays should be included as a separate category because they
are a mix between weekdays and weekends when it comes to sugar intake.
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Sugar intake in children has remained high for many years. Interventions
could target families in order to reduce sugar intake on weekends when it
has been shown to be extra high. Parents have a great impact on children
and have the most opportunities to set good examples and provide healthy
alternatives to their children, and this is especially the case on weekends
when most families spend more time together.

Methodological considerations

All validation studies of dietary assessment methods are limited by the fact
that, unless direct observations are made, there is no reference method that
measures the exact dietary intake (26). However, the method that is chosen
as the reference should be the best available to detect errors in the method
that is being validated. The purpose of this thesis has mainly been to
evaluate dietary assessment methods against measures of TEE. In the
LifeGene pre-pilot study, DLW was used as the reference method for all
participants, which is a great strength of the study. DLW is regarded as the
“gold standard” method and can objectively measure TEE over a period of
approximately two weeks.

In the SELFH and smartphone application evaluation studies, the SWA was
used to objectively measure TEE. An individual’s EI does not necessarily
equal TEE each day and often varies over several days even for an individual
in energy balance. This problem can be overcome by assessing diet over
many days. However, a too long of a measurement period can become
burdensome for the participant and can cause less accurate recording of the
dietary intake. In the SELFH study, EI and TEE were assessed for two days
on all occasions except one in which the assessment was conducted for four
days. In the smartphone application evaluation study, EI and TEE were
assessed for one to six days, although some participants voluntarily recorded
their diet and wore the SWA for more than the requested three days. On
average, the diet was recorded for 2.7 (0.9) days and the SWA was worn for
2.7 (1.2) days. The SWA is not as accurate as the DLW method for measuring
TEE, and validation studies of the SWA against DLW have shown varying
results. The SWA has often been shown to be accurate on the group level but
with wide limits of agreement (122). Thus, the SWA might not be valid for
measuring TEE on the individual level. A related issue is that children and
adolescents are in positive energy balance due to growth. It was assumed
that this would not be an issue in the studies because diet was assessed for
only a few days with the FR and the extra energy required during this short
time period was negligible.

In papers I and IV, misreporting of EI was correlated between the SDQ and
the FFQ and between El.pp and Elweb, respectively. To avoid this correlated
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error structure when using two dietary assessment methods, EI should
preferably have been relatively validated using methods with uncorrelated
errors, e.g. FRs for the FFQ and 24-hour recalls for the FR (5). Individual
factors might, however, make participants misreport to the same extent
regardless of dietary assessment method, and this could account for some of
the correlated error. Furthermore, the SDQ cannot be assumed to have
assessed the exact nutrients and foods as the more extensive FFQ, and the
smartphone application FR cannot be assumed to have assessed the exact
nutrients and foods as the web-based FR, because the assessments covered
different time periods.

In the comparison of the SDQ with the FFQ, several differences inherent in
the methods might have caused the different results. For example, the
questionnaires included a different number of food items, they did not use
the same reference foods in the nutrition calculation program, and different
databases were used to calculate EI and nutrient content. Furthermore,
portion sizes were not obtained in the same ways. A questionnaire should be
adapted for use in the population under investigation; therefore, different
portion sizes and consumption frequencies can be seen as part of the
questionnaire designs and not as methodological limitations, although the
results will be affected by these differences.

The comparison of nutrients and food groups between the smartphone
application FR and the web-based FR was limited by the small sample (n =
15) completing both methods. However, the comparison was strengthened
by both methods using the same food database and portion size alternatives.

Correlations are often used to compare methods in validation studies. This
approach has been criticized because a high correlation does not necessarily
mean that there is good agreement between methods (123). A plot of the
difference between methods with 95% limits of agreement against the mean
of the methods shows the group mean difference between the methods as
well as the variability around the mean. In this thesis, Bland-Altman plots
were used to illustrate the agreement between methods, and correlations
were used as complements to assess the ranking ability of the methods.
Correlations of assessed EI and objectively measured TEE were generally
non-significant for the methods evaluated in this thesis. An explanation for
the low correlations between EI and TEE in papers III and IV could be that
the SWA used as reference method was not able to measure TEE at the
individual level. It would have been desirable to use the DLW method to
measure TEE so as to be better able to evaluate the ranking ability of the FR
according to EI. However, the LifeGene pre-pilot study used the DLW
method to measure TEE of all participants, and no significant correlation
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between EI and TEE was found except for the SDQ in the non-pregnant
overweight/obese women.

BMI influenced reporting accuracy in the three studies validating dietary
assessment methods, and this is consistent with previous research (27).
Gender and age were found to influence reporting accuracy among
overweight and obese children, and underestimation of EI increased with
TEE. Therefore, TEE should be accounted for when investigating possible
differences in the accuracy of reported EI between girls and boys, between
normal-weight and overweight, and between different age groups.
Otherwise, differences in TEE could mask differences by gender, weight
status, or age because boys often have higher TEE compared with girls,
overweight often have higher TEE compared with normal-weight, and TEE
increases with age. Furthermore, it was found that reporting accuracy was
higher with a weekend day in the FR. Because the mean of reported EI and
measured TEE was calculated for all assessment days of an individual, it was
not possible to separate and compare weekends with weekdays. Doing so
might possibly have shown an even more pronounced difference in reporting
accuracy.

In children and adolescents who are growing, BMI is not a suitable measure.
Instead, BMI-z (also referred to as the BMI SD score or iso-BMI) is used.
BMI-z is calculated based on data from a reference population. It can be used
to classify children according to weight status based on SD scores or
percentiles that correspond to an adult BMI of 25 kg/m? for overweight and
30 kg/m2 for obesity. In the SELFH study, data from three different child
reference populations (one Swedish (65), one American (64) and one mixed
American/international (66)) were used to calculate BMI-z, and data from
the IOTF, which is based on international reference child populations, was
used to classify children according to weight status (63). Data from the IOTF
were used to classify participants according to weight status in the IDEFICS
and smartphone application evaluation studies, and the data were used to
calculate BMI-z (78) in the smartphone application evaluation study. For
Swedish children, data from a Swedish or an international reference
population can be assumed to be more suitable than an American reference
population, and the international reference can be assumed to be the most
suitable for the European sample of children in the IDEFICS study.

Most children participating in the IDEFICS study had one day each of
dietary intake assessed with 24-hour recalls. Therefore, one day per child
was selected for the analysis of sugar intake on weekdays versus weekends.
One assessed day is not enough to be representative of the habitual sugar
intake on the individual level, although on the group level it was enough to
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detect a difference between weekdays and weekends in the large sample of
children. Furthermore, reporting bias is possible when parents, as in the
IDEFICS study, are used as proxy-reporters of the child’s dietary intake.
Sugary foods could be selectively underreported due to a wish to report a
socially desirable diet for the child. A study of misreporting with 24-hour
recalls in the IDEFICS study showed that 89% were classified as plausible
reports when compared with adapted Goldberg cut-off values (60).

Results of the studies in the present thesis might not be generalizable to the
general population of children, adolescents, and young women. In the
SELFH and LifeGene pre-pilot studies, participants were recruited, for
example, by advertising, and this resulted in selected samples of motivated
participants. Furthermore, overweight and obese individuals, who have
shown to be more prone to underestimating compared with normal-weight
individuals, were specifically recruited to these two studies and this most
probably affected the results. In the IDEFICS and smartphone application
evaluation studies, on the other hand, recruitment of participants was
conducted through pre-schools and schools. The children participating in
IDEFICS Sweden were shown to differ from reference children matched
according to age and gender and living in the same municipality (124).
Participating children were less likely to live in families with low education
and income, single parenthood, or a foreign background. Furthermore, the
children in the IDEFICS study were not nationally representative. In the
smartphone application evaluation study, 49% of the participants included
in the analysis reported college or university as the highest education level
completed by their parents, and 19% reported a foreign background. This
was not much different from the average proportions for adolescents in the
municipalities that the sample was drawn from. The average proportion of
adolescents with parents who had higher education than upper secondary
school was 63% in the municipalities, and 15% had foreign background
according to data from the 2013/2014 school year (70). The averages for the
included schools were 63% and 18%, respectively. This indicates that the
adolescents included in analysis and the schools that the study recruited
from were representative for Gothenburg and neighbouring municipalities
with regard to the educational level of parents and the proportion of
adolescents who had foreign backgrounds.

A limitation to the analysis of sugar intake is that the assessed intakes could
not be compared with the recommendation of less than 10 E% added sugar
in the diet. Added sugar is not included in nutrition calculation databases,
and the analysis was performed, therefore, for the total intake of mono- and
disaccharides. The Swedish nutrition calculation database from the National
Food Agency also has information about the sucrose level in foods (added
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and naturally occurring sucrose combined). Therefore, sucrose intake was
analysed in the SELFH and smartphone application evaluation studies. In
the IDEFICS study, data from all eight participating countries were
harmonized to be comparable. Because many countries did not have sucrose
in the nutrition calculation database, this information was excluded for the
Swedish IDEFICS sample. Instead, the intake of foods and drinks rich in
added sugar based on food groups common for all countries was used in the
analysis. To avoid this problem in future studies, added sugars should be
included in food composition databases. Furthermore, to evaluate the
accuracy of assessed sugar intake, new biomarkers might be useful (23, 25).

A limitation to the smartphone application evaluation study was that the
application was only developed for use with Android smartphones. When
recruiting study participants it was discovered that most of the adolescents
owned an iPhone. Therefore, they borrowed an Android smartphone to be
able to participate in the study. This made it more difficult for them to use
the application compared to if they had been able to use their own
smartphones, which they were used to handling. They also had to bring an
extra smartphone with them during the day or they left it at home and
recorded their dietary intake in the evenings. This could have affected the
recording and validity of the obtained dietary data.
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Conclusions

Despite being short, the SDQ captures as much of EI and nutrient intake as a
more extensive and commonly used FFQ. The SDQ can be used to assess
dietary intakes of young women when there is a need for a short instrument
that still captures a majority of the EI. The SDQ should be evaluated
regarding its ability to assess nutrient and food intake compared with
preferably objective methods, and in other groups such as children, men,
and the elderly. The design of the SDQ can be adapted to suit different
populations and study objectives.

FRs completed with the aid of digital cameras and smartphones did not show
increased accuracy compared with traditional FRs among children and
adolescents. Innovative methods are needed that place minimal burden on
the participants, and this is especially important when assessing the dietary
intakes of children and adolescents. The goal should be completely objective
methods, and smartphone applications with automated image analysis of
food photographs that are currently in development might be a step toward
this goal.

Known factors associated with the misreporting of dietary intake in the
population under study should be considered when performing dietary
assessments, and new factors that might be of importance should be
investigated. The present thesis confirmed results from previous studies
showing that weight status, BMI, TEE, age, and gender can influence the
reporting accuracy of EI. Furthermore, including a weekend day in the FR as
compared to only including weekdays was found to influence reporting
accuracy among children and adolescents, and the reasons for this should be
investigated.

The intake of sugar among children differs not only between weekdays and
weekends but also on Fridays. When assessing children’s sugar intake using
estimated FRs or 24-hour recalls, a weekday (Monday-Thursday), Friday,
and weekend day should be included. To be able to evaluate children’s sugar
intake in relation to nutritional recommendations, it must be possible to
assess the intake of added sugars. Added sugars should, therefore, be
included in food composition tables. Alternatively, recommendations can
additionally be given for total mono- and disaccharides or sucrose, which are
possible to assess. Biomarkers for sugar might be used to evaluate the
accuracy of subjectively reported sugar intake.

Efforts should be made to reduce sugar intake in children and adolescents,
on both weekdays and weekends. Parents might have a significant impact on
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the child’s dietary intake during weekends, and they can use this opportunity
to be good role models and to provide healthy foods. They might also have
the opportunity to provide healthy breakfasts during school days. Society
should help parents set limits and make it easier for them to provide healthy
foods for their children. They might need support to make healthy
purchases, and this could include structural changes that make healthy
alternatives more available and desirable. Children also need support from
parents and others adults to make healthy food choices.
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