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ABSTRACT

Background: Childhood overweight and obesity has increased significantly over the past two
decades. Many wettonducted obesity prevention trials have been conducted-scthoel

aged bildren but the majority have not been able to show changes in obesity related markers.
These trials have used traditional faedacemethods to conduct the intervenspwhich

are expensive and difficult to scale up. Therefore, new dissemination mé&nod

intervention studies such ambile health (mHealth) shoulg explored.

Aims: The overall aim of this thesis was to determine whether a mHetdthention
targeted towards parents could improve obesity markers-schaml aged children.

Paperl: To outline the study design and methodologies utilized in the MINISTOP trial.

Paperll : To evaluate the validity of reported energy and food intake assessethesing
mobilebasedr ool for Energy Balance in ChildrdECH) against total energy expendie
(TEE)and 24hr dietary recalls, respectively.

Paperlll : To evaluate the capacity of the wsgorn ActiGraph wGT3xBT accelerometer
to capture variations in frdevzing activity energy expendituf®EE) and to assess wear
compliance of the ActiGraplsing a seven day 24hr protacol

PaperlV: To assess the effectiveness of the MINISTi@Erventionon body composition,
intakes of fruits, vegetables, candy, and sweetened beveragedl, @&s the amount of time
spentsedentary and in moderatevigorous physical activity after the-@onth intervention.

PaperV: To investigate if the MINISTOP interventidi®-months after baseline improved fat
mass index (FMI) and had a maintained effect oarmaposite sare (made up of FMas well
as dietaryand physicahctivity variables).

Methods

Paperll : A nested validation study including 39 childged 5.5 year&nergy and food
intakes were measured using TECH and compared to TEE assessedadmudly labelled
watermethodand 24hr dietary recallsespectively

Paperlll : A nested validation study including 40 child@geds.5 yearsTEE was assessed
usingthe doubly labelled watemethodand AEE was calculatess TEE minus gredicted

basal metabolicate The ActiGraph was worn on the rdominant wrist and the utized

outputs were mean of daily filtered vector magnitudes (mean VM total) and mean of awake
filtered vector magnitudes (mean VM waking).

PaperslV and V: A randomized controlled trial includir@lL5childrenaged 4.5 year#\fter
basd¢ine assessments, the childseare randomly allocatedto theintervention or control
groupfor six months. The intervention group and control gnageived the MINISTOP app
or a pamphlet on dietary drphysical activity behaviors f@re-school childre, respectively.



The outcome measures were FMI (primary) and intakes of fruits, vegetables, candy, and
sweetened beverages, as well as time spent sedentary and in rAoe@gaimus physical
activity (secondary). Two composite sco@seven componerih€luding all primary and
secondary outcomgand a six component (including only secondary outcomes) were
computed.

Results

Paperll: No significant difference betweeneanenergy intake and TEE wésund P =

0.064). Forall eight food groups assessmalsignificant differences in the mean intakes were
observed whensing TECH and 24hr dietary recadlisd all intakesvere correlate@vhen

using both methodgange for rho: 0.665 to 0.896, &k 0.001).

Paperll I: Mean VM total and mean VM waking alenvere able to explain 149 € 0.009)
and 24% P = 0.001) of tle variation in AEEWhen adding fat and fat free mass to the
models 58% and 62% (< 0.001) of the variation in AEE was explained, using mean VM
total and mean VM waking, respectively.

PaperlV: Nointervention effecfor the primary outcome FMbas observetetween the
intervention and control group & 0.922) At the 6month followup, for the seven
component composite score the intervention group significantly increased their score
compare to thecontrol group (+0.36 + 1.47 units v6.06 + 1.33 units, respectiveR,=
0.021 between groupsyith the difference bieg moreevidentin children with a higher FMI
For the six component composite score the children in the interventionlgrd@phigher
odds of increasing their score in comparison to the control group (odds ratio: 2489; 95
confidence interval: 1.20, 3P = 0.008).

PaperV: For FMI there was no significant difference observed between the intervention and
control group P = 0.566)between the Etnonth followrup and baselind=urthermore, there

was nomaintaineceffect observed in thehange irthedifference in the seven component
composite score between the intervention and control giba®(248).

Conclusions The resits from this thesis suggestat both TECHand the wristvorn

ActiGraph havehepotential to provide useful information in studies where diet and physical
activity in youngchildren are assessed. Furthermore, this thesis presents results from the first
mHealth obesity prevention study in gehool aged children. Although no difference

between the intervention and control group for FMI was observed, the intervention group
showed asignificantlyhigher seven component composite schifferencethan thecontrol

group at the @énonth followup, especially in children with a higher FMI. Topics for future
research include modtftions of the MINISTOP app to more specificallygethigh risk
childrenaswell as further studies on to how maintain behaviongkain mHealth

interventions.
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1 INTRODUCTION
1.1 CHILDHOOD OVERWEIGHT AND OBESITY

1.1.1 Prevalence

Childhood overweight and obesity iglbal andseriouspublic healthssue affecting low,
middle, and high income countri€g. In 2015, it was approximatedat 107.7 million
children aged 2 to 19 yeangre obese, which represents an overall prevalence rate of 5%
worldwide (2). In children under five years of age the increasshilidhood overweight and
obesity has been rapiBor example, between 1990 and 2013 childhood overweight and
obesity increased from 32 to 42 million and if these global trends persist approxinGately
million children will be overweight or obese by 202.

In Stockholm and surrounding suburbs in 2012, 9.4% of four ydahdtren were
overweight and 1.8% were obegath higher rates being observed in girls than in {dys
In 2010, in the Uppsal®rebro regioroverweight and obesity ratés girls were
approximagly 14% and 3%with corresponding figures in boys being approximately 10%
and 2.5%5). Although,reports are showing that the prevalence of childhood overweight and
obesity has stabilize(®-8), the levels of overweight and obesity Betweertwo and four
times as higlas afew decades befordepending on the age gm(9, 10). Additionallyin
Swedena socioeconomic gradient for overweiginid obesitys evidentwith a higher
prevalence being observed among socioeconomically disadvantaged(@fipd@s For
instancefor four year old childretthe prevalence rates 8tockholmand surrounding
suburbs differed by 11.5% with the lowest rdiesg observed in the more affluent city
center (Norrmalm) and the highest rates being obsémteé less affluensuburb(Salem)

(4).

In addition to looking athe prevalencef childhood obesitypy body mass index (BMI) it is
also important to look at body composition. A recent study investigated the longitudinal
development of adiposity in 26 healthy, Swedish children from 1 week to 4.5 years of age
(13). Body composition was measured at 1 and 12 weeks as ve¢ll &s 3 and 4.5 years of
age andesults showethat in comparison to reference data by Fomon €t4). starting at

1.5 yearsthe® children had a higher fat mass percentagef:Noweveytheir BMI was
similar. The largest difference FM% was found at 4.5 years afje wherdoys and girls

had on average 68% and’aighervalues than the reference child(@s). This data
demonstrates that childhooslerweight anabesity is still an issue in Swedish society and
that it is important to measub®dy compositioralong with BMI.

1.1.2 Determinants

The etiology of overweight and obesity is miéctaial andis influenced by a multitude of
determinants ranging from thedinidual to the societal level. Forstance, from early
childhood genetics have been found to be an important determinant in explaining the
variation in height, weight, and BML15, 16). There are also numerous environmental or



modifiable lifestyle determinants that influence childth@besity. These include and are not
limited to: eating behaviors, physical activity, sedentary behavior or screesléeeas
well as earhyife factors (e.g. maternal gestational weight gaibreastfeeding(17).

Overweight anabesityoccurs when there is an energy imbalance, i.e. energy ((iE§ke
exceeds energy expenditfi€). For examplein young childrerEl has been positively
related to BMI zscores in both crossectional and longitudinal studi€kd, 20). Furthermore,
low energy expenditurdepicted by low levels of physical activity and highels of
sedentary behavior/screen time has been associated with a positive energy(®d3laimce
pre-school aged childresignificant inverse correlations have been found between objectively
measured moderate-vigorous physical activity (MVPA) anBM% (22-24) as well as fat
mass index (FMIJ23, 24). In regards to objectively measured sedentary behavior no
significant associations have been observe& Kt or FMI (22-24). Even though null
associations were found between sedertahavior andcFM% as well as FMI it may have an
indirect influence otody composition indices. For instance, in-pedool children it has
been found that sedentary behavespecially in the form of television viewing has been
associated with the intake of energy dense {@6§l Further researds needean body
movements, especialhow sedentary behavior and screen time influence childhood
overweight and obesity.

1.1.3 Consequences

Childhood overweight and obesity is of serious concern as it can persist throughout
adolescence and adulthood causing an array of physical and psychologicalenosgq

(26). Nader et al(27) found that children who were overweight at four years of age had a
60% risk of being overweight at age 12. Similarly, another study stated that 34% of children
who were overweight at seven years of age were classified as obesd 328y This is

very concerningrom a health perspecties it is well established that childhood obesity is
associated with cardimetabolic risk factors such as hypertension, insulin resistande
dyslipidemia(29). Many studies e.q30, 31) have examined the prevalence of cardio
metabolic risk factors in relation to weight status in children and found that as BMI imcrease
the risk factors followed concurrentlyurthermorea studyin 8 to 11year old Spanish

children foundhatchildren who were overweight, mildly obese, severely obese, or morbidly
obese had 0.4, 0.8, 1.3, and 1.6 standard deviation (SD) highermo&tdimlic risk score,
respectivelythan their normal weight counterpaf®2). Due to the fact that in 2015 a high

BMI was related to approximately 4 million deaths and 120 millicaldlisy adjusted life

years in adults worldwid@), intervention in thealy years is highly motivated.

1.2 OBESITY PREVENTION INTERVENTIONS IN PRE-SCHOOL CHILDREN

During the recent years there has been a pique in interest ity @vegention interventions
targeting preschool aged childre§83-36) due to the increased prevalence of overweight and
obesity in this age group. Primary prevention is being brought to the forefrotat theefact

that once obesity is establishredersal through interventions is challengf8d).



Furthermore, due to the fact that it has been observed that phssitgll as obesogenic
behaviorscan track from early childhood onward, intervention at the younger years is highly
warranted38). It has also been found that treatment started at a young)és more

effective than at older ages because pammntaregiverhave the ability to exert greater
control over thd39r <childbés environment

Thesetting of thenterventionalso has to be considerediwinterventions being able to be
conductedn one or a combination of settings (esghoolchildcare, home, primary carer
community. A systematic review condted in 2016 found that the majority of overweight
and obesity prevention interventianspreschool aged childrelnave been conducted in a
schootbased environment (16 of 2¥)llowed by the community setting (5 of 28nd the
thehome environment (&f 23) (40). Only 8 of the23 (35%) prevention interventions
included in this reviewwith five, two, and one beingonductedn the school, community,
and home environment, respectivdiyyinda significant effect on at leashe anthropometric
variable (BMI, BMI percentile, or BMI-Bcores)40).

Furthermore,n Europe there has been severell-condicted obesity preventionats in
young children; however, the majgrhave failed to demonstrate significamangsin
obesity marker§41-46). The TOYBOX study was a schelehsed intervention with parental
involvementwhich comprised ofix countres (Belgium, Bulgaria, Germany, GreePe)and,
and Spain) and included 4964 ym&hoolchildren aged 3.5 to 5.5 yeaf® datethey have
found limitedeffects of the intervention regardibgverage consumptiqdl) and n the
Belgian sample the intervention had no effects on sedentary time megitheeabjectively
or subjectively(42). The IDEFICS study waa largescale communjtoriented intervention
which included 1&28 children aged 2 to 9.9 years from eight European countries (Belgium,
Cyprus, Estonia, Germany, Huarg, Italy, Spain, and Sweden). IDEFI@®Bindno
significant differences between the intervention and contonlgin regards to the
prevalence of overweight and obesity or measures of body &8 sBurthemore, no
significanteffectswere foundon parental reportediet, physical activity or sedentary
behaviord44). The Ballabeina study was a lifestyle intervention implemented in the pre
school setting in Switzerland and includgs® childrenwith a mean age of 5.1 years
Significantintervention effectsvere found foraerobic fithessM% (measured by
bioelectrical impedance), as well as parental repaittdfood frequency questionnaire),
physical activity and media use; hoveevno significant difference was observed for
objectively measured physical activ{gh). Finally, the PRIMROSE study was a pdgdion
basedandomized controlled trigRCT) delivered through chd healthcare centers in
Sweden (n = 1053YVhen the children were four years of agesignificant intervention
effects were observed for BMI, MVPA, or sedentary behaviors; howehvikiren in the
intervention group had a higher consumption of vegetables and lower intake of sweetened
beverage$46).

It is evident that the prevention interventions that hmeenimplemented to date have had
limited effectiveness reducing overweight and obesity as well as other gbesitkers As



the homebased environment has not been largely investigated in this age vesibly

future trials should focus theragspre-school children consume approximately 75% of their

food at hom€47). Furthermorethe first years of life are considered the formativarye

wheret he chil dés family, especially the parents
chil dos d48 v Therpfone ihig bedived that modifiable obesity markers such

as diet and physical activigre ingrained in the family environme@8). However, we

cannotdismiss the fact that the family environment is changing and time constraints for

parents are ineasing, which will probably affect participation ratesraditional faceto-face
interventiong50). Therefore, obesity prevention interventions need to be developed using

different methods to disseminate information to parents esgiteol aged children.

1.3 MOBILE HEALTH (MHEALTH)

The use of rabile phones and applications (apps) to disseminate information or interventions
has exploded in recent years. Mobile health (mHealth) refers to the usage of wireless and
mobile technologies to achieve health related objectdBsMobile phone subscriptions

have increased by 97% between 2000 and Z&A)Swith approximately 95% of the global
population (7 billion peoplekesidingin an area with a obile-cellular network(53). In

Sweden78% of the population access the internet via their phone, with approximately 65%
doing it every day. On average, Swedish men and women aged 16 to 45 years spend between
8.4 and 15.9 hours per weeing the internet on their mobile phdbd).

Due to the wide availability and use obhile phones in Sweden the use of mHealth to
deliver interventions has great potential. mHealth has been used in many trials to promote
behavior change in various areas. For example, it has beewitls#ite aimto increase
smoking cessation, physical iadly, safer sexual behavior, and to decrease caluiake and
alcohol consumptiofb5). mHealth has also been used for disease managementhf@che
and chronic conditions for a variety of diseases and disqf@®rsThe benefits of using
mHealth instead of more traditional faiweface interventions are: that the interventions can
be delivered at any time or place, participants are not required to attend a clinic, they are
interactive, and they can balored towards specific groups.

A recent metanalysis in adults investigating the use of mobile phone delivered weight loss
interventions found significant decreases in body weight in the intervention group compared
to the control groufb6). Flores Mateo et a(57) conducted a systematic review/meta

analysis on the use of mobile apps to promote weight loss and increase physical activity in
adults. They found that the use of mobile app ietions significantly decreased body

weight and BMI (pooled estimatet.04 kg and0.43 kg/m3, respectively). In regards to

physical activity an increase was observed in the intervention compared to the control group
but the results for the pooled estiadid not reach statistical significan&). According to

two systematic reviews few interventions have used app&t tietary58, 59) and
sedentary59) behaviors in adult-or those thabtaveinvestigatedsuchoutcomes 6 outf 11
studies found improvemenitsdiet (various markers) and 1 2f&tudies found an

improvement in sedentary behavi{6g).



Very few studies have been conducted using apps to prevent or treat obesity or related
behaviors in children and adolescgi®g). Quelly et al(60) conducted a systematic review

in this area and found that apps did not lead to changes in anthropometric outcomes (waist
circumference, BMI, oFM%) in older children and adolesats In regards to physical

activity for older children and adolescethe results were varied with some studies finding
positive outcomes and others not. Changes in nutritional behavior were promising with some
studies showing increases in fruit and/egetable intake and decreases in sugar sweetened
beverages and/or unhealthy snack consump@@nThere has been no studies conducted
using apps to prevent or treat obesitpre-school aged children. As mHealth weight loss
interventionshave been effective in adults it would be resting to investigate if mHealth

has the ability to promote behavior change that would aid in preventing overweight and
obesity in young children.

1.4 CLASSIFICATION & DEFINITION OF OVERWEIGHT AND OBESITY

Classification of children and adults into weiglatss categories (i.e. underweight, normal
weight, overweight, and obese) is coomty done using BMIIn adults there is only one eut

of f for over we?fghtnd( BPMle s, whekaskhidde k g/ m
classified into weight status categorniessng ageand sexspecific cuipoints(61, 62).

However, BM is a crude measure of overweight and obesity, as it is an estimate of weight in
relation to height and it cannot differentiate betweemtzds (FM)and fat free magé-FM)

(63). A few studieg64-67) have investigated the validity of BMI inggschool aged children;
however, they have compared BMIEM% which comes with limitationg-or instance,

FM% is influencedby the proportion of both FM and FFM the body andt is not

completely independent of body si@&S). Therefore, in order to overcome this problem,

body composition indices such as FMI and fat free mass index (FFMI) should be used instead
of FM%, as both FMI and FFMI represt height adjusted rasures of FM and FFM
respectively(63, 69).

To date, no studies in the mehool age group have compared BMI to the FMI or FFMI.
Unpublished data, from 303 4.5 year old children found that BMI was as strongly correlated
with the FMI and FFMI in both boys and girls (efgy. boys £ = 0.468 and®.621, botHP-

values <0.001 for BMI vs. FMI and BMI vs. FFMI, respectivel)elisle Nystrom etla
manuscript under review, 2017 Ogt These results indicatbatcaution is neededhen
interpreting body composition from BMI in peehool aged children.

1.5 ASSESSMENT OF BODY COMPOSITION USING AIR DISPLACEMENT
PLETHYSMOGRAPHY

There are numerous methods to measure body composition such as: skinfolds, babelectric

impedance, dual energyray absorptiometry, underwater weighirggptope dilutionand air

displacement plethysmograpDP). However, not all of these methods are accurate or

possible to use in young childrandtheyall come with their own unique advantages and

disadvantags In the middle of the 0 6 s t h e skstememeastrel@dyi bl e



composition via ADP was made available in adults (BodPod, Cosmed USA, Concord, USA)
(69, 70). It was not until 2012hat children between the ages of two and six cbaild

measured using ADP when the Pediatmatih for BodPod was creatédl). Advantages of

ADP over other methods include that it is: fast andingasive; safe (i.e. no radiation); and

it allows for the measurement of all types of subjects (e.g. children, disabled, elderly, and
obese)70).

The Pediatric Option for BodPod includes the test chamber (i.e. BodPod plethysmograph), a
pediatric seat, and an electronic weighingedabdy volume isassessedsing ADP, by

measuring how much air thelgect displaceghen sitting inside the chamber; which is
baseduponthee |l ati onship between pressure and vol ul
Poi s saw(69Al). Body volume is then adjusted for the surface area artifact as well as

the thoracic gas volun{@l).Body density can then be calcul ate
weight by their body volumd=M% can then beomputedassunng that the density of FNé

0.9007 kg/L(72) anda sex and agespecific density alue of FFM(73). The Pediatric Option

for BodPod, which is a twvoomponent model has been validated against thectmaponent

model and habeenfound to be an accurate and reliable method for assessing body

composition in young childrefr1).

Measuring a child in the Pediatric Option for BodPod



1.6 THE DOUBLY LABELLED WATER METHOD

The doublylabelledwat er met hod (DLW) was introduced i
method is considereddlgold standard to assess total energy expenditure (TEE) in free living
conditions(74, 75). TEEin combination with basal metabolic rate (BM&&n be used to

calculate activity energy expenditure (AEAf)d physical activity level (PALAdditionally,

TEE can also be useédvalidate E] as El and TEE should legual as long as the person is in

energy balance (i.e. remains weight stalfejally, isotope dilution can be used to estimate

body composition. Ahis technique is nemvasiveand safe it allows it to be easily dipg

in all types of populations, such as young children for a variety of purpbes the DLW

method is appropriately applied it is possible to acquire TEE estimates with an accuracy and
precision between-3% and 28%, respectivel{76).

1.6.1 Total energy expenditure

The DLW methodnvolves he subject consuming a carefully measured dose of deuterium
(*H) and oxygeril8 (0), which are stable isotop€&4, 75). For young children DLW is
often mixed with fruit juice and consumed with a straw in ordewtadspillage and ensure
that the water isonsumedn entirety.Urine samples are collectedor to dosing andbr up

to two weeksafter dosing. Tie urine samples atleenanalyzed using isotope ratio mass
spectrometry taleterminghe isotope enrichments throughthg period. The DLW method
is built upon the assumptions tRatincorporates with body water afftD combines with
both body water and carbon dioxide. Thereféreis lost only via water, where& is lost
as both water and carbon dioxide. Carbonid®yroduction can then be calculated as the
elimination rate ot®0 minus the elimination rate &f (77). Using the Weir equatiofv9)

and a bod quotien{usually0.85 (79) the carbon dioxide elimination rate can be used to
calculate TEE.

1.6.2 Energy expenditure in response to physical activity

AEE and PALcan be calculated 8&E minus BMR(corrected for dietary induced
thermogenesignd TEE divided by BMRrespectivelyMeasures of BMR can be acquired

via indirect calorimetry; however, due to the fact that BMR needs todasured when a
subject is lying stiland fasting it is not able to be done in young children. Instead, prediction
eguations based on age and sex can be used to estimat@8MAEE and PAL provide
estimates of the energmilized for physical activity(81) underfreeliving conditions. Energy
expenditure estimates assessed usiaddLW method are considered the reference standard
for physical activity assessment meth¢dg.

1.6.3 Body composition

Isotope diluibn can be used to assess body compodiiamughusing a carefully measured

dose of eithefH or 180 (or a combination of both isotopes)o r r espondi ng t o t h
weight The amount(s) of the stable isotope(s) present in the urine saoigesedbefore

and after dosing determined using isotope ratio mass spectrometry and total body water



(TBW) can then be calculated-M can then be computed using the hydration coefficient,
whichis the portion of FFMhat consists of water by dividing TBW by the hydration
coefficient.lt is important to note that the hydration coefficient varies throughout the life
course with infants havingehhighest hydration coefficie(it4, 72). For instance, at birth, 5
years ofage, and in adulthood hydration valaes approximately 81%d.4), 77%(14, 72),

and 73%(72), respectively.

1.7 DIETARY ASSESSMENT

Methods for assessing dietary intake have remained relatively constant over the years.
Prospective methods fassessing diet and Eiclude oth the weiped and estimated food
records; whereas 24hr dietary recalls and food frequency questionnaires are considered
retrospective methods. All of these methods come with their own set of limitations and are all
time-consuming and burdensome on thdipigant or proxy (if the participant is a young
child). Burrows et al(82) conducted a systematic review investigating the accuracy of
traditional dietary assessment methods against TEE assesseith@Bibg/ methodin

children anddéund that EIl was misreported in all studies. Both significant uaderover
reportinghave been found in children aadolescent§32, 83), whereas usally only under
reporting wagound in adultg83). Specifically in preschool children differences in EI and
TEE has varied betweeh4% and +59%{84).

New dietary methods that reduce participant burden, are easily administered, and can be
scaled up are needed. The use of mobile phones to assegsinligkar has piquenhterest in
recent years. These methods usually involve participants taking pictures of the foods and
beverages they consume throughout the day andwgethéim via SMS or email to the

research team. Two reviews have reported that particifzavtiedmobie phone based

dietary assessment methods over traditional (8%86). Thus far, the majority of these new
assessment methods have only been tested in pilot and feasibility 6gigsol for

energy balance in children (TECH) is a mobile phone based dietary assessment method to
assess energy and food intake in young chilgwdnich was developed by our research group.
In a pilot study, one day of food recordings assessed using TECH were compared to TEE
measuredia the DLW method. Some promising results were obtained as meare§3exts
using TECH was not statistically different from the mean T&#: Dietary assessment
methods such aBECH need to be further tested to see whether these methods can begin to
replace hetraditional assessment methods.




1.8 PHYSICAL ACTIVITY ASSESSMENT

Physical activity can be measured subjectively or objectively. Subjective measures include
physical activity questionnaires and activity diaries; whereas objective measures include
pedometers and accelerometers.

Accelerometers are devices that capturédotioed y 6 s accel erati ons and
measure physical activity, sedentame, energy expenditurand sleep related behaviors

(88). Accelerometers have a distinct advantage over pedometers as they have the ability to
obtain information on the intensity duduration of the physical activity perform¢).

However, accelerometers as with pedometers have a limited ability to capture energy
expenditure when skating, cycling, and performingbadring activitiesFurthermore, the
majority of accelerometers are not waterproof and thus miss all activities performed during
waterbased activitie§90). There are two @in types of accelerometers, uniaxial and triaxial.
Uniaxial accelerometers measure acceleration in one plane (horizontal), whereas the triaxial
accelerometemeasures in three planes (horizontal, vertical, and diag@ial)As the

technology for accelerometers developed it has allowed the sampling intervals (epochs) to
become shorter, from one minute down te second. The shorter epochs are recommended
for young childen due to the random nature of their activity patté36s92).

There are numerous brands of accelerometers, with the ActiGraph being the most commonly
used in reseahd88) and each can be worn on a different part of the body (e.g. wrist, waist,

hip etc.). Prediction equations to determine energy expenditure apdiotd to define

physical activity intensities must be determined for each type of accelerometer, placement
site, and population it is to be used &8). In the past few years there has been an inciease

the number of studies using wrisbrn monitors as it was believed they would increase
compliancg93). For instance, largscale studies such as NHANES have switched from the
traditional waistworn accelerometers to theist-worn oneg94). This allows the

accelerometers to be worn for 24 hours per day which has significantly increased compliance
rates(94-96). One study has compared physical activity intensities using thartdpnrist

worn placementising the ActiGraph GT3X+ in prechool children and found that the mean
vector magnitude (VM) counts per minute as well as the total VM counts differed

significantly between placement sites. More specifically they found greater sedentary time in
the hipworn monitor and higher MVPA in the wrigtorn monitor(97). However, due to the
change in placement site of the accelerometers new validation studies aremesdédhte

the ability of the monitors to predict energy expenditure in various populations-Wdéaist
accelerometers have been validated to predict AEE unddiviregeconditions in preschool

aged childrerf81); howeverthere is also a need farist-worn accelerometets be

validatd in this population as well.






2 AIMS

The overall airs of this thesis were{i) to evaluate the validity of a new dietary assessment
tool (TECH)as well aghe ActiGraph wGT3xBT accelerometer an(d) to determine

whether a mHealth intervention (MINISTOP) targeted towards parents could improve body
composition, dietary habits, physieetivity, and sedentary behaviartheir 4.5 year old
children.The study protocol (Papéris included in thishesis to providanoverview for

Paperdl through V.

The specific aims were

1.

4.

To evaluate the validity of reported energy and food intake assessed using TECH
against TEE measured \ttee DLW methodand 24 hour dietary recalls, respectively
(Paperl).

To evaluate the capacity of theisttworn ActiGraph wGT38T triaxial

accelerometeto capture variations in fréiwing AEE and to assess wear compliance

of the acceleromete(Raperll).

To assess theffectiveness of the MINISTOiRterventionon body omposition,

intakes of fruits, vegetables, candy, and sweetened beverages, as well as the amount
of time spent sedentary and in MVPA after the interventiorgineonths after

baseline (Papd¥).

Toinvestigate if the MINISTOP intervention 48onths aftebaselinemprovedFMI

and had a maintained effect on a composite score (made up of FMI as well as dietary
and hysical activity variableg)PaperV).
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3 MATERIALS AND METHODS
3.1 STUDY DESIGN AND POPULATION

3.1.1.1 The MINISTORP trial

TheMINISTOP trial was a population based, taon parallelRCT, conducted in

Ostergotland Sweden. For each assessment period (ba&@linathfollow-up, andl2-
monthfollow-up) the children came to Linkdping University Hospital to assess body
composition ad physical fithess. In the two week period after the assessment at the hospital
diet and pysical activity were assessed. The parents in the intervention group received the
MINISTOP app for their smartphones and the parents in the control group weragive
handout which provided information on physical activity and a healthy diet f@chiol
agedchildren. A protocol for the MINISTOP tiliavas published in 2015 (Papérandthe

trial was registered at ClinicalTrials.gov (NCT02021786; 20 Decembe).ZDA8 reporting

of this trial followed the Consolidated Standards of Reporting Trials stat¢a8and the
EHEALTH checklist version 1.6.(99).

Within the MINISTORP trial a nested validation studysamnducted in order to validate the
methods used to assess diet (Pdpef100), physical activity (Papdtl), as well as body
composition(not included in this thesig)01).

3.1.1.2 Participants and recruitment

Figure 1 presents an overview of the MINISTOP trial from recruitment td #amonth
follow-up andTable 1describes each of the five studies included in this thdsiag
StatisticsSwedenletters were sent out to @larents and caregivers of all forgar old
children born between July 2009 afebruary 2010ving in the cainty of Ostergotland in
SwedenA total of 3368 letters were sent out and 593 parents or earsgesponded to the
letter. Two hundre and thirtysix childrenwere excluded (n = 36 for not meeting the
inclusion criteria and n = 200 declined to participate).

Inclusion criteria consisted of:

f Paren(s) having a fouryear old child and living in the county of 8sgétland

1 Having the ability to have their childme to the baseline assessnat.5 years + 2
months of age

1 Having one parent that could speak ardd Swedish sufficiently well.

Exclusion criteria consisted of:

1 If the child hadha neurological or endocrine disordenich could possilyl affect body
compostion or size.

1 If one of the parents hdmben diagnosed with a psychological or physical disease
which would make the study too demanding for them.

12



A total of 357 childrertame to the baseline assessnag¢hinképing University tdspital.
Forty-two chidren did not complete the baseline assessments leaving 315 children to be
randbmized These children were randomized into the intervention or control group in a 1:1
ratio using a random allocation sequence in blocks of ten, leadlag tchildren in the
intervention group and 159 children in the control gr&gticipants were unable to be
blinded to their group allocation owing to the nature of the intervention; however, outcome
accessors were blinded to the group alloca#the end of interventiofollow-up (i.e. 6
months after baselinehd at the 12Znonth followrup 281 children (89%) and263children
(83.8%) had completeutcome measures

Recruitment for Papetsand Il (the validation studies) occurred when the child and
parent(s) were retuimg for the 12month followup visit. The parents were asked
sequentially in the order of their appointments if they would like to participate in a study to
validate the methodologies being used in the MINISTOP trial. Recruitment ended when 40
parents aged for their child to participatevith a total of 45 families being asked to partake
Due to one child having missing dadaly 39 dildren were included in Papkr

3.1.1.3 Ethics

The MINISTOP trial was conducted in accordance with the guidedini®e Declaration of
Helsinki. The Research and Ethics Committee, Stockholm, Sweden approved this study on
the 10" of October 20132013/160731/5) and the 19of December 2018013/225632).
Informed consent was collected from both parents befor@sheneasurement.
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Letters sent out (n = 3368)

A

Responded

to the letter
(n=1593)

Excluded (n=236)
e Not meeting inclusion

¥

> criteria (n = 36)
e Declined to participate
(n=200)

Came to baseline assessment
(n=357)

Did not provide complete

information (n = 42)

Randomized (n = 315)

:

Intervention group (n = 156)

Completed 6-month follow-up
(n=143)

Dropped out (n = 35)

Missing data (n = 8)

A

Completed 12-month follow-up
(n=133)
e Dropped out (n=4)
e Missing data (n=6)

A

Control group (n = 159)

A

Completed 6-month follow-up
(n=138)

Dropped out (n = 10)

Missing data (n=11)

h 4

Completed 12-month follow-up
(n=130)
e Dropped out (n=4)
e Missing data (n=4)

Figure 1. Flowchart from recruitment to the 4flonth followup for the MINISTOP trial.
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Table. 10verviewof the studiesncluded in this thesis

Paperl Paperll Paperlll PaperlV PaperV
Aim(s) To outline To compare To evaluate the To assess the To investigate
the study energy intake capady of the effectiveness if the
designand (TECH) with wrist-worn of a mHealth MINISTOP
methodology total energy ActiGraph obesity intervention
used inthe  expenditure wGT3xBT preventio improvedbody
MINISTOP  (doubly accelerometer program composition
trial. labelled to predict free  (MINISTOP) andhad a
water) living activity  on body maintained
To compare  €nergy composition  effect ona
the intakes of €xpenditure.  dietary habits, composite
certain foods To assess wea aS Well as scorel2-
acquired compliance of Physical monthsafter
using TECH  the ActiGraph activity and baseline.
with those ~ using a 7day, Sedentary
measured  24hr protocol. Pehavios.
using 24hr
dietary
recalls.
Design Study Cross Cross Randomized Randomized
pratocol sectional sectional controlled trial controlled trial
Participants - 39 children at 40 children at 281 children at 263 children at
5.5years of 5.5 years of 45and 5 45and 5.5
age age years of age  years ofage
Methods & - Energy Energy Body Body
Variables metabolism  metabolism composition ~ composition
energy and  body (ADP),food  (ADP), food
food intake ~ composition intake intake(TECH),
(TECHand (isotope (TECH), and  physical
24hr dietary  dilution), and  physical activity
recally physical activity (ActiGraph
activity (ActiGraph)
(ActiGraph

TECH, Tool for Energy Balance in Children; mHealth, Mobile he#iP, Air displacement plethysmography

3.2 INTERVENTION

The MINISTOP intervention (i.e. MINISTOP app) was created by a team of researchers with

expertise in the fields of nutrition, physical activity, mediclehaviorakcience,
psychologyengineeringand statisticsThe content provided in the app was ldaggon the
Social Cognitive Theor{102), behavior change techniques known to influence lifestyle
changq103), and evidence based recommendations for obesity@mi&ons in young

children(104).

The intervention was composed of comprehensive information as well as push notifications

utilizing the exising guidelines for a healthy diet and physical activity ingoeool aged
children(105. The MINISTOP app comprised of 12 themes that change@ékly. The 12

15



themesncluded were: healthy foods in general; breakfast; heattiall meals; physical

activity and sedentary behavior; candy and sweets; fruits and vegetables; drinks; eating
between meals; fast food; sleep; food outside the home; and food at special adeasions
every theme, general information, advice, and strategies were provided to aid the parents in

changing unwanted behaviors. Parents also hgabsbilityt o

record

their chi

intake of fruits and vegetables, sweetened beverages, candltsrshacks, as well as
physical activity and sedentary behavior. At the end of each week the parents received
feedback by means of bar graphs as well as by cdbbiss tlapg ht 0
meant the child was meeting the recommendations; yellow meant the child was close to
meeting the recommendations; red meant the child was far from meeting the
recommendations; and gray meant they have not registergéuamgetens This was a

voluntary function within the app; however t

was highly

i ndi cator s

recommended

register the parameteasleast twice a weeKhese parameters were not being used as
outcome measures and this feature was built into theogppmote motivation and
complianceFurthermore, within the app the parelnésl access to fouveeks of dinner

recipes with grocery lists which were created for kids by a dietician. Finally, the parents also
had the ability to contact a dietician anddsychologist through the app and ask questions
pertaining specifically to their childrigures 2 and 3are screenshots from the MINISTOP

app demonstrating some of the functions.

2

4
| 4

Godis & snacks

6-Basfakta

MINI-STOP

ay
® &

Lask & saft
apy d

° " 2

Stillasittande

Frukt & gront

6-Praktiska tips 6-Strategier

Dag 72 av 168

Frukt och gronsaker
(tema 6)

Kom ihag att ditt barn behover minst en
gronsak och 2-3 frukter varje dag! Du kan
till exempel ha en fruktskal pa bordet sa
ditt barn kan ta en frukt nar han eller hon
ar hungrig.

Avsluta

Tema 6 (1)

Figure 2. The screen shot to the left is the main screen in the MINISPPRrd the image to the right is an
example of a push notification the parents would receive.
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{Tilbaka  Frukt & gront { Tillbaka Registrera

A ANTAL FRUKTER OCH

ANDEL GRONSAKER Mitt barn har étit (ej pa dagis)
FOREGAENDE VECKA
(DAGLIGT MEDEL) 2013-11-07

Frukter (antal)

HHHHH_

229~20 - 6/10 - 13/10 -20/10

Bar (volym dI)
28/9 5/10 12/10 19/10 26/10 2/11 g

Registrera

Gronsaker

Ja

-10- 5 ©
2013-10-29 0 Nej > Noj

Spara

Figure 3. The screen shot to the right is how the parents register the amount pbé&trissand vegetables
their child hasonsumedind the image to tHeft is an example of the type of feedback the parents would
receive at the end of each week.

3.3 CONTROL

The parents of the children in the control group each received sohénd healthy eating,
physical activity, and sedentary behavior for four to fiveryad children. The information
included in the handuts were based on existing guidelines from the National Food Agency
of Sweden(105).

3.4 MEASURES

3.4.1 Anthropometric variables (Papers I, lll, IV, and V)

At baseline, the-6nonth followup, and the 1-nonth followup weight, to the nearest gram,

was measured when the children were wearing underwear using the electronic scale from the
BodPod (COSMED USA, Inc., ConcordACUSA). Height was then measured using a wall
stadiometer to the nearest 0.1cm. Bis calculated as

BMI (kg/m?) = weight (kg)/ height (m§

The cutpoints by Cole et a(62) wereutilizedto classify the childremto weight status
categories. WeigHbr-age and heigHbr-age zscores were also computed using Swedish
reference datél06).

3.4.2 Doubly labelled water method (Papers Il and I11)

Before the final assessmepéarents of the children participating in the nested validation

study (n = 40) were instructed to take two urine samples from their child and bring them with
them to the Linkdping University Hospital. Each child was theergan accurately weighed
dose of stable isotop€8.14g°H,0 and 0.35g kt°0 per kilogram of body weight) mixed

with fruit juice & described in detail in Papérsind IIl. During thefollowing two week
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period parenttook five urine samples (days 1,54,10, and 14)The samples were kept

glass vials with an aluminutimed screw cap and were stored at four degrees Celsius until all
samples were collected and thereafter they were stor2@ degrees Celsius until they were
analyzedThe Finnigan MATDelta Plus Isotop®atio Mass Spectrometer (ThermoFinnigan,
Gothenburg, Swedeif)07) was used to analyze both the pre and post gangles as well

as the dose faH and*®0 enrichmentsThe2H and*®0 dilution space (Np and Ny,
respectivelywere calculated using zero time enrichments obtained from the exponential
isotope disappearance curves that providedHtand!O elimination rates, respectively.

The method by Davies et .08 was used to calculate carbon dioxide production, using the
assumption that 27.1% of the water losses were fractiodiedjuotient between tiy

and theNo was 1.039 + 0.008 fdyoth the 3 children in Paper Il and the 40 children in Paper
.

3.4.2.1 Total energy expenditure

TEE was computefifom carbon dioxide productiamsing the Weir equatiofr8) assuming
food quotient of 0.8%79).

3.4.2.2 Activity energy expenditure

A predicted BMRusing the equations provided in tRerdic Nutrient Recommendations,
which were based on weigf@0) wereused to compute AE&nd PAL The following
equation was used to compute A&fd PAL

AEE (kJ/24hn)= (TEE (kJ/24hr)x 0.9)- BMR (kJ/24hr)

The above equation assumed tiiatary induced thermogenesis corresgohth 10% of
TEE.

PAL = TEE(kJ/24hr)/ BMR (kJ/24hr)

3.4.3 Body composition (Papers I, IV, and V)

3.4.3.1 Isotope dilution

In Papeill body composition was assessed using isotope dilution as described in the section
above TBW and body compositiowerecomputedising the following equations:

TBW =[(Np/ 1.041) + (b / 1.007)] / 2(74)
FFMiso (kg) = TBW / 0.764(72)
FMiso (kg) = weight(kg) - FFMiso (kg)

3.4.3.2 Air displacemenplethysmography

In the MINISTORP trial bdy composition was assessed by meadsd# using the Pediatric
Option for BodPod (COSMED USA, Inc., Concord, CA, USA). Body volume was measured
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using the BodPod aratljusted for surface area artifact and thoracic gas voluoady. B
density washencalculatedas:

Body density = body weiglfkg) / bady volume

Usi ng L BFMudemsityvalue$73) and assuming the density¥ is 0.9007 kg/L
(72) FM% was calculated=Mapp and FFM\op werethen calculated using the following
equations:

FMaor (kg) = (FM%/ 100) x weigh (kg)

FFMaop (kg) = weight(kg) - FMapp (kg)

3.4.3.3 Bioeledrical impedance

Even though previous data has shown good compliance fscho®lchildren sitting in the
BodPod(64), when the MINISTOP trial was plannkbddy composition waalso assessed

using the Tanita S@40 footto-foot bod/ composition analyzer (Tani@@ooperation, Tokyo,
Japanphsabackup measure. hmeasurements were tetted at 50 Hz andhite ¢ FM% d 6 s
was collected using the standard setting after imputingthec d 6 s, arsd @eightFM#4og e
was therpredicted from the Tanit@r the children that refused to be measured in the BodPod
by using prediction equatiowkerived from the children who had body composition assessed
using bothmethodologiesFM and FFM wee then calculated using the aforementioned
equationsEven though results from tmestedvalidation study within MINISTOP confirmed
that bioelectrical impedance is relativelpaturate in praschool childrer{101), this was not

a major issue asnly 12(4%) children refused tbemeasured in the BodBOAs reported in
PaperdV the main findings were not affected the inclusion of thesehildren.

3.4.3.4 Fat mass index and fat free mass index

The FMlapp and FFMAppe were calculated as:
FMIaop (kg/m?) = FMapp (kg) / height (m§

FFMIapp (kg/n?) = FFMapp (kg) / height (mj

3.4.4 Dietary assessment (Papers I, IV, and V)

3.4.4.1 Tool for Energy BalanceniChildren TECH)

The method for assessing diet in the MINISTOP trial was TECH. For this method parents
chose four days when they were home with their child, in the followingn®ek period

after they were at the Linkdping University Hospital. Parents were informed Vianolra
written instructions that they were to take tprotures before and after every food or
beverage their child consumed using their smartphbaehild had a second or third serving
parents were also instructed to take pictures in the same maflmectideswere then sent

to us via SMS or emadlong with somdasic information regarding the food items or
beverages (e.g. fat percentage in milk or yogurt, butter or margarine, or real or diet soda).
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Figure 4 displays an example of what the parentgild send usA trained nutritionist went

through the pictures as soon as possible to ensure they were complete and all information was
provided. If vitalpictures or descriptiongeremissing the parentsvere contactetbr

complimentary information. Atie baseline assessment all families were provided with a

plate, bowl, and cupnd instructed to use these during the measurement period. They were
also given a fiducial marker and asked to include this in all pictures. The china as well as the
fiducial maker were to aid the nutritionists in estimating the amount of foods and beverages
consumed.

Two trained nutritionists reviewed all of the food picturaed aalculated EI (only for Paper

II) as well as the amount of fruitgegetables, candipakery produd, ice cream, fruit juice,
and sweetenedelerages consumed per d&gaperdl, IV, and V) In order to accurately
estimate portion sizes a compendium of pictures, of foods commonly consumed by Swedish
pre-school children in varying amounts was createdgithe standardized china. For bakery
products and frujistandardized weights, which were provided from the Swedish Food
Agency were utilized109. The amount of food (in grams) and bevergdgemilliliters)

were estimated as the difference betwie before and after picturesciuding all servings.
For Papetl, El per day was calculated from the intakes of all foods and beverages via
linkage to the Swedish Food Databfkt0) and the intakes of the eight food and beverage
groups stated above wasemputedHigh inter and intraraterreliability was observ
between the nutritionis(d11).

1.5% milk, sausage, sauce made with full fat creme fraiche and 3% milk

Figure 4. The top two and bottom two pictures are the before and after pictures, respectively and the text is the
information the parents provided about the meal.
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3.4.4.2 24hr dietaryrecalls

The 24hr dietary recalls were usaddapetl to compare intakes of foods and beverages as

no gold standard existBor each of the 40 families participating in the nested validation

study four scheduled telephone dietary re¢all®) were performedising the samdays as
theparents took the food pictures. At the beginning of each interview the parents were told

not to look at any of #nfood pictures they had takemmarents were then asked about their

chil ddos food and beverage consumption from
measures (e.g. deciliters or tablespoons) or descriptive words such as slice (for bread) or

piece (for candy). Information regardirtgettypes of foods as well as the cooking methods

were also collected. EI and the grams for each of the food groups were then calculated using
the same methods as TECH.

3.4.5 Physical activity and sedentary behavior assessment (Papers I, IV,

and V)
The ActiGrafm wGT3xBT accelerometer (ActiGraph Corporation, Pensacola, FL, W)
used to assess physical activity and sedentary beh&téoting the day after the
measurement at the hospital the children wore the monitor on thedtoneoinant wrist for
seven cosecutive days (24hrs peay). The parents were given a log book and they were
asked to record when and why they removed the monitor. The only time they were supposed
to remove the ActiGraph was for any water based activities (e.g. going to the poattbeach
showering/bathing)The ActiGraph was set to collect data at 5@Hd a valid day was when
the child had greater or equal to 600 minutes of awake wea(ZBn&lon-wear time was
accessed using the raw acceleratiaora process that was adapted from Van Heak @4,
113. The Sadeh algorithifi14, 115 was used to classify the worn time into sleep and
awakeperiods.

For Papetll, using the ActiLife software Versiof13.0 (ActiGraph Corporation, Pensacola,
FL, USA)the low frequency filter was used to process the rawidtatdiltered sum of VM

in one second epochs. The mean per minute filtered VM for all worn time (mean VM total)
and mean per minute filtered VM for time classifievagske worn time (mean VM waking)
were then computed and expressed as counts per minute (cpm).

For PapetV and V, again using the ActiLife software (version 6.13.0) the low frequency

filter was usedo process the raw data into the filtered sum of VM in ten second epochs. We

then used the cytoints created by Chandler et@l16) to classify the children into activity

|l evels (sedentary VM < 305 and MVPA VM O 81

3.4.6 Demographic measures (Papers Il, lll, IV, and V)

At the baseline measuremgall parents were asked to fill ind@mographic questionnaire as
well as report their own weight and height.
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3.5 STATISTICAL ANALYSES

3.5.1 Statistical methods

Table 2provides an overview of éhstatistical analyses useddaperdl| throughV (Papen

is not included as it is the study protgcdn all of the studies SPSS version 22 or 23 (IBM,
Armonk, NY, USA) were used to anakythe dataAll statistial tests were twagided using a
5% level of significance.

Table 2. Statistical methods utilized in each study

Paperll Paperlll PaperlV  PaperV

Descriptive statistics X X X X
Paired samplestest X

Wilcoxon signed rank test X

Pearson correlation X

Spearman rank order correlation X

Bland and Altman procedure X

Linear regression X X

Wi | cox o-sumsestr ank X X
Exactlogistic regression X X

3.5.2 Main analyses

3.5.2.1 Paperll

Using paired amples #tests and the Wilcoxon signed rank testan differences between El
and TEE and differences in the mean intakes in the eightfooaghswere assessed,
respectively. The Bland and Altman proced{re?) was used to assess the agreement
between El and TEE by plotting the diffeces between the two methods on thaxys and

the average of the two methods on tkeeis. Linear regressio was then used to test for a
trend between the x and y ax#®r normally distributed and nevormally distributed data
Pearson or Spearman cortilas, respectively were used to assess the relationship between
variables.

3.5.2.2 Paperlll

Multiple linear regression analyses wageed to determine the amount of variation in AEE
and PALthat could be explained by the ActiGraph outputs alone (mean VM totedam
VM waking) and in combination with sex, age, and weahwith sex, age, FFb, and
FMiso.
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3.5.2.3 PaperslV and V

I n a compl et ehred sWiolnd oymsumned svag nssedad testtfor differences
between the intervention group and the corgroupfor the primary outcome (FMbp) and

the secondary outcomes (intakes of fruits, vegetables, candy, and sweetened beverages as
well as time spent sedentary and in MVPA). In secondary analyseswpmsibe scores

were created, a seven component asid eomponent composite score which included all
primary and secondary outcomes and only the secondary outcomes, respectively. For each
component the child received either 1 or O (i.e. meeting or not meetinglafpred goal

based on relevant guidelinesspectively. At all three measurement points, scores were the
sum of the individual coponents with a range from 0 to 7 or O td Be difference in the
composite scores (followp - baselire) werecdculated If a child scored zeror had a
negativescore differenceghis meant the child did not respond to the intervention, whereas a
positive score difference indicated they responded to the intervention. Exact logistic
regression was uséd compute the success rabetween théntervention and cont grougs
andwereexpressed asdds ratios (OR)

In complementary analyses we also investigated whether the intervention was more

successful in the children with a higher RiyH by dividing the children into two groups

using the mediaat baseline (4.11 kgfn Furthermore, potential confounding by parental
socioeconomic position was tested fomugi a st r at i f i-serdtesWisihgc o x on 0 s
parental education (only in Pag®h). Lastly, all analyses were-ran excludinghe 12
childrenwhowere not measured in the BodRodly in PapetV).

In PapeiV, in sensitivity analysese tested the robustness of our detilmg a series of
analyseg118). Firstly, the group specififirst and third quartilewere used to replace

missing data. Secondly, to find the tipping point (i.e. the reversal of the study conclusion for
theseven componerbmposite score) we imputed favorable ealfor the control group

(i.e. one meeting the -defined goal) until the intervention effect disappeared. Lastly, an
extreme approach was used in which eoags in the control group were considered an
intervention success and dropts in the intervention group an intervention failure.
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4 RESULTS

4.1 MINISTOP STUDY POPULATIONS

Table 3 presents the baseline characteristics of the pareniBaduhel 4 displaysthe baseline
characteristics of the childrgrarticipating in tle MINISTOP trial(PaperdV andV). Two

children had corrupt ActiGraph files and were therefore excluded so the total study sample of
the MINISTORP trial was 313 here were no differences observed for the baseline
characteristics between the intervention and control group. At bothntioath and 12

month follow~upsthere were no differencas the baseline characteristiostween the

children that provided complete data and those that did not.

Characteristics of the MINISTOP trial sample in comparison to the whole study gample

all families that vere invited to participate in MINISTORYe provided ifTable 5. There

were no major differences observed between the families that participated and all of the
invited families in regards to the children
however somewhat lower participation rates observed in parents with loa@mies and

those in the lowest age group {29 years). Due to one of the parents needing to be able to

speak or read Swedish sufficiently well in order to participate there was a greater number of
parents born in Sweden (91%) compared to the whole samalyls (75%) participating in the
MINISTORP trial.

Table 3.Baseline charactetiss of the313parents paitipating in the MINISTOP trial.

Intervention (n =155 Control (n =158)
Mothers
Age (years) 36.0+4.1 35.2+4.4
BMI (kg/m?)! 248+ 4.5 23.9+4.2
Education st 74(114) 68 (107)
university degree% (n)
Fathers
Age (years) 38.1+5.1 38.1+5.3
BMI (kg/m?)! 253+ 3.4 25.6 + 3.6
Education st 59(92 55 (87)

university degree% (n)

BMI, Body mass indeXBMI was missing for two mothers and three fathers in the control gtdge. was
missing for two fathers in the control grodjzducation status was missing for one father in the intervention
group and four fathers in the control group.
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Table 4. Baseline characteristics of the 313 children participating in the MINISTOP trial,

given as mean tatbdard deviation or percent (n).

Intervention Control
(n = 155) (n =158)
Sex (female) 45% (69) 47% (74)
Age (years) 45+0.1 45+0.1
Weight (kg) 185+2.6 182+2.4
Weightfor-age zscoré 0.00 +£1.16 -0.13+1.04
Height (cm) 107.6 + 4.2 107.6 + 4.3
Heightfor-age zscoré -0.03 £ 0.97 -0.03 £ 0.97
BMI (kg/n?)? 159+ 15 15.6+ 1.2
Waist circumference (cr) 53.7+3.9 53.3+34
Fat masg%) 26.4+4.4 25.7+43
FMIapp (kg/nr) 4.23+0.97 4.04 +0.84
FFMIapp (kg/nP) 11.69+0.98  11.60 +0.94
Fruit intake (grams/da$)) 107 + 72 103 + 81
Vegetable intake (grams/déay) 64 + 46 55+41
Candy intake (grams/déy) 14 +18 12 +16
Sweetenetheverage intake (ml/déy) 69 +72 54 + 69
Sedentary time (minuté&ayy A77 + 49 479 + 55
MVPA (minutes/day) 101 + 26 100 + 25

BMI, Body mass index; FMbp, Fat mass indemeasured using air displacement plethysmographiloe,

Fat free mass indexeasured using air displacement plethysmogra@dWPA, Moderateto-vigorous physical
activity. * Calculated using Swedish reference qa®). 2Overweight and obese in the intervention group (n =
14, 9%; n = 3, 2%respectivelyand control group (n = 10, 6%; n =0L6% respectively(62). *The number of
children in the intervention and control group with waist circumference wasnti5658, respectively.The
number of recording days for the dietary components was 3.8 + 0.5 (intervention) and 3.7 + 0.6. &bmérol)
number of recording days for physical activity were 6.7 + 0.8 (intervention) and 6.4 + 1.3 (control).
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Table 5. Characteristics of thahole study sample (parent or guardiathat received the invitation letter) and the MINISTOP sample (parent or
guardians that participate in the MINISTOP trial with their child).

Whole studysample

(n = 3368
% (95% CI

MINISTOP sampl

(n =315
% (95% CI

Child sex

Child country of birth

Child residence

Parent or guardian, Age

Parent or guardian, tountry of birth

Parent or guardianincomé

Male
Female

Swedel
Othel

Main cities

Suburb:

Larger citie:

Smaller cities or countrysi

207 29 year.
3071 39 year:
407 49 year.
5071 59 year:
6071 69 year

Swedel
Othel

None

51.4 (49.7, 53.
48.6 (46.9, 50.:

95.3 (94.6, 96.(
4.7 (4.0, 5.4

68.5 (67.0, 70.’
3.0 (2.4, 3.5
7.4 (6.5, 8.2

21.1 (19.8, 22.¢

8.7 (7.8, 9.7
54.8 (53.1, 56.
32.7 (31.1, 34.:

3.4 (2.8, 4.0

0.4 (0.2, 0.6

76.7 (75.3, 78.]
23.3 (21.9, 24.

6.1 (5.3, 6.9

53.0 (47.5, 58.t
47.0 (41.5, 52."

98.1 (96.6, 99.¢
1.9 (0.4, 3.4

70.5 (65.4, 75.
2.9 (1.0, 4.7
5.1(2.7, 7.5

21.5 (17.0, 26.

2.5 (0.8, 4.3
59.7 (54.3, 65.
35.3 (30.0, 40.

2.2 (0.6, 3.

0.3 (0.0, 0.

91.4 (88.3, 94.t
8.6 (5.5, 11.7

0.6 (0.0, 1.5
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Very low 12.4 (11.2, 13.t 4.1(1.9,6.2
Low 8.7 (7.7,9.7 5.7 (3.2,8.3
Middle 17.8 (16.5, 19. 11.2 (7.6, 14.€
Middle/High 24.9 (23.5, 26.¢ 27.6 (22.7, 32.¢
High 30.1 (28.5, 31.¢ 50.8 (45.3, 56.:
Parent or guardian, age
207 29 year. 17.4 (16.1, 18.¢ 7.9 (5.0, 10.€
307 39 year 63.3 (61.7, 65.( 75.6 (70.8, 80.:
407 49 year: 13.8 (12.6, 14.¢ 14.9 (11.0, 18.¢
5071 59 year 0.0 (0.0, 0.0 0.0 (0.0, 0.C
Unknowr? 5.5 (4.7, 6.3 1.6 (0.2, 3.C
Parent or guardian, 2ountry of birth
Swedel 73.3(71.8, 74.¢ 91.1 (88.0, 94.:
Othel 21.1 (19.7, 22.* 7.3 (4.4,10.2
Unknowr? 5.6 (4.8,6.4 1.6 (0.2, 3.C
Parent or guardian thcome
None 6.3(5.5,7.1 1.3(0.0, 2.5
Very low 16.8 (15.5, 18.( 8.9 (5.7, 12.C
Low 14.8 (13.6, 16.( 16.2 (12.1, 20.:
Middle 22.6 (21.2, 24.( 26.0 (21.2, 30.¢
Middle/High 18.1 (16.8, 19. 20.0 (15.6, 24.«
High 15.8 (14.6, 17.( 26.0 (21.2, 30.¢
Unknowr? 5.6 (4.8,6.4 1.6 (0.2, 3.C

Cl, Confidence intervalt We also use the word guardian since this information was obtaine®&fatisticsSweden where guardians are formally registered. The guardian is a parent or
other caretaker. Parent or guardian 2 is the oldest guardian as defined by Statistics Snenl®e. per year categorized as very low {24999 Swedish crownjs low (125 006G

199999 Swedish crowns middle (200 006 279999 Swedish crownsmiddle/high (280 000369999 Swedish crownshigh (>370 000 Swedish crownsjFor 188 children inre

whole study sample, only one guardi@as registered at Statisti€sveden. This is the case if one parent has single custody or the father is unknown. Thus, we lack information on
country of birth and income on 188 guardians. For 3 of these 188 chiatisticsSweden had a personal number, and thus age is only lackil@sfguardias.
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Thedescriptivecharacteristicef the children and parents participating in the nested
validation studiesor TECH (Papeill) and the AtiGraph wGT3xBT (Papeirll) are

displayed inTable 6.

Table 6. Descriptive statistickor theparticipating childenand parents in Papdisand 111 (n

= 40)%.
Characteristics Mean = SD
Children
Sex (femaleYo (n) 45% (18)
Age (years) 55+0.2
Weight (kg) 205+4.2
Weight for age scoré -0.05 + 1.55
Height (cm) 1142 +4.4
Height for age &coré 0.00 +0.90
BMI (kg/mP)? 15.6 + 2.3
Parent, mothers
Age (years) 36.3+4.2
BMI (kg/m?) 24.3 4.0

Educati on

Parent, athers

status ((nod

72.5% (29)

Age (years) 38.2+49
BMI (kg/m?d 253+ 3.6
Education status O 65.0% Q6)

BMI, Body mass indexSD, Standard deviatidrOne child did not provide all information the TECH
validation(Papeill), therefore that study included only 39 childretCalculated using Swedish reference values
(106). 3One (2.5%) and two (5%9) children were classified as overweight and obese, respe¢taely
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4.2 TECH VALIDATION (PAPERII)

MeanEl assessedsing TECH (5820 + 820 kJ/24hwas not statistically different from TEE
assessed usitge DLW method(6040 +680 kJ/24hy (P = 0.064). The Bland and Altman

plot for EI (TECH) and TEE (DLW) is shown Figure 5. The limits of greement (2 SDs
werewide demonstrating that TECH is not ideal for assessing El in individuals. However,

there was no association obsmhbetween the average and the difference of El and FEE (
0.189), demonstrating there was no systematic bias (i.e. there was no trend that the difference
between El and TEE differed across the various El levels).
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Average of energy intake (TECH) and total energy expenditure

Figure 5. A Bland and Altman plot 039 5.5 year old children showing energy intake (El) (Tool for Energy
Balance in Children, TECH) and total energy expenditure (TEE) (doubly labelled vaW). The average El
(TECH) minus the avage TEE (DLW) was220 kJ/24hand the limits of agreeme(? standed deviations)
was 1540 kJ/24hRegression equation: y = 0.253k733 (r = 0.215P = 0.189).

For the eight food categories assessed there were no significant differences observed between
the mean values determined using TECH and 24hr dieteajls P-values: 0.087 0.728)
and significant correlations ranging from 0.665 to 0.89&@thlues <0.001) were found.

Table 7 provides theaveragentakes of each dhe eight bod categories using TECH and
24hr dietary recallsFigure 6 presentshe Bland and Altman plots for each of the categories
and compares thatakes assessed using TECH and 24hr dietary relealigll plots there
were wide limits of agreement. Only one trend was observed, for sweetened beverages
between the average andfelience of the two methods (rha®333,P = 0.038).
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Table 7.Average intake of the eight food groups estimated using TECH and 24hr dietary
recalls (n = 39).

Food intakegg/day) TECH 24hr dietary recall$
Fruit 103 £ 65 110+ 76
Vegetables 64 £ 49 67 £52
Fruits and vegetablgs 230 +138 227 + 148
Fruit juice 56 £ 73 46 £ 89
Sweetened beverages 77 £93 90 + 93
Candy 19+ 22 15+ 16

Ice cream 12 +19 11+15
Bakery products 19+ 14 18+ 16

TECH, Tool for Energy Balance in ChildrehNumber of recorded days using TECH: four days (n = 31, 79%);
three days (n = 7, 18%); and two days=(1, 34). 2 Number of food days using 24hr dietary recalls: four days
(n =27, 70%); three ga (n = 6, 15%); two days (n = 4,%); and one day (n = 3%).3 Fruits and vegetables

is the sum of all the fruits, vegetables, and fruit juice consumed.
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candy, ice cream, and bakery products.
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4.3 ACTIGRAPH EVALUATION (PAPER III)
Table 8presents the body composition, energy edjgare, and ActiGraph outpsiforthe 40

participating childrenThe iesults of the regression analysehen AEE is included as the

dependent variable and mean VM tateimean VM waking as well as sex, age, weight, or

FFMiso and FMso are included as the independent variables are presenfatlle9. Alone

mean VM total (model 1A) and mean VM waking (mib&a) were able to explain 14.3% (
= 0.009) and 23.5%°(= 0.001) of the variation in AEE, respectively. When sex, age, and
weightwere added into the modglmodels 1B and 2BJightly more of the variation in AEE

was explained for mean VM total (14.7%5 0.048) and mean VM waking (26.0%z=
0.005). If weight was substituted lBFMiso and FMso (modek 1C and 2C) 57% (P <
0.00]) and 624% (P < 0.001) of the variation in AEE was explained when using mean VM
total and mean VM waking, respectively.

Table 8.Body composition, energy expenditure, and ActiGraph outputs of the children
participating inPapeill (n = 40).

Characteristic Mean +SD
FMiso (kg) 54+27
FFMiso (kg) 15.1 + 2.0
TEE (kJ/24hrs) 6040 + 680
AEE (kJ/24hrs) 1465 + 432
BMR (kJ/24hrs) 3970 = 400
Valid days 6.8+ 0.6
Mean VM total (cpm) 3128 + 624
Mean VM waking (cpm) 4732 £ 702
Awake worn timgmin/day) 879+ 42
All non-wear time (min/day) 81 +102

SD, Standard deviatiofMso, Fat massneasured using isotope dilutidfFMso, Fat free masseasured using
isotope dilution;TEE, Total energy expenditure; AEE, Activity energy expenditBMR, Basal metabolic rate;

Mean VM total, Daily mean of total filtered vector magnitude units dusiegy time; Mean VM waking, Daily
mean of waking filtered vector magnitude units; cpm, Counts per minhte.v a | i d
minutes of awke wear timg23). 2 Non-wear time was high as one male child did not wear the monitor at night.
Analyses wereun with and without this child and no differences were found.

Compliance to the ActiGraph protocol was good with:

= =4 =4 A

85% (n = 34) wearing it for seven days
10% (n = 4) wearing it for six days
2.5% (n = 1) wearing it for five days
2.5% (n = 1) wearing for four days

day was

33

define



Table 9. Regression models for activity energy expenditarel mean VM total and mean VM waking obtained using the ActiGraph (n = 40)

Model Independent Intercept Unstandardized P Adjusted R SEE P model
variables Beta
1A Mean VM total 585.7 0.281 0.009 0.143 400 0.009
1B Mean VM total -1005.8 0.267 0.014 0.147 399 0.048
Sex -212.1 0.108
Age 333.0 0.457
Weight 5.59 0.717
1C Mean VM total -1273.9 0.213 0.007 0.576 281 <0.001
Sex 114.1 0.286
Age -79.03 0.806
FFMiso 200.7 <0.001
FMiso -125.5 <0.001
2A Mean VM waking -5.84 0.311 0.001 0.235 378 0.001
2B Mean VM waking -1570.2 0.308 0.001 0.260 372 0.005
Sex -232.4 0.059
Age 328.7 0.430
Weight 5.43 0.705
2C Mean VM waking -1655.8 0.230 0.001 0.624 265 <0.001
Sex 76.18 0.450
Age -49.17 0.871
FFMiso 187.7 <0.001
FMiso -117.4 <0.001

Mean VM total, Daily mean of total filtered vector magnituchits during wear time; Mean VM waking, Daily mean of waking filtered vector magnitude unitsd;Fist free mass
measured using isotope dilutidfiMiso, Fat massneasured using isotope dilutid®EE, standard error of estimate for the model; cpm, Cpentsinute !Activity energy expenditure

(kJ/24hr), dependent variabindependent variable unitslean VM total (cpm), Mean VM waking (cpm), Age (years), Weight (kg), E5kg), andFMso (kg).
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4.4 6-MONTH FOLLOW-UP INTERVENTION RESULTS (PAPER 1V)

4.4.1 Efficacy of the intervention

Table 10displays the differences betwettie 6monthfollow-up and baseline for the
primary and secondary outcomes for both the intervention and control groups. kog,FMI
the primary outcomehere was no differencgbservedetweerthe values at the-onth
follow-up and baseline between the groups (mean differe®€& kg/ni, P = 0.922). For the
secondary outcomes, there was only ageificant difference observed, which was for
sweetened beveragegere the interventiogroup significantly decreased their intake in
comparison to the control group £ 0.049). A significant increase in FFAdb was also
observed in the intervention group comparcethe control group betwedine 6month
follow-up and baseline (mean diféerce: +0.14 kg/f@ P = 0.038).

Table 10 Differences betwee&-monthfollow-up and baseline in body composition,

dietary, and physical activity variables for the intervenéiod control group

Characteristics Intervention(n = 143) Control(n = 138) P-valué
Mean + SD Mean + SD

Weight (kg) +1.42 +0.81 +1.26 + 0.61 0.432

Height (cm) +4.29 + 1.08 +4.32+1.16 0.715

FMIapp (kg/n) -0.23 +0.56 -0.20 + 0.49 0.922

FFMlaop (kg/n?) +0.15 £ 0.55 +0.01 £ 0.53 0.038

Sedentary time +3.6 £48.0 -1.6 £55.0 0.179

(minutes/day)

Sedentary time (%vear -05+49 -0.6 £5.0 0.385

time)y

MVPA (minutes/day) +9.3+24.2 +9.8+22.2 0.589

MVPA (% wear time§ +0.9+ 2.8 +1.1+25 0.394

Fruit (grams/day) +2.9+78.9 -12.1+£87.9 0.262

Vegetables -6.7+42.1 -3.6 +39.7 0.538

(grams/day)

Candy (grams/day¥) -0.7+19.9 +3.1+18.5 0.106

Sweetened beverages -12 £ 85 +8 £ 83 0.049

(ml/dayy

SD, Standard deviation; FivHe, Fat mass inek measured using air displacement plethysmograpiaoe,

Fat free mass index measured using air displacement plethysmodvaffP¥; Moderateto-vigorousphysical
activity.! Difference between intervention and control gmimthe mean change from baseliassessed using
the Wilcoxon ranksum test? The numbenbf recording days for physical activitythe 6 monthfollow-up were
6.4 + 1.3 (intervention) and 6.6 = 1.0 (contrélfhe number of recording days for foodtzt 6monthfollow-
up were 3.7 £ 0.6 (intervention) and 3.7 £ 0.6 (control).
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The severtompaent compositecoreqi.e. including primary and secondary outconas)
displayed inTable 11 At the 6month followup the intervention group significantly
improved theilseven componerbmposite scordifferencein comparison to the control
group P =0.021 between grogp. The OR for increasing the sev@mponent composite
score for the intervention group compared to the control group was 1.4 @fi#ence
interval ClI): 0.92, 2.42P = 0.11). However, the OR fancreasing the sikomponent
compaite score (including only secondary outcomes, i.e. excludingdsMbr the
intervention group compared to the control group was 1.99 (95% CI: 1.20P3:3D008).
The main drivers for the significant changes in the composite sevethe intakes of fruits
and vegetables.

Table 11 Seven component composite sclaethe intervention (n = 143) and control (n =
138) group at baselineand after the -Bnonthfollow-up.

Intervention Control
Baseline 6-month Baseline 6-month
follow-up follow-up

Composite scofe 352+1.27 3.89+137 3.65+135 359+1.49
Difference in composite +0.36 +1.47 -0.06 +1.33
scoré
+1 or more in score 42.7 33.3
difference (%)
0 in score difference (%) 32.2 32.6
-1 or less in score differenc 25.1 34.1
(%)

1Seven component composite score. [includes the scores for: fat mass inafesasured by air displacement
plethysmographyintake of fruits, vegetables, candy, and sweetened beverages, as well as rimdigateus
physical activity and sedentary behaviéi)ifference in composite score was calculated as the difference
between the composite score at thadnthfollow-up and at baselinéThe percentage of children that

increased their composite score by one or more which is defined as a successful response to the intervention.
4The percentage of children that had no change in their composite score which @& aefineunsuccessful
response to the interventioflThe percentage of children that decreased their composite score by one or more
which is defined as an unsuccessésponse to the interventid&tatistically significantly different thatie
corresponthg valuein the control groupR = 0.02)), tested using the Wilcoxon raiskim test

4.4.2 Complementary analyses

The severtomponent composite scores for the children with a higher or lowepF st
baselineare presented ihable 12 For children with a higér FMIapp, those in the
intervention group had a statistically ifgcant improvement in their seveemponent
composite score compared with their counterparts in the control d?euf.019). There
were no gynificant differences in the sevenmponentomposite score observed for the
children with a lower FM{pr between the intervention and control groBp=(0.506).
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After adjustment for potential confounding by parental education the significant wiiéeire
the severtomponent composite score betwésnintervention and control group remained
(P = 0.019).When excluding the 12 children who had their body composition assessed by
bioelectricalimpedance instead of the BodRall resultsremained unchanged.
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Table 12 Seven conponent omposite scofecomparison for the children witigher and lower FMbe for the intervention group (n =
143) and control group (n = 138) at baseline artde 6-monthfollow-up.

Intervention Control
Baseline 6-month Dllow-up Baseline 6-month Dllow-up

Lower Higher Lower Higher Lower Higher Lower Higher

FM|ADP6 FM|ADP6 FMlADP6

FMIapp® FMIapp® FM!app® FMIapp® FMIapp®

(n=75) (n=68) (n=75) (n=75) (n=63)

Composite scofe +3.12 + +4.01 + +3.77 + +3.76 + +3.40 +
1.23 1.38 1.37 1.27 1.70

Difference in +0.04 + +0.65 + -0.13 + +0.03 +
composite score 1.51 1.38* 1.34 1.33
+1 or more in score 33.8 50.7 26.7 41.3
difference (%)
0 in score difference 324 32.0 40.0 23.8
(%)
-1 or less in score 33.8 17.3 33.3 34.9

difference (%)

FMIlapp, Fat mass indemeasured usindisplacement plethysmograph$even component composite score (i.e. includes the scores fappFivilake offruits,

vegetables, candy, and sweetened beverages, as well as mtmaeigdeous physical activity and sedentary behaviddjfference in composite score was

calculated as the difference between the composite score atiitiéfollow-up and at badime. 3 The percentage of children that increased their composite score

by one or more which is defined as a successful response to the intervditmpercentage of children that had no change in their composite score which is defined
as an unsuccessfresponse to the interventidimhe percentage of children that decreased their composite score by one or more which is defined as an unsuccessful
response to the interventidiLower is characterized by all ofdfthildren with a FMipp equal or less than the median and higher is characterized by &l of th

children with a FMApp greater than the median (median = 4.11 Kpahbaseling Statistically significantly different thate correspondig value in the control

group P = 0.019)tested using the Wilcoxon rarskim test
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4.4.3 Sensitivity analyses

At the 6month followup very few children had missing values or droppatd The reasons
for missing values were: the child refusing to wear the Actib(a = 10; parents not
supplying compte food pictures because of time constraints (n thd)child missing both
food pictures and the ActiGraph due to time constraints (nmigsing body composition (n

= 1); and corrupt ActiGraph data (n = Zhe reasons cited for dropping out wereklaf

time (n = 12); family issues (n = 2); ando@ating to a new city (n = 1). Due to these reasons
none of the missing values or dropts were considered to be connected to the intervention
and thus would probably tbias the results. Wen we imputethe first and third quartile
values the obtained results were similar. For example, when imputing the first quartile for
missing values the intervention grompcomparison to the contrgroupsignificantly
decreased their intake of sstened beverageslb + 83 ml/day vs. +4 + 8hl/day,
respectivelyP = 0.041) and increased their sew®mponent composite score (+0.32 £ 1.44
units vs.-0.12 £ 1.29 units, respectively,= 0.008). When imputing the third quartile for
missing values the intervention gpiun comparison to the contrgioupsignificantly
decreased their intake of sweetened beverafi@s(83 mi/day vs. +12 + 8il/day,
respectivelyP = 0.016);however their increase in the seveamponent composite score

was no longer significant (+0.331.46 units vs. +0.02 £ 1.30 units, respectivBly, 0.082).
Table 13presentshe tipover analysis for the seveomponent composite score.
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Table 13 Sensitivity analysis using intentido-treat to identify the tippingoint that reverses our conclusions for the seven component composite score

Scenario

Assumptions for handling missing values

Difference in composite score betwes P-valué

6-monthfollow-up and baseline

Intervention Group Control Group InterventionGroup  Control Group
(n =155) (n = 158)
1) Tipping point All children (n = 12) with 25% of children (n = 5) with +0.34 £ 1.42 -0.02 +1.26 0.042
missing values treated as  missing values treated as failure
failures in response to the and 75% of children treated as
intervention succesgn = 15) in response to th
intervention
2) Conservative All children (n = 12) with 50% of children (n = 10) with +0.34 £ 1.42 +0.02 £ 1.27 0.081
missing values treated as  missing values treated as failure
failures in response to the and50% of children treated as
intervention success (n = 10) in response to f
intervention
3) Extreme All children (n = 12) with All children (n = 20) withmissing +0.34 £ 1.42 +0.08 + 1.30 0.238
conservative missing values treated as values treated as success in

failures in response to the
intervention

response to the intervention

! Difference between intervention and control gmimpthe mean change from baseliassessed usititge Wilcoxon ranksum test
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4.4.4 Process evaluation

All parents (n = 156) in the intervention group were able to download the MINISTOP app

and everyone except two read messages and registered parameters. Sixty percent of parents

reported using an iOS operating system. Throughout tive @ntervention period the parents
reported no technical issud@able 14presents the parentstiatty within the MINISTOP app

with the activity within the app differing greatly between parents.

Tablel4dPar ent sd us and r ec applcationdrs 158 i t hi n

Variable nt  Median 25 75" Range
percentile  percentile

Number of feedback 153 87 18 116 0-140
messages read
Number of days candy 147 59 16 134 0-168
registration
Number of days sweetenec 147 53 15 130 0-168
beverageegistration
Number of days sedentary 147 56 18 130 0-168
behavior registration
Number of days fruit 147 58 21 131 0-168

registration

!Parents of two children only downloaded theliagtion but did not use it at all and hence the maximum n is

155
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4.5 12-MONTH FOLLOW-UP INTERVENTION RESULTS (PAPER V)

The differences between the-anth followup and baseline measures for body
compositon as well as the dietary and physical activity variables are presentablen15

For the primary outcome, FiWHp, there was no signiéant difference in the change between
the 12month followup and baselinebservedetween the intervention and control groups
(mean difference: +0.06 kgfiP = 0.566).Furthermore, aothersignificant differences

were observed betwedme intervention or control group fany of the secondary outcomes.
However, the intervention group increased their FfgMin comparison to the control group
between the Ehonth followup and baseline (mean difference: 0.14 KgRre 0.050).

Table. 15 Differences between the 4A@onthfollow-up and baseline fdyody composition
dietary, and physical activity variables for the intervenéind control group

Difference between téhonth followup and
baseline

Intervention(n = 133) Control(n=130)  P-valué

Mean + SD Mean + SD
Weight (kg) +2.61+1.22 +2.34 £ 0.95 0.078
Height (cm) +7.53+1.61 +7.60+1.41 0.251
FMIapp (kg/n?) -0.76 £ 0.66 -0.82 £ 0.57 0.566
FFMlaop (kg/n?) +0.70 £ 0.67 +0.56 + 0.58 0.050
Sedentary (min/day) +13.8+51.4 +7.9+ 58.4 0.218
Sedentary time -0.3+£5.1 -0.5+£5.6 0.434
(Ylwear time)
MVPA (min/dayy +14.6 £ 25.5 +15.8 +24.9 0.434
MVPA (%/wear +1.3+2.8 +1.6+238 0.383
timey
Fruit (g/day¥ +4.3+81.2 -10.0 £ 84.5 0.172
Vegetables (g/day) +59.5+42.8 +51.3+ 39.9 0.099
Candy (d/day) +1.3+23.3 +3.9+18.2 0.234
Sweetened beverage -4 + 100 +9+ 128 0.708
(ml/dayy’
Composite Scofe +0.53+ 1.49 +0.35%+ 1.27 0.248

SD, Standard deviation; FivHe, Fat mass indemeasured using air displacement plethysmograpwiaoe,

Fat free mass indexeasured usingradisplacement plethysmographyVPA, Moderateto-vigorous physical
activity. : Difference between intervention and contraupw assessed using Wilcoxosank-sum test? The
number of recording days for physical activity at baselinetlzed2monthfollow-up were: 6.8 £ 0.8 and 6.5 +
1.1 (intervention) and 6.4 + 1.2 and 6.5 + 1.1 (control), respectiVEe number of recording days for food at
baseline anthe 12monthfollow-up were 3.9 + 0.5 and 3.6 £ 0.8 (intervention) and 3.8 £ 0.5 and 3.7 + 0.6
(control), respectively*Includes the scores for FiMie, the intakes of fruits, vegetables, candy, and sweetened
beveragesas well asviVPA, and sedentarme.
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There was no signifant difference found for the seveomponent composite score between
the intervention and the control group (3.53 £ 1.27 units vs. 3.61 + 1.26Rmi479
between groupsespectively) at baseline. At the-tifbnth followup the intervention group
and control group increased theaven componerbmposite score by +0.53 + 1.49 units
and +0.35 £ 1.27 unitsespectivelyi.e. difference in change from 4@onth followup ard
baseline) howeverthey were not significantly differenP(E 0.248). The OR for increasing
the severand sixcomponent composite score for the intervention group compared to the
control group was 1.26 (95% CI: 0.77, 2.84; 0.357)and 1.38 (95% CD.84, 2.28P =
0.210), respectivelyWhensplitting the children into those with a higher and lower kvl
(based on the baseline median), no significant differandég changegin the seven
componentomposite scoswere found P-value between grougsr a higher FMApp =

0.264 andP-value between groups for a lower Ky = 0.616).

43






5 DISCUSSION

This thesis incorporates two validation studies for diet and physical activity as well as three
articles describing the methoasd result$6- and 12month followups of a unigue mHealth
obesity prevention program in four year old children.

5.1 VALIDATION STUDIES

Even though a leveling off in the obesity epidemic has been observed for children and
adolescents in many countriesand the globgthe levels are still the highest they have ever
been(8). Therefore, there hdmeen a major push for research in childhoweerweight and
obesity investigating causality, prevention, and treatr@@nivith the last two being
highlighted in the World Health Organizatid@Commissiorior Ending Childhood Obesity

(2). In order for obesity prevention and treatment interventions to work effectively, valid
instruments are needed in order to accurately measure obesity related behelviassoset
and physical activity.

5.1.1 Validation of TECH

Dietary assessment methods utilizing images taken by the subject can be divided into two
classes, imagassisted and imagemsed methods. Imagesisted methods are those that use
images to aid convewtnal dietary assessment methods in regards to serving size estimations
or in the recollection of foods/beverages consumed but not reported - hase methods

are those that use images as the main approach to collect data on dietary intake and can be
either active (i.e. the subject taking the picture) or passive (i.e. a wearable device is taking
pictures automaticallyj119. In regards to this classification system TECH would be
considered an active imatpased method as pictures taken by the parentstinereain

approach to collect dietary data with supplemental information being provided in writing (e.g.
the fat percentage in milk or yogurt).

5.1.1.1 Main findings and interpretation

El measured using TECahd TEEassessed usitge DLW methoddid not differ

significantly andhe mean differenc&rasminimal at-4% (-220 kJ/24hr)Furthermore, o
systematic error was observed for El (TECH) across Eldend¢he Bland and Altman plot
however, wide limits of agreement were obsenexldate, te only other study that has
validated a mobile phone based dietary assessment method g3tV methodin pre
school aged children is Henriksson e{(&F). In that study TECH was usénlassess El

under one day in 30 three year old children and they found a highediffeeence (+7%,

+330 kJ/24hr), larger limits of agreement (2%9R4hrvs. 1540 kJ/24hr in the present
study), as well as systematic bias showing that TECH overestiraatl underestimated high
and low Els, respectivelyrhe authors attributed the observed bias to be due to only having
one day of food recording87), which is sensible aBECH showed noias when multiple

days of recordings were obtainedhe preserstudy Compared to other studies that have
evaluated EI using traditional dietary assessment methods the mean difference observed in
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our study was similar or lower than the majoritystufdies that haveslen conducted in young
children(range:-6 to 59%)(108 120-126). Furthermore, the wide limits of agreement found
in this study, which demonstrate that TECH should natdeel in individuals is common and
has been found in both young child(@08 120-124) and adult¢83). The wide limits of

agreement are expected as there is greater variation in El from day to day than (b2 JEE

Compared to El where TEE assessed usia@LW methodis the gold standard, no such
standard exists when validating groups of foods. In regards &gt food groups assessed

there were no differences in mean values between TECH and the 24hr dietary recalls and
only one trend was found in the Bland and Altman plots, which was for sweetened beverages.
Only one other study has usemBland and Altma methodto analyze food groups and they

also observed wide limits of agreemamnpre-school childrer{128). Togetherthese results
indicatethat TECH has the ability to determimeanEl as well as mean intakes famost

all of the food groups an unbiased manner.

5.1.1.2 Movemenwithin the field

As two reviews have found that the majority of participants prefer mobile dietary assessment
methods over traditional metho(&5, 86) furtherresearch withirthis aea is highly

warranted. The majority of studies to date have used a tramadgst usudly a nutritionig or
dietician to estimate the amount of food and beverages congiff8:d-rom our experience
within the MINISTOPtrial this can be a very time consuming process with a four day
analysis taking between four to six hours per child depending on the compladiihe

amount of food pictures, which highlights the need for automated analysis systems.
Therefore, a mukdisciplinary team of researchers in the United States createtbttike
device food record, which ischetary assessment method that usesitonsted system to
identify foods and estimate portion siZ&49, 129. The application works by subjects taking
pre and post meal pictures within the app and sending thempoottessing serveof

analysis. The automated analysis is then perfolfi@@d and the analyzed images #nen

sent back to the subjegthere they are supposed to confirm or change the identification of
the food productél19). As technology continues to develop automated analysis of food
pictures will hopefully aid in more accurately assessing dietary iakesll as reducing the
burden on researchers.

It is relevant to nte that our research group begeorking with engineers in 2011 to develop
an automated image analysis system for the MINISTOP trial. This work resulted in a
prototype for a software calldebodlQ presented in a master thé$zl); however, as
experiencedrbm other researchrgups in thidield such as Pralssor Carol Boushey
(http://www.uhcancercenter.org/abewg/2directory/62caroljo-bousheyphd), developing a
software with sufficient accuracy and precision for all possible foods and dishes is very
complex, timeconsuming, and associated with high costerefore, nfortunately we were
not able to finalize the software in time for use within tH&IBTOP trial. However, this
previous work may be built upon for future trials.
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