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Abstract

Background: Childhood obesity is an increasing health problem globally. Overweight and obesity may be
established as early as 2–5 years of age, highlighting the need for evidence-based effective prevention and
treatment programs early in life. In adults, mobile phone based interventions for weight management (mHealth)
have demonstrated positive effects on body mass, however, their use in child populations has yet to be examined.
The aim of this paper is to report the study design and methodology of the MINSTOP (Mobile-based Intervention
Intended to Stop Obesity in Preschoolers) trial.

Methods/Design: A two-arm, parallel design randomized controlled trial in 300 healthy Swedish 4-year-olds is
conducted. After baseline measures, parents are allocated to either an intervention- or control group. The 6- month
mHealth intervention consists of a web-based application (the MINSTOP app) to help parents promote healthy eating
and physical activity in children. MINISTOP is based on the Social Cognitive Theory and involves the delivery of a
comprehensive, personalized program of information and text messages based on existing guidelines for a
healthy diet and active lifestyle in pre-school children. Parents also register physical activity and intakes of candy,
soft drinks, vegetables as well as fruits of their child and receive feedback through the application. Primary outcomes
include body fatness and energy intake, while secondary outcomes are time spent in sedentary, moderate, and vigorous
physical activity, physical fitness and intakes of fruits and vegetables, snacks, soft drinks and candy. Food and energy
intake (Tool for Energy balance in Children, TECH), body fatness (pediatric option for BodPod), physical activity
(Actigraph wGT3x-BT) and physical fitness (the PREFIT battery of five fitness tests) are measured at baseline, after
the intervention (six months after baseline) and at follow-up (12 months after baseline).

Discussion: This novel study will evaluate the effectiveness of a mHealth program for mitigating gain in body
fatness among 4-year-old children. If the intervention proves effective it has great potential to be implemented
in child-health care to counteract childhood overweight and obesity.

Trial registration: ClinicalTrials.gov NCT02021786; 20 Dec 2013.
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Background
According to the World Health Organization, childhood
obesity is one of the most serious public health chal-
lenges of the 21st century [1]. Evidence-based prevention
and treatment programs are required in order to coun-
teract this increased prevalence of childhood overweight
and obesity. An important consideration is at what time
period in life such actions ought to be initiated. Previously,
a high body weight in relation to height was not consid-
ered to be a problem in pre-school children (2–5 years)
[2], however, this point of view is now challenged [2,3].
Children who are overweight during their pre-school years
tend to remain overweight throughout childhood and ado-
lescence [4-6]. Thus, development of treatment and pre-
ventive interventions addressing overweight and obesity
are justified among young children [7,8]. Despite this, the
evidence base for effective interventions in this age group
is still very limited [8-10].
For behavioral treatment of obesity interventions, face-

to-face sessions have traditionally been the preferred
mode of delivery. Such approaches are expensive, diffi-
cult to scale up, and require transportation to hospitals
or primary health care units. In adults, the use of pro-
grams based on mobile phone technology for delivering
behavior change interventions (mHealth) has attracted
increased research interest e.g. [11,12]. The benefits of
mHealth interventions include that they can be delivered
anywhere at any time, participants are not required to
attend a clinic and they provide opportunities for inter-
activity and tailoring to specific groups. Several reviews
have also concluded that mHealth programs may be use-
ful for achieving changes in behavior and weight loss
[13-16]. However, no study to date has evaluated a
mHealth solution to counteract overweight and obesity
in pre-school children.
In intervention studies, the use of an appropriate

measure to identify overweight and obesity is important.
Previous studies have commonly used BMI e.g. [17-20],
however this does not provide any indication of body
fatness in young children [21]. Variations in BMI have
been reported to only explain 15% of the variation in
body fatness in 4-year-olds [22]. Until recently, simple
and accurate estimates of body fatness have been difficult
to obtain. However, equipment based on the principle of
air-displacement plethysmography [23], which for some
time has been available for adults and infants, also became
available for 2 to 6 year olds in 2011 [24]. In a recent pub-
lication using this equipment, we reported that healthy
Swedish 4-year-olds contained on average 25.2 (boys) and
26.8 (girls) percent body fat, and this figure is in fact al-
most 60% higher than the reference values for body com-
position at this age presented by Fomon et al. [25].
Clearly, although cut-off criteria for optimal body fatness
in young children have yet to be established, this fact
illustrates that preventive strategies to counteract further
increase in body fatness in children are motivated.

Aim
The aim of this paper is to report the study design and
methodology of the MINSTOP (Mobile-based Interven-
tion Intended to Stop Obesity in Preschoolers) trial. The
overall goal of MINISTOP is to determine the effective-
ness of a 6-month mHealth parental intervention on
body fatness, dietary habits, physical fitness, physical ac-
tivity and sedentary behavior in 4-year-olds.

Hypotheses
The primary hypothesis is that the MINISTOP program
will be effective at improving body composition at six
months compared to the control group. Secondary hy-
potheses are that participants in the MINISTOP pro-
gram will spend more time in moderate to vigorous
physical activity and less time in sedentary activities;
have improved physical fitness, and consume more fruits
and vegetables and less candy and soft drinks.

Methods
Study design
MINISTOP is a two-arm parallel design randomized
controlled trial. After baseline assessment, participants
are randomized to either the intervention or the control
group in a 1:1 ratio. The intervention group receives a
program delivered through a software application for
smartphones (the MINISTOP app), whereas the control
group receives information/advice about a healthy diet
and physical activity via a four-page pamphlet. The
information is based on current guidelines [26] and
corresponds to the information provided by the Swedish
child health care system. The protocol is in accord with
the SPIRIT 2013 statement [27,28] and the interven-
tion is described according to the CONSORT –EHEALTH
checklist (v1.6.1) [29].

Eligibility and recruitment
To be included in MINISTOP, parents must: have a four
year old child and live in the county of Östergötland
(population 435 000), Sweden; have the possibility to
have their child measured at baseline at 4.5 years ±
2 months of age; and be able to speak and read Swedish
sufficiently well (at least one parent). Children diagnosed
with neurological or endocrine diseases and children
who have a parent suffering from a serious physical or
psychological disease making the study too demanding
for the family are excluded from the study.
Participants are recruited from a population-based sam-

ple drawn from the population register at Statistics of
Sweden. The primary sample consists of all 4-year-olds
(born between July 2009 and February 2010) living in the
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county of Östergötland and include approximately 3000
children. Invitation letters are sent out to the home ad-
dresses of the guardians (parents and other caretakers)
asking them to participate. Parents/caretakers that con-
sent to participate bring their child to the hospital for a
baseline assessment of their child’s body fatness and phys-
ical fitness. Thereafter, the child’s baseline physical activity
and diet are assessed during the subsequent two-week
period. When all the baseline measures are completed, the
children are randomized either to the intervention or the
control group. All outcome measures (body fatness, dietary
variables, physical fitness and physical activity variables)
are repeated after the intervention (six months after
baseline) and at follow-up (twelve months after baseline).
Figure 1 outlines the study design.

Randomization and blinding
After the baseline assessment is completed, the par-
ticipants are randomly allocated to either the control
(no intervention) or intervention (MINISTOP) arms
at 1:1 ratio by means of a random allocation sequence
list (in blocks) generated using SAS 9.4 (SAS Institute
Inc, Cary NC). The allocation sequence is overseen by
the project statistician (SS). Assessors of the primary
outcomes are blinded to treatment allocation; how-
ever, due to the nature of the intervention partici-
pants are not blind to their allocation.

Intervention
Overall
The overall goal of MINISTOP is to have the pre-school
children achieve healthy body fatness through increasing
physical activity and improving dietary behavior. The
MINISTOP intervention consists of a 6-month program
delivered via a mobile web-application (app), which is
compatible for both iOS (version 6.1.3 or higher) and
Android (version 2.3.5 or higher) smartphones.

Development
The MINISTOP app was developed by a team of re-
searchers with expertise in nutrition, behavioral science,
medicine, engineering, psychology and physical activity.
Intervention content is grounded in the Social Cognitive
Theory [30] and includes evidence-based recommenda-
tions for obesity interventions targeting young children
[31]. Content was first tested in a pilot study with 10
parents of a 4-year-old child recruited from day care
centers in the county of Östergötland in October 2013.
After reiteration of the intervention based on parents’
comments (obtained by means of a questionnaire), an
additional 19 parents with a 4-year-old child were re-
cruited and user tested a demonstration version of the
MINISTOP app in December 2013. They provided com-
ments on both content and feasibility by means of a
questionnaire. These comments were used for the final
modifications of the app before the MINISTOP trial was
initiated.

Content and use
MINISTOP involves the delivery of a comprehensive
program of information and push notifications based on
existing guidelines for a healthy diet and activity in pre-
school children [26]. It covers twelve topics that change
every other week. Topic themes include healthy foods in
general, breakfast, healthy small meals, physical activity
and sedentary behavior, candy and sweets, fruits and
vegetables, drinks, eating between meals, fast food, sleep,
foods outside the home, and foods at special occasions.
Every second week the parents are alerted via a push no-
tification within the application that a new topic has
begun. For each topic, general information, tips and
strategies for how to change an unwanted behavior are
provided. Using the app, and according to personal pref-
erence, parents can record their child’s intake of fruits
and vegetables, sugar sweetened beverages and candy as
well as physical activity and sedentary behavior. At the
end of each week parents’ responses are summarized
and graphically presented for the parents in their mobile
phones in order to increase motivation and compliance.
The app also provides written feedback based on these
graphs at three different levels by means of a large num-
ber of automated messages. Throughout the intervention
period, the parents are offered the possibility to interact
on a regular basis by means of the app with a dietician
and a psychologist in order to discuss problems and raise
questions regarding the promotion of a healthy diet and
physical activity for their child. If parents have not used
the app for a couple of days, they receive a reminder mes-
sage via the app at 8 pm (maximum four times a week).

Download
At the beginning of the intervention, parents receive a
username and password to the MINISTOP app by email
as well as a text message (SMS) with a website link.
They are asked to download the app as soon as possible
by clicking the website link. After two days, one of the
investigators contacts the parent and provides instruc-
tions on how to use the app. For parents that are living
together, both parents are asked to download the app to
their mobile phones (using the same username and
password). Both are instructed to read all information,
however, only one should register the child’s behavior
throughout the intervention period. For parents that
are separated, and when the child lives at two places
(e.g. one week at each place), both parents are instructed
to download the app (with different user names). Both are
then instructed to record their child’s behaviors (when the
child is living with them).



Figure 1 Flow chart of the MINISTOP study design.
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Sample size and power considerations
The MINISTOP trial was carefully dimensioned before-
hand in order to provide sufficient power to assess if the
intervention is successful. We aim to recruit 300 chil-
dren to ascertain that 200 will complete the follow-up
measures. A total of 200 children (100 in each group)
completing the study will provide sufficient statistical
power (>80%) at the two-sided 5% significance level to
detect a difference of 10% (log 1.1 = 0.095) in energy
intake and body fatness for the intervention group
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compared with the control group over the study inter-
val of 6 months. In our calculations we assumed three
levels of standard deviations in energy intake and body
fatness (log values: 0.18, 0.22 and 0.24, respectively).

Measures
Primary outcomes are body fatness and energy intake,
while secondary outcomes include time spent in seden-
tary, moderate, and vigorous physical activity, physical
fitness and intakes of fruits and vegetables, snacks, soft
drinks and candy.

Body composition
Body fatness is assessed using air-displacement plethys-
mography by means of the pediatric option for BodPod
(www.cosmed.com) as previously described [22]. The
pediatric option measures body volume and body density
is then calculated as body volume divided by weight.
Body density is then converted into body fatness using
appropriate densities of fat and fat-free mass [32]. The
pediatric option for BodPod is able to provide accurate
and precise estimates of fat and fat-free mass in children
aged 2–6 years [24].

Food and energy intake
Intake of foods and drinks and dietary energy are
assessed using our newly developed procedure (Tool for
Energy balance in Children, TECH). Using this ap-
proach, parents and other caretakers photograph all food
items and drinks consumed by the child using a mobile
phone camera during 4 × 24-hour-periods. All foods and
drinks are photographed from two different angles to-
gether with a marker of known size. The parents are also
given standardized china (plate, bowl and cup) to allow
for more accurate food and drink calculations. The par-
ents also provide a short description of the food and
drink the children has consumed throughout the four-
day period. Portion sizes of foods and drinks are esti-
mated from the photographs and analyzed by trained
nutritionists and dieticians. The intake of foods and
drinks are then converted to energy intake through link-
age the Swedish Food Database, National Food Adminis-
tration [26]. In a pilot study we have shown that mean
intakes of energy as well as fruits and berries, vegetables,
and juice were in agreement with total energy expend-
iture using the doubly labelled water method and corre-
sponding intakes using a food frequency questionnaire
(Henriksson et al., submitted). The accuracy of TECH
will also be evaluated within the MINISTOP trial in
forty children (20 in the intervention group and 20 in
the control group). In these children, energy intake ob-
tained using TECH will be compared to total energy ex-
penditure measured using the doubly labelled water
method as previously described [33]. Intake of energy,
foods and drinks using TECH will also be compared to
corresponding estimates with telephone 4×24-hours-
recalls covering the same time period. The telephone
interviews will be conducted and evaluated by a trained
dietician using the Swedish Food Database [26].

Physical activity and sedentary behavior
Physical activity and sedentary behavior are assessed over
seven consecutive days using the Actigraph wGT3x-BT
triaxial accelerometer (www.actigraphcorp.com), which
has previously been shown to be able to provide accur-
ate estimates of activity energy expenditure as well as clas-
sify sedentary, light, and moderate/vigorous levels of
physical activity in children aged 3–5 years [34]. Parents
and other caretakers are asked to record when the device
has been taken off and the activities performed during that
period (i.e. showering/bathing/swimming) in a notebook.
Data acquisition storage is set in 15 second-epochs.

Physical fitness
Physical fitness will be assessed using the PREFIT fitness
battery which includes the following five fitness tests
[35]: the handgrip strength test (for upper musculoskel-
etal fitness), the standing long jump test (for lower mus-
culoskeletal fitness), the 4×10 m shuttle run test (for
motor fitness), the one-leg stance test (for motor fitness)
and the 20 m shuttle run test (for cardiorespiratory fit-
ness). Details on how these tests are performed have
been published previously [35]. All the tests are con-
ducted twice and the best score is retained, except for
the one-leg stance test and the 20 m shuttle run test that
are performed only once.

Other measures: demographic and health-related
behaviors
At baseline, parents complete demographic questions
(age, sex and socio-economic status), as well as answer
questions regarding their child’s health and their own
body weight, height, dietary and exercise habits, educa-
tion, smoking habits, health, and medications. Parents also
fill in a questionnaire regarding parental self-efficacy for
promoting healthy physical activity and dietary behaviors in
children [36], the Swedish Parenthood Stress Questionnaire
(SPSQ) [37] and the Strengths and Difficulties Question-
naire (SDQ) [38] at baseline, at the end of the intervention
and at follow-up. Finally, online food frequency question-
naires and physical activity questionnaires [39-41] are sent
via email to each of the parents and the child (to be filled
out by one of the parents) to assess the dietary and physical
activity habits of the families participating.

Statistical analyses
Our project statistician (SS) has together with the re-
search team outlined a detailed analytic stepwise strategy

http://www.cosmed.com
www.actigraphcorp.com
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to evaluate if the intervention is successful or not. The
details of this strategy will be published together with
the results. Briefly, the steps include both an evaluation
on the group level for primary as well as secondary out-
comes, and summary scores where a combination of
both primary and secondary outcomes is used. For pri-
mary and secondary outcomes, we will compare inter-
vention and control by testing the hypothesis that the
two groups have equal effect in location or distribution
versus the hypothesis that the two groups differ. This
will be done by calculating the stratified Wilcoxon rank
sum test (continuous variables such as body fat). Vari-
ables on a binary scale will be compared by fitting exact
logistic regression. We will apply intention to treat ana-
lysis. Finally, all analyses will be made stratified by base-
line body fatness (tertiles). This is done since children
can be expected to respond and develop differently de-
pending on their baseline status. A child with a high
body fat content with a sedentary behavior and un-
healthy eating habits will have larger potential for im-
provement while a child with lower body fatness and
healthier eating and activity habits will have less poten-
tial. All statistical analyses will be conducted using SAS
version 9.4 (SAS Institute Inc, Cary NC) using the two-
sided 5% level of significance.

Ethics approval
This trial was approved by the Research Ethics Commit-
tee, Stockholm, Sweden (2013/1607–31/5; 2013/2250–32).
Verbal informed consent, witnessed and formally re-
corded, is obtained from the parents.

Trial status
The recruitment for the MINISTOP trial was initiated in
the spring of 2014. The project is progressing in accord-
ance with the time plan. The baseline measures were
completed in October 2014. The measures after the inter-
vention (six months after baseline) are on-going and will
be completed in April 2015. The follow-up measures
12 months after the baseline measures will be completed
in October 2015.

Discussion
The MINISTOP trial will evaluate the impact of a mHealth
intervention to counteract obesity in 4-year-old children.
Worldwide, very few interventions have been conducted in
children under 5 years of age [8,9,42], and none to date
have evaluated mHealth interventions.
Our trial has several strengths, including the random-

ized controlled trial design, careful calculation of statis-
tical power, and objective assessment of the primary
outcome body composition using a reliable and valid
method. In addition, participating children are recruited
from a population-based sample drawn by Statistics Sweden.
Finally, the intervention is grounded in behavior change the-
ory, was developed in accordance with the mHealth devel-
opment framework [43], and strategies for promoting
behavior change are evidence based. The MINISTOP trial
is limited by the fact that the intervention content is in
the Swedish language, thus it only includes parent couples
where at least one parent speaks and reads Swedish suffi-
ciently well.
Some technical aspects of our mHealth intervention

should be acknowledged. We use a web-application in-
stead of a native app which has several technical advan-
tages. Firstly, it allows us to include both Android and
iOS smartphone users, which increases its feasibility and
user-friendliness. Furthermore, this solution enables us
to collect and analyze data on usage of the app through-
out the intervention, and yet few studies have done this
to determine adherence and fidelity of mHealth inter-
ventions. Finally, the app only targets the parents since
this trial includes very young children. However, subse-
quent iterations might include features targeting the
children themselves, such as gamification to increase in-
take of vegetables [44].
We chose our study design with a general recruitment

since it is robust against unforeseen changes as well as
against assumptions about the actual data distributions
and function of the intervention. An alternative design
could have been to include only children with a BMI
above a certain cut-off, however, BMI is less accurate
measure of body fatness and furthermore it is not neces-
sarily a true assumption that the best success will be
among children with extreme levels of BMI or body fat-
ness. The generalizability of this study will also be opti-
mized by a general and unrestricted recruitment. There
are also risks associated with the approach since we are
also including normal-weight children if the intervention
only has effect among children with more extreme
values of body fatness our effect will be diluted. In this
respect it is also relevant to note that our intervention
provides information on healthy eating and active life-
style that apply to children in general. In summary, we
decided to include all children instead of selecting sub-
groups to avoid problems with regression to the mean
and decrease the problem with selections.
If the MINISTOP app turns out to be successful it has

potential to be implemented in child-health care to
counteract childhood obesity. This is important since
childhood obesity is an independent risk factor for adult
obesity [45], which increases the risk for adverse health
conditions such as cardiovascular disease and diabetes
[46]. If fewer children are overweight and obese, fewer
adults will be affected and thus the prevalence of
obesity-related disorders will decrease. Such a develop-
ment will decrease costs for the health care system and
improve physical and psychosocial health of individuals.



Delisle et al. BMC Public Health  (2015) 15:95 Page 7 of 8
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors were involved in the study design for MINISTOP. ML is the
principal investigator. RM contributed to the development of the overall
study design as well as the mHealth intervention. SS is responsible for the
statistical analyses and power calculations. CD is responsible for data
collection under supervision of ML. HH, CD and ML developed the
nutritional aspects of the intervention while KS developed the psychological
aspects. YTL provided expertise for obesity treatment and physical activity
measures. FB and JR developed the physical fitness tests for the MINISTOP
trial. CL and TT provided expertise for health promotion in young children,
and EF provided expertise for the body fatness measurements. CD and ML
drafted the manuscript. All authors read and approved the final manuscript.

Acknowledgements
The authors thank Johan Cederlund and Jan Fjellström for help with the
technical development of the MINISTOP app, Eva Flinke Carlsson, Gunilla
Hennermark, Ann-Sofie Risinger, Teresa Sigurdsson and Carin Olvall for help
with data collection. This work is supported by grants from the Swedish
Research Council, the Swedish Research Council for Health, Working life
and Welfare, Karolinska Institute, and Bo and Vera Ax:son Johnssons’ foundation
(all ML). FO and JR are supported by grants from the Spanish Ministry of
Economy and Competitiveness [RYC–2010–05957; RYC–2011–09011]. The
funders had no role in the design, analysis or writing of this article.

Author details
1Department of Biosciences and Nutrition, Karolinska Institutet, NOVUM,
Huddinge 141 83, Sweden. 2Department of Medical Epidemiology and
Biostatistics, Karolinska Institutet, Stockholm PO 281, 171 77, Sweden.
3Department of Clinical and Experimental Medicine, Faculty of Health
Science, Linköping University, Linköping 581 85, Sweden. 4Clinical
Epidemiology Unit, Department of Medicine, Karolinska Institutet, Stockholm
PO 281, 171 77, Sweden. 5Department of Food and Nutrition and Sport
Science, University of Gothenburg, Gothenburg PO 100, 405 30, Sweden.
6National Institute for Health Innovation, The University of Auckland,
Auckland PO 92019, 1142, New Zealand. 7PROmoting FITness and Health
through physical activity research group (PROFITH), Department of Physical
Education and Sports, Faculty of Sport Sciences, University of Granada,
Granada 18071, Spain. 8Department of Behavioral Sciences and Learning,
Linköping University, Linköping 581 83, Sweden. 9Department of Medical
and Health Sciences, Faculty of Health Science, Linköping University,
Linköping 581 85, Sweden.

Received: 23 December 2014 Accepted: 19 January 2015

References
1. The World Health Organization. http://www.who.int/dietphysicalactivity/

childhood/en.
2. Braback L, Gunnel B, Ekholm L. No further increase of obesity among

Swedish 4-year old children. Large regional differences indicate the significance
of socioeconomic factors. Lakartidningen. 2009;106:2758–61.

3. Ong KL RJ. Rapid infancy weight gain and subsequent obesity: systematic
reviews and hopeful suggestions. Acta Paediatr. 2006;95:904–8.

4. Nader PR, O’Brien M, Houts R, Bradley R, Belsky J, Crosnoe R, et al.
Identifying risk for obesity in early childhood. Pediatrics. 2006;118:e594–601.

5. Timpka T, Angbratt M, Bolme P, Hermansson G, Hager A, Valter L.
A high-precision protocol for identification of preschool children at risk
for persisting obesity. PLoS One. 2007;2:e535.

6. Howe LD, Tilling K, Benfield L, Logue J, Sattar N, Ness AR, et al. Changes in
ponderal index and body mass index across childhood and their
associations with fat mass and cardiovascular risk factors at age 15. PLoS
One. 2010;5:e15186.

7. Hesketh KD, Campbell KJ. Interventions to prevent obesity in 0–5 year olds:
an updated systematic review of the literature. Obesity. 2010;18 Suppl 1:S27–35.

8. Waters E, de Silva-Sanigorski A, Hall BJ, Brown T, Campbell KJ, Gao Y, et al.
Interventions for preventing obesity in children. Cochrane Database Syst
Rev. 2011;12, CD001871.
9. Bond M, Wyatt K, Lloyd J, Taylor R. Systematic review of the effectiveness
of weight management schemes for the under fives. Obes Rev.
2011;12:242–53.

10. Monasta L, Batty GD, Macaluso A, Ronfani L, Lutje V, Bavcar A, et al.
Interventions for the prevention of overweight and obesity in preschool
children: a systematic review of randomized controlled trials. Obes Rev.
2011;12:e107–18.

11. Batch BC, Tyson C, Bagwell J, Corsino L, Intille S, Lin PH, et al. Weight loss
intervention for young adults using mobile technology: design and
rationale of a randomized controlled trial - Cell Phone Intervention for You
(CITY). Contemp Clin Trials. 2014;37:333–41.

12. Lin PH, Wang Y, Levine E, Askew S, Lin S, Chang C, et al. A text messaging-
assisted randomized lifestyle weight loss clinical trial among overweight
adults in Beijing. Obesity. 2014;22:E29–37.

13. Bacigalupo R, Cudd P, Littlewood C, Bissell P, Hawley MS, Buckley Woods H.
Interventions employing mobile technology for overweight and obesity: an
early systematic review of randomized controlled trials. Obes Rev.
2013;14:279–91.

14. Fjeldsoe BS, Marshall AL, Miller YD. Behavior change interventions
delivered by mobile telephone short-message service. Am J Prev Med.
2009;36:165–73.

15. Stephens J, Allen J. Mobile phone interventions to increase physical activity
and reduce weight: a systematic review. J Cardiovasc Nurs. 2013;28:320–9.

16. Allen JK, Stephens J, Patel A. Technology-assisted weight management
interventions: systematic review of clinical trials. Telemed J E Health.
2014;20(12):1103–20.

17. Fitzgibbon ML, Stolley MR, Schiffer L, Van Horn L, KauferChristoffel K, Dyer A.
Two-year follow-up results for Hip-Hop to Health Jr.: a randomized controlled
trial for overweight prevention in preschool minority children. J Pediatr.
2005;146:618–25.

18. Harvey-Berino J, Rourke J. Obesity prevention in preschool native-american
children: a pilot study using home visiting. Obes Res. 2003;11:606–11.

19. Reilly JJ, Kelly L, Montgomery C, Williamson A, Fisher A, McColl JH, et al.
Physical activity to prevent obesity in young children: cluster randomised
controlled trial. BMJ. 2006;333:1041.

20. Nemet D, Geva D, Eliakim A. Health promotion intervention in low
socioeconomic kindergarten children. J Pediatr. 2011;158:796–801. e791.

21. Wells JC, Chomtho S, Fewtrell MS. Programming of body composition by
early growth and nutrition. Proc Nutr Soc. 2007;66:423–34.

22. Forsum E, Flinke Carlsson E, Henriksson H, Henriksson P, Lof M. Total body
fat content versus BMI in 4-year-old healthy Swedish children. J Obes.
2013;2013:206715.

23. Fields DA, Goran MI, McCrory MA. Body-composition assessment via
air-displacement plethysmography in adults and children: a review.
Am J Clin Nutr. 2002;75:453–67.

24. Fields DA, Allison DB. Air-displacement plethysmography pediatric option in
2–6 Years old using the four-compartment model as a criterion method.
Obesity. 2012;20:1732–7.

25. Fomon SJ, Haschke F, Ziegler EE, Nelson SE. Body composition of reference
children from birth to age 10 years. Am J Clin Nutr. 1982;35:1169–75.

26. The National Food Administration, Sweden. http://www.slv.se/.
27. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K,

et al. SPIRIT 2013 statement: defining standard protocol items for clinical
trials. Ann Intern Med. 2013;158:200–7.

28. Chan AW, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al.
SPIRIT 2013 explanation and elaboration: guidance for protocols of clinical
trials. BMJ. 2013;346:e7586.

29. Eysenbach G. CONSORT-EHEALTH: improving and standardizing evaluation
reports of Web-based and mobile health interventions. J Med Internet Res.
2011;13:e126.

30. Bandura A. Human agency in social cognitive theory. Am Psychol.
1989;44:1175–84.

31. Summerbell CD, Moore HJ, Vogele C, Kreichauf S, Wildgruber A, Manios Y,
et al. Evidence-based recommendations for the development of obesity
prevention programs targeted at preschool children. Obes Rev. 2012;13
Suppl 1:129–32.

32. Lohman TG. Assessment of body composition in children. Pediatr Exerc Sci.
1989;1:19–30.

33. Henriksson H, Forsum E, Lof M. Evaluation of Actiheart and a 7 d activity
diary for estimating free-living total and activity energy expenditure using criterion
methods in 1.5- and 3-year-old children. Br J Nutr. 2014;111:1830–40.

http://www.who.int/dietphysicalactivity/childhood/en
http://www.who.int/dietphysicalactivity/childhood/en
http://www.slv.se/


Delisle et al. BMC Public Health  (2015) 15:95 Page 8 of 8
34. Butte NF, Wong WW, Lee JS, Adolph AL, Puyau MR, Zakeri IF. Prediction of
energy expenditure and physical activity in preschoolers. Med Sci Sports
Exerc. 2014;46:1216–26.

35. Ortega FB, Cadenas-Sanchez C, Sanchez-Delgado G, Mora-Gonzalez J,
Martinez-Tellez B, Artero EG, et al. Systematic review and proposal of a
field-based physical fitness-test battery in preschool children: the PREFIT
battery. Sports Med. 2014 Nov 5; [Epub ahead of print].

36. Bohman B, Ghaderi A, Rasmussen F. Psychometric properties of a new
measure of parental self-efficacy for promoting healthy physical activity and
dietary behaviors in children. Eur J Psychol Assess. 2013;29(4):291–8.

37. Ostberg M, Hagekull B, Wettergren S. A measure of parental stress in
mothers with small children: dimensionality, stability and validity.
Scand J Psychol. 1997;38:199–208.

38. Goodman R. The strengths and difficulties questionnaire: a research
note. J Child Psychol Psychiatry. 1997;38:581–6.

39. Bonn SE, Surkan PJ, Lagerros YT, Balter K. Feasibility of a novel web-based
physical activity questionnaire for young children. Pediatr Rep. 2012;4:e37.

40. Bonn SE, Trolle Lagerros Y, Christensen SE, Moller E, Wright A, Sjolander A,
et al. Active-Q: validation of the web-based physical activity questionnaire
using doubly labeled water. J Med Internet Res. 2012;14:e29.

41. Christensen SE, Moller E, Bonn SE, Ploner A, Wright A, Sjolander A, et al. Two
new meal- and web-based interactive food frequency questionnaires:
validation of energy and macronutrient intake. J Med Internet Res.
2013;15:e109.

42. Oude Luttikhuis H, Baur L, Jansen H, Shrewsbury VA, O’Malley C, Stolk RP,
et al. Interventions for treating obesity in children. Cochrane Database Syst
Rev. 2009 Jan 21;(1):CD001872.

43. Whittaker R, Merry S, Dorey E, Maddison R. A development and evaluation
process for mHealth interventions: examples from New Zealand. J Health
Commun. 2012;17 Suppl 1:11–21.

44. Thompson D, Bhatt R, Lazarus M, Cullen K, Baranowski J, Baranowski T. A
serious video game to increase fruit and vegetable consumption among
elementary aged youth (squire’s quest! ii): rationale, design, and methods.
JMIR Res Protoc. 2012;1:e19.

45. Singh A, Mulder C, Twisk J, van Mechelen W, Chinapaw M. Tracking of
childhood overweight into adulthood: a systematic review of the literature.
Obes Rev. 2008;9:474–88.

46. WHO. Diet, nutrition and the prevention of chronic diseases. report of a
joint expert consultation. technical report series no 916. Geneva: The World
Health Organization; 2003.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods/Design
	Discussion
	Trial registration

	Background
	Aim
	Hypotheses

	Methods
	Study design
	Eligibility and recruitment
	Randomization and blinding
	Intervention
	Overall
	Development
	Content and use
	Download

	Sample size and power considerations

	Measures
	Body composition
	Food and energy intake
	Physical activity and sedentary behavior
	Physical fitness
	Other measures: demographic and health-related behaviors

	Statistical analyses
	Ethics approval
	Trial status
	Discussion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

