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Abstract
Background: There is a great need for dietary assessment methods that suit the adolescent lifestyle and give valid intake data.
Objective: To develop a mobile phone app and evaluate its ability to assess energy intake (EI) and total energy expenditure
(TEE) compared with objectively measured TEE. Furthermore, to investigate the impact of factors on reporting accuracy of EI,
and to compare dietary intake with a Web-based method.
Methods: Participants 14 to 16 years of age were recruited from year nine in schools in Gothenburg, Sweden. In total, 81
adolescents used the mobile phone app over 1 to 6 days. TEE was measured with the SenseWear Armband (SWA) during the
same or proximate days. Individual factors were assessed with a questionnaire. A total of 15 participants also recorded dietary
intake using a Web-based method.
Results: The mobile phone app underestimated EI by 29% on a group level (P<.001) compared to TEE measured with the
SWA, and there was no significant correlation between EI and TEE. Accuracy of EI relative to TEE increased with a weekend
day in the record (P=.007) and lower BMI z-score (P=.001). TEE assessed with the mobile phone app was 1.19 times the value
of TEE measured by the SWA on a group level (P<.001), and the correlation between the methods was .75 (P<.001). Analysis
of physical activity levels (PAL) from the mobile phone app stratified by gender showed that accuracy of the mobile phone app
was higher among boys. EI, nutrients, and food groups assessed with the mobile phone app and Web-based method among 15
participants were not significantly different and several were significantly correlated, but strong conclusions cannot be drawn
due to the low number of participants.
Conclusions: By using a mobile phone dietary assessment app, on average 71% of adolescents’ EI was captured. The accuracy
of reported dietary intake was higher with lower BMI z-score and if a weekend day was included in the record. The daily question
in the mobile phone app about physical activity could accurately rank the participants’ TEE.
(JMIR mHealth uHealth 2015;3(4):e93) doi: 10.2196/mhealth.4804
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Introduction
Limitations with traditional dietary assessment methods, such
as 24-hour recall and estimated or weighed food records, are
well known. Using food records to assess individual dietary
intake is both time consuming and burdensome for study
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participants and may lead to deviations from their habitual intake
[1]. Misreporting energy intake (EI), especially underestimation,
is a common problem in studies where food records or other
traditional dietary assessment methods are used [2]. Other
problems with food records are low compliance and participation
rates in dietary studies. In Sweden, a Web-based food record
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method was developed for use in a national dietary survey in
the adult population (ie, 18 to 80 years of age) [3]. The
participation rate was less than 40% and the proportion classified
as underestimating EI was 16% among women and 21% among
men. The highest proportion of participants underestimating EI
was found in the youngest age group, 18 to 30 year olds. This
proportion could have possibly been even larger if the survey
had been conducted among adolescents, who may have less
structured dietary habits than adults and who may be less
motivated to participate in dietary surveys [4,5]. Even though
assessing dietary intake among adolescents can be especially
challenging, knowledge of their dietary intake is important for
the study of the etiology of overweight and obesity and the
outcome of interventions that are implemented to promote
healthy dietary habits.
Since it is important to obtain high-quality dietary intake data,
improving assessment methods is essential. Methods using
technology have been developed and used in several studies
[6-9]. Among these are methods using digital cameras, personal
digital assistants, and mobile phones to keep food records.
Methods utilizing technology for dietary assessment seem
promising [10], but need to be developed for local conditions
and evaluated with objective measurements. As yet there is no
evaluated method which uses mobile phones to collect dietary
data among adolescents in Sweden. However, the use of mobile
phones is widespread among young people in Sweden; 99% of
13 to 16 year olds own a mobile phone and of these 89% have
an advanced-feature mobile phone [11]. This makes it possible
to introduce a dietary assessment method based on mobile phone
technology. Integrating the traditional food record with
technology may make the assessment of dietary intake more
feasible and attractive for Swedish adolescents and thus lead to
more compliance and a higher quality of data. Furthermore,
using mobile phones in dietary studies also allows for additional
data to be collected, for example, by querying the level of
physical activity and other lifestyle habits.
Dietary assessment methods are evaluated by comparison with
reference methods and one way to evaluate the accuracy of
assessed EI is by comparison with total energy expenditure
(TEE) [1]. The "gold standard" method of measuring TEE is
the doubly labeled water (DLW) method, but since it is very
expensive, less resource-consuming methods to assess TEE are
needed [12]. TEE can be measured by, for example,
accelerometry or by calculation of TEE from basal metabolic
rate (BMR) and physical activity level (PAL). It has been shown
that a mobile phone questionnaire consisting of two questions
on physical activity can be used to accurately assess PAL in
adult women [13]. However, a similar study has not been found
conducted among adolescents. Integrating questions about PAL
into a dietary assessment method may be a feasible way to
evaluate reported EI without the need for additional assessment
methods.
Some individuals misreport EI regardless of the dietary
assessment method used [14]. When investigating groups with
regard to dietary habits it is important to be aware of factors
influencing the validity of collected data. Factors that could
possibly affect reporting accuracy in dietary assessment are
gender, age, socioeconomic position, weight, health-related
http://mhealth.jmir.org/2015/4/e93/
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behaviors, and psychological factors [14,15]. The most
consistent finding is a greater underestimation among
participants classified as overweight/obese compared to
normal-weight individuals [14], and this has also been found
to be consistent for adolescents [4].
In this study, the aim was to develop, implement, and evaluate
a new mobile phone dietary assessment method regarding EI
and TEE compared with objectively measured TEE with the
SenseWear Armband (SWA) (TEESWA). Furthermore, the aim
was to investigate which individual factors among adolescents
affected the reporting accuracy of EI and to compare reported
EI, nutrients, and food groups against the reported intake when
using a Web-based method.

Methods
Mobile Phone App
From 2011 to 2012, a mobile phone app was developed in
collaboration with an engineering student, with the aim of
obtaining a method that could be used for the assessment of
dietary intake—EI (EIapp), intake of nutrients, foods, and food
groups—and TEE (TEEapp). During the development phase,
five colleagues at the Department of Food and Nutrition, and
Sport Science at the University of Gothenburg, Sweden, and
other departments tested the mobile phone app and gave
constructive feedback. Further changes were made after the
method had been used by 6 adolescents and their teacher who
participated in a pilot test.
The mobile phone dietary assessment method comprises the
app, which is developed for Android mobile phones, a Web
project (Microsoft server), and a database (Microsoft SQL server
2008R2). The Web project is used for communication between
the app and the database and to enable downloading of the app
to a mobile phone. The database is used for receiving,
computing, and storing participant data. The app communicates
with the Web project via Wi-Fi or 3G. Participant data and
results from registrations are obtained from the database using
the computer software FileMaker Pro 12.0 version 3 (FileMaker,
Inc, Santa Clara, CA).
To ensure that the mobile phone app used the most complete
Swedish food database and that the results from the mobile
phone method would be comparable to a Web-based method
used in a national survey [3], information about energy and
nutrient content of foods, dishes, and products—as well as
portion amounts that had been used in the most recent Swedish
national dietary survey—was obtained from the National Food
Agency. The Swedish national food database version
2010-05-05 that is used in the mobile phone app includes over
1900 foods and dishes. Prior to use in the national survey,
recipes were created for common dishes in order to facilitate
the recording of these dishes. The consumed amounts are
estimated with well-suited units (eg, gram, deciliter, tablespoon,
teaspoon, and piece) that are given as alternatives in order to
estimate portion size of each food/dish. For several items, there
are also pictures of foods of known weight and increasing
portion sizes to aid in the estimation of consumed amounts.
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The first time the mobile phone app was used by a participant
he/she was asked to register an account by entering the study
ID as username and a password of their own choice. The
participant also entered his/her name, date of birth, gender,
weight, height, email address, and phone number. Furthermore,
information was entered regarding the highest completed
educational level of the mother and father (no formal education;
nine-year compulsory school; two-year upper secondary school,
folk high school, or vocational training; at least three-year upper
secondary school; or college or university); whether the
participant, mother, or father were born outside of Sweden; and
whether the participant has a special diet (gluten- or lactose-free,
vegetarian, or other with the opportunity to specify). Female
participants were also asked to enter whether they were pregnant
or breast-feeding. We regarded this information to be of interest
when conducting dietary assessments and in our evaluation
study. The personal settings could be edited later if necessary.
To record dietary intake, the participant first entered the date
and time of a meal, with the current date and time as the default
setting, and type of meal—breakfast, lunch, dinner, or snack.
The participant thereafter searched for the consumed food in
the food database by using a free-text search, choosing from a
category or type of dish. The correct amount was entered and
the next food item could be searched. After all foods in the meal
had been entered, the meal needed to be saved and was
automatically sent to the SQL database where energy and
nutrient contents were computed and stored. The saved meals
could be accessed in the mobile phone app through an archive
of registered days. In the archive, foods could be deleted or
added and amounts could be changed. Additional functions in
the mobile phone app included receiving reminders to record
meals (ie, status bar notifications) at a chosen time interval and
saving a meal as a template to be loaded the next time an
identical meal is consumed. The app was connected to the
mobile phone camera and the user could take a picture of their
meal as a memory aid if the consumed foods could not be
entered until later. The additional functions were included to
support the participant in recording dietary intake.
In addition to recording dietary intake during a specific day,
the participant was asked to answer a few questions in the
mobile phone app every evening. We included questions that
were considered useful when evaluating the participant’s
recorded dietary intake. The questions were about the use of
nutritional supplements with some alternatives given and the
option to enter other supplements. The intake of supplements
was not included in the analysis in this study since supplement
intake was not recorded with the Web-based method.
Furthermore, the participant was asked to approximate how
much of their dietary intake on the specific day was recorded
in the mobile phone app, and if he/she had tried to gain or lose
weight during that day. The participant was also asked to
approximate his/her physical activity level for that specific day
out of five predefined levels (very light, light, moderate, heavy,
or very heavy), as well as if his/her dietary intake and physical
activity had been higher or lower than usual. Some examples
of activities were given for the different activity levels. Finally,
the participant was asked whether he/she had felt stressed or
anxious during registration day.
http://mhealth.jmir.org/2015/4/e93/

XSL• FO
RenderX

Svensson & Larsson
Participant feedback could be viewed per day or for a selected
period of days, and some detailed feedback could be viewed
for each meal. In the archive, the user could see details regarding
his/her body mass index (BMI); estimated TEE; EI; and intake
of macronutrients, fruits and vegetables, dietary fiber, calcium,
iron, vitamin C, vitamin D, and folic acid in relation to
recommended daily intakes [16]. Energy percentages of each
meal in relation to recommended intakes was also given. The
feedback could be viewed after sending the recorded meal to
the server.
All data registered by the participant when creating an account,
recording foods, or answering questions in the mobile phone
app could be viewed by the researcher. Information that was
saved included time stamps for the different activities in the
mobile phone app and whether registered information was
updated by the participant. Food groups for each recorded food
were given and the amount of food was calculated in grams.
Energy and nutrient content in the records could be viewed per
food, meal, or day. In addition to EI, the database calculated
the intake of 49 nutrients. Furthermore, PAL values and
estimated TEE were calculated from the daily physical activity
of the participant together with the participant’s age, gender,
and weight. Basal metabolic rate was calculated using equations
by Shofield [17]. PALs for adolescents were adapted from the
paper by Torun, separately for girls and boys [18]. Since we
wanted a wider dispersion of estimated TEE, five levels were
chosen instead of three. The specific PAL values used in the
mobile phone app were as follows for girls and boys,
respectively: very light (1.3 and 1.4), light (1.5 and 1.6),
moderate (1.7 and 1.8), heavy (1.9 and 2.0), and very heavy
(2.1 and 2.2). The text describing the different activity levels
were as follows: very light = sedentary most of the day; light =
sedentary, standing, or walking short distances; moderate =
standing or walking most of the day, or sedentary but with 30
to 60 minutes of walking or bicycling at moderate speed; heavy
= sedentary, standing, and walking short distances, and 60
minutes of strenuous physical activity/sport; very heavy =
standing and walking most of the day, and 60 minutes of
strenuous physical activity/sport.

Web-Based Method
The National Food Agency in Sweden has developed a
Web-based method for dietary recording that has been used in
a national survey of dietary intake [3]. The method uses the
national food database version 2010-05-05 (the same as for the
mobile phone method). Food intake was entered by the
participant on the Internet in the evening of each day. A
username and password was used by the participant to log in
to a webpage, and the correct day, meal type (ie, breakfast,
lunch, dinner, or other), time, and place were selected. The
consumed foods/dishes were searched and entered using
free-text search, choosing from a category and type of dish. The
consumed amount was thereafter entered using well-suited units
(eg, gram, deciliter, tablespoon, teaspoon, piece, and portion-size
pictures) that were given as alternatives for each food. The
participants were given a booklet with pictures of different
portion sizes of known weight and a notebook in which the meal
type, time and place of the meal, food, and portion size could
be entered during the day in order to facilitate recording it onto
JMIR mHealth uHealth 2015 | vol. 3 | iss. 4 | e93 | p. 3
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the computer in the evening. The participants were thereafter
able to see results for the recorded days in the form of EI
(EIWeb); nutrients; proportions of fat, protein, and carbohydrates;
and amount of consumed fruit and vegetables in relation to
recommendations. In this study, the participants conducted the
Web-based method for 3 days.

Energy Expenditure
The SWA Pro 2 or 3 (BodyMedia, Inc, Pittsburgh, PA, USA)
was worn by the participants on the days they recorded dietary
intake. The SWA is a multisensory device that estimates energy
expenditure (EE) using a two-axis accelerometer set at 1-minute
intervals. It also has different sensors that measure heat flux,
near-body and skin temperature, and galvanic skin response.
The participants were instructed to wear the SWA on the back
of the upper right arm over the triceps muscle—in accordance
with the manufacturer’s recommendations—on 3 full
consecutive days and nights, and to remove it only when getting
wet, such as when showering or swimming. When removed
from the body, the SWA estimates EE as equal to the basal
metabolic rate, which was calculated automatically based on
the participant’s age, gender, weight, and height. The computer
software SenseWear Professional version 6.1 (BodyMedia, Inc,
Pittsburgh, PA, USA) was used to estimate TEE from the
armband’s registrations together with information about the
participant’s age, gender, weight, and height.

Questionnaire
To obtain information about factors that could possibly influence
the accuracy of the reported dietary intake, a selection of
questions and questionnaire instruments were put together in a
questionnaire containing 53 items that was used in this study.
The questionnaire included questions about factors that have
previously been found to be associated with reporting accuracy
[15,19] and questions about other factors that we thought may
be important (ie, conscientiousness; whether they thought what
they ate was important; and whether they found the study to be
comprehensible, manageable, and meaningful). The included
instruments were the Three-Factor Eating Questionnaire
(Revised 18-item [R-18] version) [20] and the Figure Rating
Scale [21]. Furthermore, five items selected from the Brief Fear
of Negative Evaluation Scale [22], and seven items selected
from the Marlowe-Crowne Social Desirability Scale [23] were
included, as well as 15 items assessing conscientiousness
selected from the International Personality Item Pool [24].
Additional questions included those concerned with how often
the participant ate lunch in the school canteen and had breakfast
during a normal week; if they thought what they ate was
important; and whether they perceived the study presented to
them as being comprehensible, manageable, and meaningful.
Indices were created from the Brief Fear of Negative Evaluation
Scale, the Marlowe-Crowne Social Desirability Scale, the items
assessing conscientiousness, and the three subscales in the
Three-Factor Eating Questionnaire. Current and ideal body size
was measured with the Figure Rating Scale and the discrepancy
was categorized into no discrepancy, preferring to be smaller,
or preferring to be larger.

http://mhealth.jmir.org/2015/4/e93/

XSL• FO
RenderX

Svensson & Larsson

Anthropometric Measurements
The participants' weight and height were measured with a
portable scale and stadiometer using standardized procedures.
The measurements were conducted in a separate room in the
school by the first author (ÅS) or an assistant. The participants
were asked to take off their shoes and any heavy garment, such
as a sweater, and to empty their pockets before being measured.
Weight was measured to the nearest 0.1 kg and height to the
nearest 0.1 cm. BMI (kg/m2) was calculated and BMI z-score
and weight status were determined using tables and cutoffs from
the International Obesity Task Force [25].

Participants and Setting
Data collection took place in Southwest Sweden during 2013.
Prior to the main study, a pilot test was conducted in November
2012 in order to test the methods and design and to practice the
presentation and implementation of the study. The pilot test
took place in a school outside Gothenburg, Sweden; 5 girls and
1 boy from one classroom were recruited. The participants in
the pilot test used the same methods as the participants in the
main study, however, they used the mobile phone app and
Web-based dietary registration method on the same 3 days
instead of in separate weeks. Based on the experiences from the
pilot test, the methods were revised prior to the evaluation study
regarding design of the mobile phone app and presentation of
the study to the participants.
A sample-size analysis was performed when designing the study
in order to estimate the number of participants needed to detect
an 837 kJ (200 kcal) difference between EI and TEE at alpha
.05 and 80% power. A 100 kcal difference between the methods
could also be considered meaningful, however, this corresponds
to a small amount of food such as a glass of milk or a banana,
and it is not likely that a dietary assessment method will be this
exact. The equation used was as follows:
n=2 × (2.8 × Standard deviation/Difference)2
The standard deviation was derived from a previous study
among 15 year olds (n=35) in Gothenburg, Sweden, which was
different between girls and boys [26]. According to the
sample-size calculation, the number of girls needed was 50 and
the number of boys needed was 64.
Adolescents in year nine (14 to 16 year olds) were recruited to
the study by visits to schools. Head teachers of 136 schools in
Gothenburg, Sweden, and neighboring municipalities were
contacted by post, email, or telephone with a short description
of the study and its aims. Head teachers were asked if they
would pass on email addresses or phone numbers of teachers
to contact regarding the study. Teachers of physical education
and health, and home and consumer studies were suggested
since the study was relevant to these subjects. In some cases,
contact with teachers was established through colleagues at the
department, or through teachers who had been visited previously
during the study year. The study was presented to teachers by
email or telephone and they were asked if they were willing to
assign class time to present the study and to recruit participants.
Recruitment to the study was done continually throughout the
year and at least two reminders were sent to all head teachers
JMIR mHealth uHealth 2015 | vol. 3 | iss. 4 | e93 | p. 4
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and teachers who did not respond to the first email. In total, 17
presentations of the study were held in 12 schools: five
presentations in four schools during spring term and 12
presentations in eight schools during autumn term. In some
cases, the study was presented only to those adolescents who
had said they were interested in the study when asked by their
teacher. Out of 389 adolescents from 28 school classes who
were given information about the study, 148 adolescents (38.0%)
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were recruited, including 85 girls (57.4%) and 63 boys (42.6%)
(see Figure 1).
This study was conducted according to the guidelines laid down
in the Declaration of Helsinki and all procedures involving
human subjects were approved by the Regional Ethical Review
Board in Umeå, Sweden. Written informed consent was obtained
from all participants.

Figure 1. Flowchart of participants included in the different analyses.

Data Collection Procedures

registration method and were provided with the booklet on
portion sizes and a notebook needed for using the method.

From January 2013 to December 2013, the first author (ÅS),
together with an assistant, visited the school classes and
presented the study and methods to the adolescents. They were
told about the aim of the study, that participation was voluntary,
and that all collected data would be treated with confidentiality.
Those who chose to participate filled out an informed consent
form and a questionnaire, were measured for weight and height,
and were given the material needed to participate in the study.
If the participant had not yet turned 15 years of age, both the
adolescent and their parent or guardian signed the informed
consent form. Those who did not have an Android mobile phone
were given the opportunity to borrow a mobile phone with a
data traffic subscription and a charger from the university, and
were given an instruction manual on how to use the mobile
phone (72/148, 48.6%). Those who had their own Android
mobile phone were given instructions and help on how to
download and install the app on their mobile phones (9/148,
6.1%). The remaining 67 adolescents were excluded. All
participants were provided with an SWA and were instructed
on how to use it. During spring term, participants were also
given instructions and log-in details for the Web-based dietary

The participants were asked to complete 3 days of dietary
recording using the mobile phone app. Participants recruited
during the spring term were also asked to complete an additional
3 days of dietary recording using the Web-based method.
Because of difficulties in recruiting adolescents and perceived
high participant burden among the participants recruited during
the spring term, the participants recruited during the autumn
term were not asked to complete the additional 3 days of dietary
recording using the Web-based method. The days for registration
were decided beforehand with the aim to have Mondays to
Thursdays, Fridays, and weekends equally represented in the
final data. Participants who recorded dietary intake using both
mobile phones and computers were asked to complete the
records on the same days of week, meaning that if they recorded
with the mobile phone app on Thursday to Saturday during the
first week they would record using the Web-based method on
Thursday to Saturday of the following week. Half of the
participants were asked to start with the mobile phone app and
half with the Web-based method.
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All participants were asked to record everything they ate or
drank during the days of registration, including snacks and
condiments, and to give the consumed amounts. They were
asked to eat as usual and not change their dietary intake during
the study. If the participant could not find the correct food or
dish in the mobile phone app then they were asked to choose a
similar food or record each part of a dish one at a time,
respectively. On the same days that they recorded dietary intake,
the participants were instructed to wear the SWA from 00:00
(or before going to bed the night before the measurement period)
to 24:00 (or until waking up in the morning after the
measurement period) and to only take it off when they were
going to get wet.
Group interviews were conducted with participants
approximately 1 to 2 weeks after they had participated in the
study in order to identify strengths and problems with the mobile
phone app method. Results of the group interviews will be used
in future work to improve dietary assessment methods and are
not presented here.

Data Analysis and Statistics
Statistical analyses were performed with IBM SPSS version 21,
and P values ≤.05 were considered significant. The variables
were checked for normality using the Shapiro-Wilk test. Some
of the variables had a skewed distribution and, consequently,
nonparametric tests were principally used.
Days with reported EI below 2092 kJ (500 kcal) were excluded,
and to be included in analyses the SWA had to be worn for at
least 19 hours (80%) of the day. These cutoffs were chosen in
order to include a realistic completion of the methods.
Implausible values of recorded food intake were found in the
records of 8 participants with the mobile phone app and for 1
participant with the Web-based method. The participants in
question were contacted and more realistic values were obtained.
Data are presented as median (interquartile range [IQR]), mean
(SD), and percentage proportion. The Mann-Whitney U test
was used to compare continuous variables between girls and
boys and between participants with different weight status.
Since participants classified for thinness and obesity were too
few to be analyzed separately, thinness was combined with
normal weight and obesity was combined with overweight in
the analysis. The Wilcoxon signed rank sum test and
paired-samples t test were used to analyze the difference
between EI and TEE, as well as TEE being estimated with the
mobile phone app and measured with the SWA. Bland-Altman
plots and Spearman correlation coefficients were used to
evaluate the reporting accuracy of EI and TEE assessed with
the mobile phone app in comparison with TEE from the SWA.
In total, 15 of the 81 participants (19%) included in the main
analysis had missing data on one or more questions in the
questionnaire. For 2 of the participants with missing data on
the Figure Rating Scale, data were imputed as No discrepancy
between perceived and ideal body size. One participant did not
reply to the question about frequency of eating breakfast and
lunch in the school canteen, and for this participant the missing
values were imputed with 7 days/week and 5 days/week,
respectively. For 7 of the participants with missing data on the
http://mhealth.jmir.org/2015/4/e93/
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scale measuring conscientiousness (1-3 items each), data were
imputed as the middle alternative, Neither inaccurate nor
accurate, for the respective items. Furthermore, data were
missing for the scales measuring social desirability (n=3, one
item each), uncontrolled eating (n=2, one item each), and
cognitive restraint (n=3, one, two, or three items each). These
values were imputed with the median response to the items by
the other participants. Results did not differ when using imputed
values compared with only including data from the 66
participants with complete questionnaires.
The effect of questionnaire variables, as well as gender and BMI
z-score, on reporting accuracy of EI (EI-TEE) was investigated
by stepwise linear regression analysis, after having tested the
variables one by one in linear regression models. The variable
for eating breakfast was categorized as 7 or less than 7
days/week, and having lunch in the school canteen was
categorized as 5 or less than 5 days/week. The variables
regarding whether the participants found the study
comprehensible, manageable, and meaningful, and whether they
thought that what they ate was important were categorized as
yes or somewhat/no, since few answered no to these questions.
Additional variables in the model were school, parental
education level reported by the participants (highest of both
parents categorized as low, medium, or high), whether the
participants and/or parent(s) were born outside of Sweden, and
the presence of a weekend day in the EI record. Since there was
a dependency of reporting accuracy on TEE, a second analysis
was performed with the outcome variable ([EI-TEE]/TEE).
Variables selected in the stepwise models were tested in a mixed
linear model together with school as a random factor to take
into account the dependent observations, although this did not
affect the results. Factors that could possibly influence reporting
accuracy were additionally investigated by calculating the mean
difference between EI and TEE from the SWA, 95% CI, and
Spearman correlations in subsamples based on responses to the
questionnaire and questions in the mobile phone app. In these
analyses, median was used as a cutoff for continuous variables.
An additional analysis was performed comparing the mobile
phone app and the Web-based method of dietary assessment.
Differences in EI, nutrient intakes, and food groups between
the two methods were analyzed using the Wilcoxon signed rank
sum test and Spearman correlations. Results from this analysis
should be interpreted with caution due to the small sample size
(n=15).

Results
Use of the Methods
The number of participants that completed the different methods
are presented in Figure 1. The participants were asked to record
their diet for 3 days, however, several participants recorded for
up to 6 days. In total, 81 participants had assessments of both
EI with the mobile phone app and TEE with the SWA.
Furthermore, 58 of the participants who answered the questions
in the evening in the mobile phone app also had diet data for
the specific days (Figure 1). Of the 92 participants answering
the questions in the mobile phone app, 69 (75%) had SWA data
on the same or proximate days. Of the 47 participants expected
JMIR mHealth uHealth 2015 | vol. 3 | iss. 4 | e93 | p. 6
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to record their diets using the mobile phone app and the
Web-based method during spring, 15 (32%) completed both
methods. Because of the difficulties in recruiting participants
and the low number of participants that completed all methods,
we consider this to be an evaluation study rather than a
validation study of the mobile phone app method.

Participant Characteristics
Participant characteristics are presented in Table 1. The majority
(69/81, 85%) of the 81 participants were classified as being of
normal weight, however, 6% (5/81) were classified as thin, 14%
(11/81) as overweight, and 1% (1/81) as obese. The most
common response to the question about parents’ highest
completed education was university or college. A majority of
the participants were born in Sweden and had parents born in
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Sweden, but participants with parents born outside of Sweden
(20/81, 25%) were also common (see Table 1). Parental
education level and origin of participants did not differ between
the participants and the general population from which they
were recruited. A total of 4 girls and 1 boy (all normal weight)
reported eating a special diet. A total of 2 girls reported a
lactose-free diet, 1 girl reported a gluten-free diet, and 1 girl
reported excluding red meat from her diet. The boy reported
excluding pork from his diet. Data regarding factors that may
influence the accuracy of reported dietary intake are presented
in Table 2. In total, 12 participants out of 81 (15%) reported
taking dietary supplements—multivitamins, vitamin D, vitamin
C, iron, calcium, and creatine—during registration days with
the mobile phone app.
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Table 1. Characteristics of Swedish adolescent study participants.
Characteristics

All

Girls

Boys

(n=81)

(n=50)

(n=31)

Thinness/

Overweight/
a

normal weight (n=69) obesea
(n=12)

Age in years, median (IQRb)

15.5 (0.5)

15.5 (0.6)

15.5 (0.4)

15.5 (0.5)

15.6 (0.5)

Weight (kg), median (IQR)

59.9 (12.5)

57.4 (9.6)c

66.1 (15.7)c

58.0 (9.8)c

77.2 (17.0)c

Height (cm), median (IQR)

170.6 (12.9)

164.9 (13.5)c

176.5 (12.0)c

170.0 (12.8)

172.8 (13.8)

BMId(kg/m2), median (IQR)

21.1 (3.1)

21.1 (2.5)

20.9 (4.1)

20.7 (2.4)c

25.8 (1.4)c

BMI z-scorea, median (IQR)

0.44 (0.84)

0.38 (0.71)

0.53 (1.02)

0.33 (0.76)c

1.73 (0.37)c

Female

50 (62)

50 (100)

31 (100)

44 (64)

6 (50)

Male

31 (38)

0 (0)

0 (0)

25 (36)

6 (50)

Thinness grade 2

1 (1)

0 (0)

1 (3)

1 (1)

0 (0)

Thinness grade 1

4 (5)

3 (6)

1 (3)

4 (6)

0 (0)

Normal weight

64 (79)

41 (82)

23 (74)

64 (93)

0 (0)

Overweight

11 (14)

6 (12)

5 (16)

0 (0)

11 (92)

Obese

1 (1)

0 (0)

1 (3)

0 (0)

1 (8)

No formal education

1 (1)

0 (0)

1 (3)

0 (0)

1 (8)

Nine-year compulsory school

14 (17)

5 (10)

9 (29)

11 (16)

3 (25)

Two-year upper secondary school/folk
high school/

8 (10)

5 (10)

3 (10)

6 (9)

2 (17)

At least three-year upper secondary
school

18 (22)

13 (26)

5 (16)

16 (23)

2 (17)

College/university

40 (49)

27 (54)

13 (42)

36 (52)

4 (33)

None

58 (72)

38 (76)

20 (65)

51 (74)

7 (58)

Only parent(s)

20 (25)

11 (22)

9 (29)

16 (23)

4 (33)

Only participant

1 (1)

0 (0)

1 (3)

1 (1)

0 (0)

Participant and parent(s)

2 (2)

1 (2)

1 (3)

1 (1)

1 (8)

Gender, n (%)

Weight status a , n (%)

Parents’ highest education e ,
n (%)

vocational training

Born outside Sweden e , n (%)

a

Using cutoff values according to Cole and Lobstein [25].

b

Interquartile range (IQR).

c

P<.001, derived from the Mann-Whitney U test of difference between girls and boys or between thinness/normal weight and overweight/obese.

d

Body mass index (BMI).

e

Question answered by the participant when registering as a user in the mobile phone app.
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Table 2. Factors that may influence accuracy of reported dietary intake of Swedish 15 year olds (scale ranges for all indices are 0 to 100).
Factors

Conscientiousnessb, median (IQRc)

All

Girls

Boys

(n=81)

(n=50)

(n=31)

72 (23),

Thinness/

Overweight/
a

normal weight

obesea

(n=69)

(n=12)

70 (23)

75 (23)

68 (24)

73 (19)

30 (25)f

15 (25)f

25 (28)

25 (24)

62 (14)

62 (19)

62 (14)

62 (22)

34 (36)f

18 (23)f

27 (32)

39 (28)

33 (27)

37 (30)

33 (28)

30 (33)

22 (33)i

11 (22)i

11 (33)

11 (19)

d

alpha =.91
e

Fear of negative evaluation , median (IQR)

25 (25),
alpha=.79

Social desirabilityg, median (IQR)

62 (140),
alpha=.63

Three-Factor Eating Questionnaire R-18 h ,
median (IQR)
Cognitive restraint

32 (30),
alpha=.82

Uncontrolled eating

33 (28),
alpha=.84

Emotional eating

11 (33),
alpha=.86

Figure Rating Scale, n (%)
No discrepancy

25 (31)

13 (26)

12 (39)

23 (33)

2 (17)

Prefer to be smaller

40 (49)

33 (66)

7 (22)

30 (44)

10 (83)

Prefer to be larger

16 (20)

4 (8)

12 (39)

16 (23)

0 (0)

7 days/week

54 (67)

32 (64)

22 (71)

47 (68)

7 (58)

<7 days/week

27 (33)

18 (36)

9 (29)

22 (32)

5 (42)

5 days/week

56 (69)

35 (70)

21 (68)

46 (67)

10 (83)

<5 days/week

25 (31)

15 (30)

10 (32)

23 (33)

2 (7)

Yes

41 (51)

28 (56)

13 (42)

36 (52)

5 (42)

Somewhat

34 (42)

21 (42)

13 (42)

27 (39)

7 (58)

No

6 (7)

1 (2)

5 (16)

6 (9)

0 (0)

Yes

62 (77)

39 (78)

23 (74)

54 (78)

8 (67)

Somewhat

18 (22)

10 (20)

8 (26)

14 (21)

4 (33)

No

1 (1)

1 (2)

0 (0)

1 (1)

0 (0)

Yes

64 (79)

41 (82)

23 (74)

56 (81)

8 (67)

Somewhat

16 (20)

8 (16)

8 (26)

12 (18)

4 (33)

No

1 (1)

1 (2)

0 (0)

1 (1)

0 (0)

Yes

50 (62)

32 (64)

18 (58)

42 (61)

8 (67)

Somewhat

26 (32)

16 (32)

10 (32)

22 (32)

4 (33)

No

5 (6)

2 (4)

3 (10)

5 (7)

0 (0)

Eating breakfast, n (%)

Lunch in school canteen, n (%)

Is what you eat important to you?, n (%)

Study is comprehensible, n (%)

Study is manageable, n (%)

Study is meaningful, n (%)

a

Using cutoff values according to Cole and Lobstein [25].
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b

Fifteen items selected from the International Personality Item Pool [24].

c

Interquartile range (IQR).

d

Cronbach alpha.

e

Five items selected from the Brief Fear of Negative Evaluation Scale [22].

f

P<.05, derived from the Mann-Whitney U test of difference between girls and boys or between thinness/normal weight and overweight/obese.

g

Seven items selected from the Marlowe-Crowne Social Desirability Scale [23].

h

Revised 18-item (R-18) Three-Factor Eating Questionnaire.

i

P<.01, derived from the Mann-Whitney U test of difference between girls and boys or between thinness/normal weight and overweight/obese.

Evaluation of Reported Energy Intake
Of the 81 participants, 10 (12%) had 1 day of assessed EI, 11
(14%) had 2 days, 54 (67%) had 3 days, and 6 (7%) had 4 to 6
days. Of the 81 participants, 13 (16%) had 1 day of measured
TEE with the SWA, 17 (21%) had 2 days, 40 (49%) had 3 days,
and 11 (14%) had 4 to 6 days. Of the 222 days of assessed EI,
134 (60.4%) were weekdays and 88 (39.6%) were weekend
days. The number of participants out of 81 with a weekend day
in their EI record was 55 (68%). Of the 222 measured days of
TEESWA, the number of weekdays was 145 (65.3%) and the
number of weekend days was 77 (34.7%). The SWA was worn
an average of 23 (SD 1) hours per day.
The median difference between EI and TEE was -2837 (IQR
3452) kJ/day, and assessed EI was 71% of measured TEE by
SWA (P<.001) (see Table 3). The corresponding result
expressed as a mean difference was -2586 (SD 2908) kJ/day
(95% CI -3231 to -1945), or an EI of 75% of TEESWA (P<.001).
There was no significant correlation between EI and TEE. A
total of 5 individuals out of 81 (6%)—all boys of which 1 was
overweight and 1 obese—were outside the limits of agreement
(see Figures 2-4). In total, out of 81 participants, 7 (9%)
individuals (1 girl and 6 boys) were within ±5% of their
TEESWA, 63 (78%) underestimated EI, and 11 (14%)
overestimated EI. Of those underestimating EI, 68% (43/63)
were girls. Reporting accuracy of EI did not differ between girls
and boys (Table 3).
When testing each variable, there was a positive association
between reporting accuracy (EI-TEESWA) and TEE (P<.001),
and between reporting accuracy and emotional eating (P=.04).
Reporting accuracy was higher with a weekend day in the record
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(P<.001) (Table 4). Furthermore, a negative association was
found for reporting accuracy and BMI z-score (P<.001). In a
stepwise model, TEE (P<.001) and a weekend day in the record
(P=.01) were significantly associated with reporting accuracy
(EI-TEE). Reporting accuracy of EI relative to TEESWA,
([EI-TEESWA]/TEESWA), was higher with a weekend day in the
record of EI (P=.002, P=.007), and lower with higher BMI
z-score (P<.001, P=.001) when tested separately and in a
stepwise model, respectively (Table 4). The correlation between
EI and TEE was still not significant, and underestimation of EI
was still significant in the analysis that included the participants
(n=55) with a weekend day in the record.
Of the 58 participants who answered the daily questions in the
mobile phone app, 44 (76%) stated that they had recorded 95
to 100% of their dietary intake in the mobile phone app on 87
days in total. In this sample, the median difference between EI
and TEESWA was -1347 (IQR 4372) kJ/day, or EI was 88% of
TEESWA. When only including the 47 participants who answered
that they had not felt anxious during registration day (90 days
in total), the median difference between EI and TEESWA was
-1753 (IQR 5134) kJ/day, or EI was 82% of TEESWA. When
only the 56 participants who had not tried to change their weight
during registration day were included (127 days in total), the
median difference between EI and TEESWA was -2004 (IQR
4263) kJ/day, or EI was 80% of TEESWA. When only the 46
participants who replied that they had not felt stressed during
registration day were included (91 days in total), the median
difference between EI and TEESWA was -2322 (IQR 4682)
kJ/day, or EI was 76% of TEESWA. The correlation between EI
and TEESWA was not significant in any of these subsamples and
underreporting of EI was significant in all samples.
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Table 3. Assessed energy intake and total energy expenditure using a mobile phone app, as well as total energy expenditure measured with the SenseWear
Armband among Swedish 15 year olds.
Measures

All
(n=81)

BMRc(kJ/day),

Girls
a

(n=50)

Boys
a

(n=31)

Thinness/
a

Overweight/
b

normal weight

obeseb

(n=69)a

(n=12)a

6473 (1270)

6112 (537)e

7641 (1161)e

6305 (1121)e

7483 (2270)e

6904 (3427)

6527 (2410)g

7845 (4268)g

6924 (2975)

5309 (4749)

9680 (1866)

9217 (1607)e

10,816 (2870)e

9637 (1750)g

10,573 (3577)g

11,172 (2945)

10,452 (1319)e

13,143 (1899)e

10,733 (2526)e

13,675 (3892)e

1.08 (0.47)

1.10 (0.42)

1.06 (0.58)

1.11 (0.42)g

0.71 (0.56)g

1.48 (0.29)

1.49 (0.20)

1.36 (0.33)

1.49 (0.25)

1.36 (0.35)

-2837 (3452)

-2799 (2602)

-3368 (4954)

-2782 (3454)

-3787 (4937)

0.71 (0.36)

0.70 (0.28)

0.74 (0.49)

0.72 (0.36)

0.58 (0.41)

1683 (1696)

1524 (944)j

2516 (1897)j

1575 (1480)g

2358 (2307)g

1.19 (0.17)

1.17 (0.13)

1.23 (0.26)

1.18 (0.18)

1.21 (0.30)

.13 (.24)

.27 (.06)

-.16 (.39)

.14 (.27)

.27 (.40)

.75 (<.001)

.59 (<.001)

.69 (<.001)

.74 (<.001)

.59 (.04)

median (IQRd)
EIf(kJ/day),
median (IQR)
TEESWAh(kJ/day),
median (IQR)
TEEappi(kJ/day),
median (IQR)
EI/BMR,
median (IQR)
TEESWA/BMR,
median (IQR)
EI-TEESWA (kJ/day),
median (IQR)
EI/TEESWA,
median (IQR)
TEEapp-TEESWA (kJ/day),
median (IQR)
TEEapp/TEESWA,
median (IQR)
Correlation of EI
and TEESWA, ρ (P)
Correlation of TEEapp
and TEESWA, ρ (P)
a

In the analysis comparing total energy expenditure assessed with mobile phone app and total energy expenditure from the SenseWear Armband, n=69:
41 girls and 28 boys, 57 thinness/normal weight and 12 overweight/obese.
b

Using cutoff values according to Cole and Lobstein [25].

c

Basal metabolic rate (BMR) calculated according to Shofield [17].

d

Interquartile range (IQR).

e

P<.001, derived from the Mann-Whitney U test of difference between girls and boys or between thinness/normal weight and overweight/obese.

f

Energy intake (EI).

g

P<.05, derived from the Mann-Whitney U test of difference between girls and boys or between thinness/normal weight and overweight/obese.

h

Total energy expenditure measured by the SenseWear Armband (TEESWA).

i

Total energy expenditure reported via the mobile phone app (TEEapp).

j

P<.01, derived from the Mann-Whitney U test of difference between girls and boys or between thinness/normal weight and overweight/obese.
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Table 4. Factors influencing reporting accuracy of energy intake.
Factors

Univariable model

Stepwise multivariable

(EIa-TEEb,c),

model (EI-TEEc),

Univariable model
(EI-TEE)/TEE ,

model (EI-TEE)/TEEc,

b (95% CI)

b (95% CI)

b (95% CI)

b (95% CI)

c

Stepwise multivariable

Gender
Girl

N/Ad

N/A

Boy

-367 (-1696, 962)

0.04 (-0.09, 0.16)

-1509 (-2206, -812)f

-0.13 (-0.20, -0.07)f

-0.12 (-0.18, -0.05)g

N/A

N/A

Body mass index
z-score

e

TEEc(kJ)

-0.82 (-1.13, -0.51)f

-0.70 (-1.01, -0.39)f

Parents’ education h
Low

462 (-2357, 1433)

-0.02 (-0.20, 0.16)

Medium

N/A

N/A

High

195 (-1277, 1668)

-0.001 (-0.140, 0.140)

N/A

N/A

Born outside Sweden h
No

Participant and/or parent(s) -1020 (-2438, 397)

-0.11 (-0.25, 0.03)

Weekend day in record
No

N/A

N/A

N/A

N/A

Yes

2380 (1099, 3660)f

1557 (351, 2763)g

0.20 (0.08, 0.33)g

0.16 (0.05, 0.28)g

School
School 1

N/A

N/A

School 2

755 (-2375, 3884)

0.08 (-0.22, 0.38)

School 3

-683 (-3930, 2564)

-0.05 (-0.36, 0.26)

School 4

-1165 (-4412, 2082)

-0.11 (-0.43, 0.20)

School 5

-2108 (-5238, 1021)

-0.12 (-0.42, 0.18)

School 6

-1323 (-4571, 1924)

-0.13 (-0.45, 0.18)

School 7

-403 (-3180, 2372)

0.02 (-0.25, 0.29)

School 8

2337 (-911, 5584)

0.26 (-0.05, 0.58)

School 9

106 (-3300, 3512)

0.005 (-0.32, 0.33)

School 10

2164 (-965, 5293)

0.23 (-0.08, 0.53)

School 11

242 (-2887, 3371)

0.03 (-0.27, 0.33)

School 12

-942 (-4348, 2464)

-0.09 (-0.42, 0.24)

Fear of negative evaluation

15 (-23, 53)

0.001 (-0.002, 0.005)

Conscientiousness

27 (-14, 67)

0.002 (-0.002, 0.006)

Social desirability

6 (-46, 57)

-0.001 (-0.005, 0.005)

Cognitive restraint

-9 (-40, 23)

-0.002 (-0.005, 0.001)

Uncontrolled eating

7 (-26, 41)

0.001 (-0.002, 0.004)

i

0.002 (-0.001, 0.005)

Emotional eating

28 (2, 55)

Prefer to be
Smaller

425 (-1047, 1897)

0.04 (-0.11, 0.17)

No discrepancy

N/A

N/A

Larger

1445 (-403, 3294)

0.170 (-0.002, 0.350)
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Univariable model

Stepwise multivariable

(EIa-TEEb,c),

model (EI-TEEc),

Univariable model
(EI-TEE)/TEE ,

model (EI-TEE)/TEEc,

b (95% CI)

b (95% CI)

b (95% CI)

b (95% CI)

c

Stepwise multivariable

Breakfast
<7 days/week

N/A

N/A

7 days/week

141 (-1232, 1515)

0.006 (-0.130, 0.140)

<5 days/week

N/A

N/A

5 days/week

-974 (-2358, 411)

-0.11 (-0.24, 0.02)

Somewhat/no

N/A

N/A

Yes

350 (-942, 1643)

0.02 (-0.10, 0.15)

Somewhat/no

N/A

N/A

Yes

468 (-1056, 1993)

0.01 (-0.14, 0.16)

Somewhat/no

N/A

N/A

Yes

1363 (-198, 2923)

0.10 (-0.05, 0.25)

Somewhat/no

N/A

N/A

Yes

1030 (-282, 2341)

0.07 (-0.06, 0.20)

Lunch in school canteen

What I eat is important

Study is comprehensible

Study is manageable

Study is meaningful

a

Energy intake (EI).

b

Total energy expenditure (TEE).

c

Total energy expenditure measured by SenseWear Armband (TEESWA).

d

Not applicable (N/A).

e

According to Cole and Lobstein [25].

f

P<.001.

g

P<.01.

h

Question answered by the participant when registering as a user in the mobile phone app.

i

P<.05.
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Figure 2. Bland-Altman plot comparing energy intake (EI) assessed with a newly developed mobile phone app and total energy expenditure measured
with the SenseWear Armband (TEESWA) in 81 adolescents. The sample is displayed by gender: girls (closed circles; solid regression line) and boys
(open circles; dashed regression line).

Figure 3. Bland-Altman plot comparing energy intake (EI) assessed with a newly developed mobile phone app and total energy expenditure measured
with the SenseWear Armband (TEESWA) in 81 adolescents. The sample is displayed by weight status: thinness/normal weight (closed circles; solid
regression line) and overweight/obese (open circles; dashed regression line).
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Figure 4. Bland-Altman plot comparing energy intake (EI) assessed with a newly developed mobile phone app and total energy expenditure measured
with the SenseWear Armband (TEESWA) in 81 adolescents. The sample is displayed by records with and without a weekend day: records with a
weekend day (closed circles; solid regression line) and records without a weekend day (open circles; dashed regression line).

Evaluation of Reported Total Energy Expenditure
Of the 69 participants included in this analysis, 17 (25%) had
1 day of TEE estimated with the mobile phone app, 18 (26%)
had 2 days, 26 (38%) had 3 days, and 8 (12%) had 4 to 5 days.
Of the 69 participants, 11 (16%) had 1 day of TEE measured
with the SWA, 16 (23%) had 2 days, 34 (49%) had 3 days, and
8 (12%) had 4 to 6 days.
The median difference between TEEapp and TEESWA was 1683
(IQR 1696) kJ/day, or TEEapp was 1.19 times the value of
TEESWA (P<.001) (see Table 3). The corresponding result
expressed as mean difference was 1858 (SD 1230) kJ/day (95%
CI 1563-2153), or TEEapp was 1.20 times the value of TEESWA
(P<.001). A total of 4 individuals out of 69 (6%) were outside
the limits of agreement: 2 boys and 2 girls, of which 1 was
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normal weight (see Figures 5 and 6). In total, 8 individuals out
of 69 (12%)—5 girls and 3 boys—were within ±5% of measured
TEESWA. Underestimation of TEEapp was seen in 1 (1%)
participant out of 69, and overestimation was seen in 60 (87%)
participants. The correlation between TEE from the mobile
phone app and the SWA was .75 (P<.001). A correlation
coefficient of .63 (P<.001) was seen when comparing
participants' weight with TEESWA. However, PAL values derived
from the mobile phone app were also significantly correlated
with TEESWA (.37, P=.002) and with average metabolic
equivalents from the SWA (.31, P=.009). Analysis by gender
showed that correlations of PAL values from the mobile phone
app with TEE (.49, P=.008) and average metabolic equivalents
(.54, P=.003) from the SWA were statistically significant only
for boys.
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Figure 5. Bland-Altman plot comparing total energy expenditure estimated with a newly developed mobile phone app (TEEapp) and with the SenseWear
Armband (TEESWA) in 69 adolescents. The sample is displayed by gender: girls (closed circles; solid regression line) and boys (open circles; dashed
regression line).

Figure 6. Bland-Altman plot comparing total energy expenditure estimated with a newly developed mobile phone app (TEEapp) and with the SenseWear
Armband (TEESWA) in 69 adolescents. The sample is displayed by weight status: thinness/normal weight (closed circles; solid regression line) and
overweight/obese (open circles; dashed regression line).

Comparison Between Mobile Phone App and
Web-Based Method
Of the 15 participants included in this analysis, 1 individual
(7%) used the mobile phone app to register diet on 1 day, 3
(20%) used it on 2 days, and 11 (73%) used it on 3 days. The
Web-based method was used by 3 participants (20%) on 2 days
and by 12 participants (80%) on 3 days. Of the 40 days with
dietary data from the mobile phone app, 29 (73%) were
weekdays and 11 (28%) were weekend days. Of the 42 days
with dietary data from the Web-based method, 30 (71%) were
weekdays and 12 (29%) weekend days.
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The median EI assessed with the mobile phone app was 6011
(IQR 4072) kJ/day and with the Web-based method was 6899
(IQR 2579) kJ/day (P=.36). The correlation between EI assessed
with the mobile phone app and the Web-based method was .53
(P=.04). Of the macronutrients, fat (.54, P=.04), fiber (.60,
P=.02), and monosaccharides (.67, P=.007) were significantly
correlated between the mobile phone app and the Web-based
method. Of the 18 investigated micronutrients, folate (.59,
P=.02), iron (.66, P=.008), vitamin A (.55, P=.04), and vitamin
E (.75, P=.001) were significantly correlated between the
methods. Furthermore, six of the 34 investigated food groups
were significantly correlated: beer, wine, and spirits; breakfast
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cereals; milk, fermented milk, and yogurt; nuts and savory
snacks; soft drinks, sport drinks, and energy drinks; and sugar,
syrup, honey, and artificial sweeteners (results not shown).
Intake of protein, juice, and pasta were significantly different
when the two methods were compared. The correlation between
EIapp-TEE and EIWeb-TEE was .74 (P=.002), indicating a similar
reporting accuracy of participants with the two methods.
Reporting accuracy of EI compared with TEE from the SWA
did not differ significantly between the methods.

Discussion
Principal Findings
The results showed that a mobile phone app for the recording
of dietary intake captured a median EI that was 71% of TEE
from the SWA in adolescents, and that there was no correlation
between EI and TEE. Furthermore, BMI z-score and the
presence of a weekend day in the EI record were the only
investigated variables associated with reporting accuracy relative
to TEE. Reported EI was almost 90% of TEE when only
including the participants who said that they had recorded almost
all of their dietary intake. EI, nutrients, and food groups assessed
with the mobile phone app and Web-based method were
generally not significantly correlated and not significantly
different. TEE assessed with the mobile phone app was 1.19
times the value of TEE from the SWA on a group level, and
there was a significant correlation between the two methods for
TEE, and for physical activity among boys.
In a systematic review from 2010, the authors concluded that
adolescents underestimate EI with food records by 18 to 42%
[27], which is in line with the results of this study. A mobile
phone food record method has been developed for use among
adolescents, in which food images taken with the mobile phone
camera are automatically identified and quantified, and nutrients
are calculated [28]. To our knowledge, there are as yet no studies
among adolescents evaluating assessed intakes from mobile
phone food records with reference methods in free-living
conditions. A previous study in 1998 among Swedish
adolescents showed a mean reported EI for boys and girls of
82% and 78% of TEE, respectively, using a traditional
pencil-and-paper food record over 7 days [29]. A study on US
adolescents showed that the mean reported EI with a traditional
food record over 2 weeks was 81% and 59% of TEE in nonobese
and obese participants, respectively [30].
Factors influencing the accuracy of reported EI among
adolescents have previously been described as belonging to the
categories anthropometric, sociodemographic, psychosocial,
behavioral, and parental characteristics [31]. In a sample of 11to 17-year-old French adolescents, variables positively
associated with underestimating EI included being overweight,
having a wish to weigh less, having a restrictive diet, eating
breakfast less than 7 days per week, and irregular school canteen
attendance when tested individually in logistic regression models
[15]. In a stepwise model, for example, being overweight and
having a wish to weigh less were significantly associated with
underestimation in the same study. In this study, wishing to
weigh less, having a restrictive diet, eating breakfast less than
7 days per week, and irregular school canteen attendance were
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not associated with an underestimation of EI. Since reporting
accuracy showed a dependence on the average energy values,
the analysis was performed with the outcome variable,
(EI-TEE)/TEE. BMI z-score and having a weekend day in the
record of EI were the only investigated variables significantly
associated with reporting accuracy relative to TEE. Including
a weekend day in the record of EI has previously been shown
to increase reporting accuracy in a sample of overweight and
obese Swedish children who kept food records with the help of
digital cameras [7]. One explanation could be that the
participants have more time during the weekend to complete a
food record. Another possible explanation is that participants
could have a higher EI during the weekends and that this is
reflected in the diet records. However, previous studies in
Swedish children have shown that EI was not significantly
different between days of the week [32-34]. The negative
association between BMI and reporting accuracy has been
shown previously in Swedish 15 year olds [29].
Bexelius et al constructed a mobile phone-distributed
questionnaire consisting of only two questions about physical
activity which adult women replied to every day for 2 weeks
[13]. Aggregated PAL values were in good agreement with PAL
from the DLW method, although within-subject variation in
PAL between different days was high. Further evaluating the
daily PAL compared with PAL from accelerometry showed
that there was a true high within-subject variability in activity
levels [35]. In this study, using only one question about the
activity level at the end of each day gave TEE that correlated
well with TEE from the SWA, even with only a few days use
of each method. Since both the SWA and the mobile phone app
use the participant’s weight to calculate TEE, a strong
correlation between the methods can be expected. A statistically
significant correlation was obtained when comparing TEE from
the SWA with participants’ weight. Statistically significant
correlations were, however, also found when comparing PAL
values from the mobile phone app with TEE and the average
metabolic equivalents from the SWA, but only for boys.
Furthermore, TEE from the mobile phone app was overestimated
compared with the SWA, indicating that the PAL values were
set too high and should be moderately adjusted.
The analysis comparing EI, nutrients, and foods between the
mobile phone app and the Web-based method included only 15
individuals and the two methods were used during separate
weeks. Since dietary intake varies from day to day, it cannot be
expected that the same foods are captured with the two methods.
We considered the option of having both methods conducted
on the same days. However, this involves drawbacks such as
increased respondent burden and the methods influencing each
other. It was therefore decided to conduct the methods on
separate weeks but on the same days of the week. When
investigating the relative validity of a method it is desirable to
use a reference method with independent errors, for example,
comparing food records with 24-hour recall. This study
compared two different food records which, since they have the
same embedded errors, could lead to an overestimation of the
correlation between the methods. Monosaccharides, folate, iron,
vitamin A, and vitamin E were the only nutrients significantly
correlated between the two methods. Furthermore, six of the
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34 food groups were significantly correlated, and one nutrient
and two food groups were significantly different between the
methods. These results are most likely attributable to the small
sample size in this analysis. It should also be kept in mind that
the many statistical tests increase the risk of chance findings.
It proved to be difficult to recruit participants to this study. Of
the 389 invited adolescents, 38.0% (148/389) decided to
participate. Of these, 54.7% (81/148) completed the mobile
phone food record and the SWA and were included in the main
analysis (81/389, 20.8% of those invited). The poor participation
rate reduces the power to detect differences. Furthermore, this
study includes a selection process for participants which was
done in several steps. It can be assumed that a certain category
of teachers agreed to assign class time for the study, and that
the adolescents who decided to participate differed in motivation
from those who did not.
Previous research has shown that practice with the equipment
makes the participants more skilled in using it [36]. It is,
however, not always possible to give the participants training
prior to a dietary study. We aimed to make a mobile phone app
that was self-explanatory, and handed out instructions to the
participants. Despite this, giving the participants more training
with the mobile phone app might have made the recording of
dietary intake easier for them. Furthermore, most participants
borrowed an Android mobile phone from the university to use
in the study. Being unaccustomed to the type of mobile phone
used could have also affected the reporting of dietary intake by
making it more difficult for the participants. The participants
received feedback about their registered dietary intake. They
were asked not to change their intake based on the feedback;
however, they might have done so.

Limitations
Limitations of this study include the few days of registration,
since EI varies over time. Some of the participants had only 1
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day of recorded EI, however, 60% had 3 days or more. The
proportion of weekends in the data from the mobile phone app
and the SWA were approximately the same. The SWA may not
have accurately measured the TEE of the participants. We have
not been able to find validation studies of the SWA in measuring
TEE among adolescents, and studies conducted in other groups
show varying results [37]. In a validation study of the SWA
against DLW in overweight children aged 8 to 11 years where
the software programs Innerview Professional 5.1 and
SenseWear Professional 6.0 were evaluated, valid results on a
group level were shown for Innerview Professional 5.1 but not
for SenseWear Professional 6.0 in this age group [38].
Furthermore, the SWA was not valid on an individual level.
Although we do not know whether the same results apply to
our age group, the fact that EI from the mobile phone app and
TEE from the SWA did not significantly correlate in this study
may be due to the SWA not being valid to measure TEE on an
individual level.

Conclusions
In conclusion, the mobile phone food record app did not
accurately assess EI of adolescents when compared with TEE
from the SWA in this evaluation study. Having a weekend day
in the record of EI improved reporting accuracy, and BMI
z-score was negatively associated with reporting accuracy.
Furthermore, the mobile phone app was able to accurately rank
adolescents’ TEE, as well as the physical activity level among
boys by using only one question about physical activity at the
end of the day.
Further development of the mobile phone app method should
focus on improved functions to search and record consumed
foods, for example, by automatizing these steps as much as
possible. Users could, for example, have the option of sending
food photographs to the researcher. The app should also be
developed for iPhone so that more participants will be able to
use their own mobile phones.

Acknowledgments
This study was supported by grants from the Swedish Agency for Innovation Systems; the Swedish Research Council for
Environment, Agricultural Sciences and Spatial Planning; Umeå University; and Vårdal Foundation for Healthcare Sciences and
Allergy Research. The funders had no role in the design, analysis, or writing of this article. The authors would like to thank the
participants in this study and their teachers, and Moa Hallmyr Lewis, Agneta Mattiasson, and Christopher Holmberg for assistance
with data collection. They would also like to thank Mats Högdal and Fredrik Bäck for work with the mobile phone app and server,
and the National Food Agency for providing the database tables and portion size pictures that were used in the method.

Authors' Contributions
Both authors contributed to the conception and design of the study, the development of the method, as well as analysis and
interpretation of the data. ÅS drafted the paper and CL contributed to its content and approved the final version submitted.

Conflicts of Interest
None declared.

References
1.
2.

Rutishauser IH. Dietary intake measurements. Public Health Nutr 2005 Oct;8(7A):1100-1107. [Medline: 16277822]
Poslusna K, Ruprich J, de Vries JH, Jakubikova M, van't Veer P. Misreporting of energy and micronutrient intake estimated
by food records and 24 hour recalls, control and adjustment methods in practice. Br J Nutr 2009 Jul;101 Suppl 2:S73-S85.
[doi: 10.1017/S0007114509990602] [Medline: 19594967]

http://mhealth.jmir.org/2015/4/e93/

XSL• FO
RenderX

JMIR mHealth uHealth 2015 | vol. 3 | iss. 4 | e93 | p. 18
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
3.

4.
5.
6.

7.

8.

9.

10.

11.

12.
13.

14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.
25.
26.

27.

Amcoff E, Edberg A, Enghardt Barbieri H, Lindroos AK, Nälsén C, Pearson M, et al. Riksmaten - Vuxna 2010-11.
Livsmedels- och näringsintag bland vuxna i Sverige. Uppsala, Sweden: Livsmedelsverket; 2012 Sep. URL: http://www.
livsmedelsverket.se/globalassets/matvanor-halsa-miljo/kostrad-matvanor/matvaneundersokningar/riksmaten_2010_20111.
pdf?id=3588 [accessed 2015-09-28] [WebCite Cache ID 6btKQVMMi]
Livingstone MBE, Robson PJ, Wallace JMW. Issues in dietary intake assessment of children and adolescents. Br J Nutr
2004 Oct;92 Suppl 2:S213-S222. [Medline: 15522159]
Boushey CJ, Kerr DA, Wright J, Lutes KD, Ebert DS, Delp EJ. Use of technology in children's dietary assessment. Eur J
Clin Nutr 2009 Feb;63 Suppl 1:S50-S57 [FREE Full text] [doi: 10.1038/ejcn.2008.65] [Medline: 19190645]
Kikunaga S, Tin T, Ishibashi G, Wang DH, Kira S. The application of a handheld personal digital assistant with camera
and mobile phone card (Wellnavi) to the general population in a dietary survey. J Nutr Sci Vitaminol 2007 Apr;53(2):109-116
[FREE Full text] [Medline: 17615997]
Svensson Å, Waling M, Bäcklund C, Larsson C. Overweight and obese children's ability to report energy intake using
digital camera food records during a 2-year study. J Nutr Metab 2012;2012:247389 [FREE Full text] [doi:
10.1155/2012/247389] [Medline: 22957217]
Martin CK, Correa JB, Han H, Allen HR, Rood JC, Champagne CM, et al. Validity of the Remote Food Photography
Method (RFPM) for estimating energy and nutrient intake in near real-time. Obesity 2012 Apr;20(4):891-899 [FREE Full
text] [doi: 10.1038/oby.2011.344] [Medline: 22134199]
Long JD, Boswell C, Rogers TJ, Littlefield LA, Estep G, Shriver BJ, et al. Effectiveness of cell phones and
mypyramidtracker.gov to estimate fruit and vegetable intake. Appl Nurs Res 2013 Feb;26(1):17-23. [doi:
10.1016/j.apnr.2012.08.002] [Medline: 23182338]
Long JD, Littlefield LA, Estep G, Martin H, Rogers TJ, Boswell C, et al. Evidence review of technology and dietary
assessment. Worldviews Evid Based Nurs 2010 Dec;7(4):191-204. [doi: 10.1111/j.1741-6787.2009.00173.x] [Medline:
19804586]
Ungar och Medier 2012/13: Fakta om Barns och Ungas Användning och Upplevelser av Medier. Stockholm, Sweden:
Statens medieråd; 2013. URL: http://www.statensmedierad.se/download/18.3d35018c150001239d91a877/1443358522280/
Ungar_och_medier_2013_fullfarg.pdf [accessed 2015-09-28] [WebCite Cache ID 6cfBUHGaf]
Schoeller DA. Validation of habitual energy intake. Public Health Nutr 2002 Dec;5(6A):883-888. [doi: 10.1079/PHN2002378]
[Medline: 12633511]
Bexelius C, Löf M, Sandin S, Trolle Lagerros Y, Forsum E, Litton J. Measures of physical activity using cell phones:
Validation using criterion methods. J Med Internet Res 2010;12(1):e2 [FREE Full text] [doi: 10.2196/jmir.1298] [Medline:
20118036]
Livingstone MBE, Black AE. Markers of the validity of reported energy intake. J Nutr 2003 Mar;133 Suppl 3:895S-920S
[FREE Full text] [Medline: 12612176]
Lioret S, Touvier M, Balin M, Huybrechts I, Dubuisson C, Dufour A, et al. Characteristics of energy under-reporting in
children and adolescents. Br J Nutr 2011 Jun;105(11):1671-1680. [doi: 10.1017/S0007114510005465] [Medline: 21262062]
The Nordic Council of Ministers. Nordic Nutrition Recommendations 2004: Integrating Nutrition and Physical Activity.
4th edition. Copenhagen, Denmark: Nordic Council of Ministers; 2005.
Shofield W, Shofield C, James W. Basal metabolic rate: review and prediction. Hum Nutr Clin Nutr 1985;39 Suppl 1:1-96.
Torun B. Energy requirements of children and adolescents. Public Health Nutr 2005 Oct;8(7A):968-993. [Medline: 16277815]
Maurer J, Taren DL, Teixeira PJ, Thomson CA, Lohman TG, Going SB, et al. The psychosocial and behavioral characteristics
related to energy misreporting. Nutr Rev 2006 Feb;64(2 Pt 1):53-66. [Medline: 16536182]
Karlsson J, Persson LO, Sjöström L, Sullivan M. Psychometric properties and factor structure of the Three-Factor Eating
Questionnaire (TFEQ) in obese men and women. Results from the Swedish Obese Subjects (SOS) study. Int J Obes Relat
Metab Disord 2000 Dec;24(12):1715-1725. [Medline: 11126230]
Stunkard AJ, Sørensen T, Schulsinger F. Use of the Danish Adoption Register for the study of obesity and thinness. Res
Publ Assoc Res Nerv Ment Dis 1983;60:115-120. [Medline: 6823524]
Leary MR. A brief version of the Fear of Negative Evaluation Scale. Personality and Social Psychology Bulletin 1983
Sep;9(3):371-375.
Crowne DP, Marlowe D. A new scale of social desirability independent of psychopathology. J Consult Psychol 1960
Aug;24:349-354. [Medline: 13813058]
Goldberg L, Johnson J, Eber H, Hogan R, Ashton M, Cloninger C, et al. The international personality item pool and the
future of public-domain personality measures. J Res Pers 2006 Feb;40(1):84-96. [doi: 10.1016/j.jrp.2005.08.007]
Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity. Pediatr
Obes 2012 Aug;7(4):284-294. [doi: 10.1111/j.2047-6310.2012.00064.x] [Medline: 22715120]
Sjöberg A, Slinde F, Arvidsson D, Ellegård L, Gramatkovski E, Hallberg L, et al. Energy intake in Swedish adolescents:
validation of diet history with doubly labelled water. Eur J Clin Nutr 2003 Dec;57(12):1643-1652. [doi:
10.1038/sj.ejcn.1601892] [Medline: 14647231]
Rankin D, Hanekom S, Wright H, MacIntyre U. Dietary assessment methodology for adolescents: a review of reproducibility
and validation studies. South Afr J Clin Nutr 2010;23(2):65-74.

http://mhealth.jmir.org/2015/4/e93/

XSL• FO
RenderX

Svensson & Larsson

JMIR mHealth uHealth 2015 | vol. 3 | iss. 4 | e93 | p. 19
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
28.
29.

30.
31.
32.

33.
34.
35.

36.
37.

38.

Svensson & Larsson

Schap TE, Zhu F, Delp EJ, Boushey CJ. Merging dietary assessment with the adolescent lifestyle. J Hum Nutr Diet 2014
Jan;27 Suppl 1:82-88 [FREE Full text] [doi: 10.1111/jhn.12071] [Medline: 23489518]
Bratteby LE, Sandhagen B, Fan H, Enghardt H, Samuelson G. Total energy expenditure and physical activity as assessed
by the doubly labeled water method in Swedish adolescents in whom energy intake was underestimated by 7-d diet records.
Am J Clin Nutr 1998 May;67(5):905-911 [FREE Full text] [Medline: 9583848]
Bandini LG, Schoeller DA, Cyr HN, Dietz WH. Validity of reported energy intake in obese and nonobese adolescents. Am
J Clin Nutr 1990 Sep;52(3):421-425 [FREE Full text] [Medline: 2393004]
Forrestal SG. Energy intake misreporting among children and adolescents: a literature review. Matern Child Nutr 2011
Apr;7(2):112-127. [doi: 10.1111/j.1740-8709.2010.00270.x] [Medline: 20735731]
Svensson Å, Larsson C, Eiben G, Lanfer A, Pala V, Hebestreit A, et al. European children's sugar intake on weekdays
versus weekends: the IDEFICS study. Eur J Clin Nutr 2014 Jul;68(7):822-828. [doi: 10.1038/ejcn.2014.87] [Medline:
24824016]
Garemo M, Lenner RA, Strandvik B. Swedish pre-school children eat too much junk food and sucrose. Acta Paediatr 2007
Feb;96(2):266-272. [Medline: 17429918]
Sepp H, Lennernäs M, Pettersson R, Abrahamsson L. Children's nutrient intake at preschool and at home. Acta Paediatr
2001 May;90(5):483-491. [Medline: 11430705]
Bexelius C, Sandin S, Trolle Lagerros Y, Litton J, Löf M. Estimation of physical activity levels using cell phone
questionnaires: A comparison with accelerometry for evaluation of between-subject and within-subject variations. J Med
Internet Res 2011;13(3):e70 [FREE Full text] [doi: 10.2196/jmir.1686] [Medline: 21946080]
Six BL, Schap TE, Zhu FM, Mariappan A, Bosch M, Delp EJ, et al. Evidence-based development of a mobile telephone
food record. J Am Diet Assoc 2010 Jan;110(1):74-79 [FREE Full text] [doi: 10.1016/j.jada.2009.10.010] [Medline: 20102830]
Van Remoortel H, Giavedoni S, Raste Y, Burtin C, Louvaris Z, Gimeno-Santos E, PROactive consortium. Validity of
activity monitors in health and chronic disease: A systematic review. Int J Behav Nutr Phys Act 2012;9:84 [FREE Full
text] [doi: 10.1186/1479-5868-9-84] [Medline: 22776399]
Bäcklund C, Sundelin G, Larsson C. Validity of armband measuring energy expenditure in overweight and obese children.
Med Sci Sports Exerc 2010 Jun;42(6):1154-1161. [doi: 10.1249/MSS.0b013e3181c84091] [Medline: 19997020]

Abbreviations
BMI: body mass index
BMR: basal metabolic rate
DLW: doubly labeled water
EE: energy expenditure
EI: energy intake
EIapp: energy intake reported via the mobile phone app
EIWeb: energy intake recorded using the Web-based method
IQR: interquartile range
N/A: not applicable
PAL: physical activity level
R-18: Revised 18-item (Three-Factor Eating Questionnaire)
SWA: SenseWear Armband
TEE: total energy expenditure
TEEapp: total energy expenditure reported via the mobile phone app
TEESWA: total energy expenditure measured by the SenseWear Armband

Edited by G Eysenbach; submitted 05.06.15; peer-reviewed by S Ekström, D Ebert, J Long; comments to author 09.07.15; revised
version received 18.08.15; accepted 02.09.15; published 03.11.15
Please cite as:
Svensson Å, Larsson C
A Mobile Phone App for Dietary Intake Assessment in Adolescents: An Evaluation Study
JMIR mHealth uHealth 2015;3(4):e93
URL: http://mhealth.jmir.org/2015/4/e93/
doi: 10.2196/mhealth.4804
PMID: 26534783

http://mhealth.jmir.org/2015/4/e93/

XSL• FO
RenderX

JMIR mHealth uHealth 2015 | vol. 3 | iss. 4 | e93 | p. 20
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Svensson & Larsson

©Åsa Svensson, Christel Larsson. Originally published in JMIR Mhealth and Uhealth (http://mhealth.jmir.org), 03.11.2015. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR mhealth and uhealth, is properly cited. The complete bibliographic information,
a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

http://mhealth.jmir.org/2015/4/e93/

XSL• FO
RenderX

JMIR mHealth uHealth 2015 | vol. 3 | iss. 4 | e93 | p. 21
(page number not for citation purposes)

