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Evaluation of a mobile application
for estimation of food intake

Avaliacao de um aplicativo movel para
a estimativa de ingestdo alimentar
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ABSTRACT

Objective

Evaluate the use of the Nutrabem (Sdo Paulo, Brasil) mobile application as a tool for measurement of food
intake among university students.

Methods

Cross-sectional study of a random sample of 40 undergraduate students at the Universidade Federal de Sao
Paulo, Campus Baixada Santista. Food intake data were estimated using the Nutrabem app and the 24-hour
dietary recall. Intakes of energy, carbohydrates, proteins, lipids, calcium, iron, and vitamin C were calculated.
The intake of food groups and diet quality were evaluated by the Diet Quality Index associated with the Digital
Food Guide. The agreement between the methods was assessed using the Pearson’s correlation coefficient and
the Student’ t-test.

Results

Strong correlations were observed between energy (0.77), carbohydrates (0.82) and protein (0.83). The groups:
poultry, fish, and eggs; beef and pork; refined grains and breads; and fruits and legumes showed strong
correlations (between 0.76 and 0.85). There were moderate correlations (0.59 and 0.71) between the groups
sugars and sweets; whole grains, tubers and roots, milk and dairy products, animal fats, and the Diet Quality
Index associated with the Digital Food Guide scores. Vegetables and leafy greens, nuts, and vegetable oils
showed weak correlations (0.31 and 0.43). Homogeneity assessment revealed similarity between the results
obtained by both methods (p>0.05).

Conclusion

The Nutrabem app can be used as a tool to assess dietary intake among university students since it produces
results similar to those obtained by the 24-hour dietary recall method.
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RESUMO

Objetivo

Avaliar a utilizacdo do aplicativo Nutrabem (Sdo Paulo) como recurso para a medida da ingestdo alimentar
entre universitarios.

Meétodos

Estudo transversal conduzido em uma amostra aleatdria com 40 universitarios adultos da Universidade Federal
de Sdo Paulo, Campus Baixada Santista. Os dados de ingestao alimentar foram estimados por meio do aplicativo
Nutrabem e pelo Recordatdrio de 24 horas, foram calculados os valores de ingestdo de energia, carboidratos,
proteinas, lipideos, célcio, ferro e vitamina C; avaliou-se ainda a ingestao sequndo grupos alimentares e qualidade
da dieta conforme o Indice de Qualidade da Dieta associado ao Guia Alimentar Digital. A concordéncia entre
0s métodos foi estimada pelo coeficiente de correlacao linear Pearson e Teste-t.

Resultados

Foram observadas correlacoes fortes para energia (0,77), carboidratos (0,82) e proteinas (0,83). Os grupos
aves, pescados e ovos, carnes bovina e suina, cereais e paes refinados, frutas e lequminosas apresentaram
correlacoes fortes (entre 0,76 e 0,85); acucares e doces, cereais integrais, tubérculos e raizes, leite e derivados,
gorduras de origem animal e a pontuacdo do Indice de Qualidade da Dieta associado ao Guia Alimentar Digital
apresentam correlagbes moderadas (0,59 e 0,71); hortalicas, oleaginosas e os dleos vegetais apresentam
correlacées fracas (valores entre 0,31 e 0,43). A avaliacdo de homogeneidade dos dados mostrou haver
semelhanga entre os resultados obtidos por ambos os métodos (p>0,05).

Conclusao

O aplicativo Nutrabem pode ser mais uma ferramenta no estudo de ingestao alimentar de jovens universitarios,
uma vez que produz resultados semelhantes aos obtidos pelo Recordatdrio de 24 horas.

Palavras-chave: Dieta. Inquéritos sobre dieta. Vigilancia nutricional.

INTRODUCTION time’. In order to increase the reliability of the
results, the 24hr method is usually administered
three times to reduce errors arising from

intraindividual variability®'°. Moreover, it is

Eating habits have positive and negative
effects on human health. It has been shown that

an adequate intake of in natura and minimally  ¢ggested that an interview protocol is used to
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processed foods is associated with prevention of
chronic diseases'3. On the other hand, excessive
intake of refined grains, fats, and added sugars is
one of the main factors causing the obesity
epidemic*. Thus, the knowledge about the
population food intake pattern is of great
importance®®.

Food intake can be estimated using
different methods, and the most commonly used
are the Food Frequency Questionnaire (FFQ), the
food diary, and the 24-hour (24hr) dietary recall
interview. The 24hr is the most widely used
method for quantitative assessment of the intake
of energy and nutrients. However, it requires the
availability of the respondent, the presence of a
trained interviewer, and its data collection and
processing require a considerable amount of

reduce interviewer and recall bias, common in
retrospective methods'"'2,

There have been significant changes in the
food intake assessment in terms of data collection
and analysis due to the advances in mobile
technology, reducing the complexity of these
tasks’. Over the past few years, several Internet
and mobile telephony applications have been
developed to promote self-care aiming at
motivating users to adopt a healthy lifestyle. The
advances and diffusion of this technology also
contribute to the usability of mobile platforms for
apps that promote good health and wellbeing'.
In Brazil, the Guia Alimentar Digital (GAD, Digital
Food Guide), built in the Nutrabem (NutraBem
Consultoria, Sao Paulo [SP], Brazil) mobile app, is
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the first tool offered for this purpose. Nutrabem,
an innovative product that was launched in April
2009, results from the scientific cooperation
between the Nutrabem Company and Univer-
sidade Federal de S&o Paulo (Unifesp) researchers.

Another benefit of this technology is that
mobile apps help professionals assess dietary
intake®'. It has been shown that the use of digital
media to collect data on dietary intake is more
effective and less time consuming for the
interviewer since gathering and analyzing food
intake data is a complex task”'#'>. Therefore,
methods that use information and communication
technology contribute to the quality and accuracy
of dietary intake data'®, promoting the interaction
between the patient and the healthcare
professional™ and supporting dietary intake
studies'.

To our knowledge, in Brazil, there is no
study on the use of mobile apps as a tool to assess
food intake.

The main purpose of this study is to
evaluate the use of the Nutrabem mobile app as
a tool for measurement of food intake among
university students by comparing its data with
those obtained using the 24hr method.

METHODS

Cross-sectional study of a random
sample of 40 undergraduate students at the
Unifesp — Campus Baixada Santista of both sexes
and aged 20-24 years. Exclusion criteria were:
students who did not agree to sign the consent
form; be an undergraduate student in Nutrition;
be undergoing dietary intervention treatment; not
owing a smartphone; had used the Nutrabem app
prior to the start of the study.

A preliminary experiment was conducted
on a random sample of ten university students
with the same characteristics of the study subjects
in order to assess the intrapersonal and
interpersonal variability within the group. This
experiment indicated that a sample of 40
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individuals would be able to produce results
accurate enough to identify significant differences
in the variables of interest in this study with the
power of 0.8.

Students’ dietary intake was estimated
using the Nutrabem mobile application and the
24hr method. Data were collected over three days
(with a time interval), including 1 weekend day,
using the two methods to estimate the usual
intake of each subject calculating the average of
these results. The 24hr interviews were always
conducted on the day after the app was used in
order to consider the same food record added to
the app by the student. There was a maximum
interval of two weeks between the first and third
day of data collection.

Dietetic variables analyzed and compared
by the 2 methods were: energy, carbohydrates,
proteins, lipids, calcium, iron, and vitamin C.
Energy and the macronutrients were assessed to
determine the sensitivity of the method proposed
to variables that are important in dietary
assessment. Calcium and iron were assessed due
to the high prevalence of inadequate intake of
these micronutrients, and vitamin C was
considered as the diet quality indicator of in natura
food intake'’.

The Diet Quality Index associated with
GAD developed and validated by Caivano &
Domene'® was adopted. It was also used in the
conversion of food intake data into the following
food groups: sugars and sweets; poultry, fish, and
eggs; beef and pork; refined grains and breads;
whole grains; tubers and roots; fruits, animal fats;
vegetables and leafy greens; legumes; nuts; milk
and dairy products; and vegetable oils. The Diet
Quality Index associated with the GAD was used
to determine the final diet quality result.

The research participants were introduced
to the Nutrabem app and were given instructions
on how to use it. The app has an intuitive design,
it is easy to use and provide objective information
about its operation and functions'. Its functions
allow entering information about all foods and
drinks consumed, identifying the item and
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informing the amounts in common household
measures or according to weight for each one of
the meals (breakfast, mid-morning snack, lunch,
mid-afternoon snack, dinner, and late-evening
snack). To start using the app, the user has to
enter his/her personal and anthropometric data
(weight and height). Then, information is entered
in a linear way, and the foods consumed are
added according to the date and meal by typing
the information of each item. The user then
checks the Nutrabem app household measures
list and enters the amount of each food or drink
consumed. At the end of each day, user sends
the data added to the app to the researcher by
e-mail from the mobile app.

The interviews were conducted by trained
researchers to reduce interviewer bias. The
method was applied using the Multiple-Pass
Method.

Dietary intake data obtained through the
two instruments were analyzed to obtain the
nutrition information using the Nutrabem Pro
food composition database’, created based on
the Tabela Brasileira de Composicdo dos Alimen-
tos (Taco, Brazilian Table of Food Composition)?
and the Food Composition Table (United States
Department of Agriculture)?'. Intakes of energy,
macronutrients, calcium, iron, and vitamin C
obtained by the two methods were entered and
processed into the Statistical Package for Social

https://doi.org/10.1590/1678-98652017000100009

Sciences (SPSS, Chicago, lllinois, United States of
America). The agreement between the data
collected by the 24hr interviews and the app
concerning each variable of interest was assessed
using the Pearson’s correlation coefficient and the
Student’s t-test. Additionally, the correlation
between the mean values of the portion sizes of
food groups consumed (poultry, fish, and eggs;
beef and pork; refined grains and breads; fruits
and legumes; sugars and sweets, whole grains,
tubers and roots; milk and dairy products; animal
fats; vegetables and leafy greens; nuts; and
vegetable oils) and the Diet Quality Index (GAD)®
scores obtained by both methods were assessed.

This study followed the recommendations
of the National Council on Ethics in Human
Research and was approved by the Research Ethics
Committee of the Unifesp (Protocol n® 921.257),
on December 16, 2014.

RESULTS

The sample of 40 subjects was composed
of 34 women (85%); the average age of the
respondents was 21 years (Standard Deviation
[SD]=1.22).

The mean and standard deviations of
energy and nutrient intake estimated by the two
methods are shown in Table 1.

There were no statistically significant
differences between the energy nutrient intakes

Table 1. Means and Standard Deviation (SD) of energy and nutrient intake of university students and assessment of agreement
between dietary intakes estimated by the 24-hour dietary recall (24hr) and the Nutrabem app. Brazil, 2015.

24hr App Pearson’s correlation coefficient Student’s t-test

Dietetic variables - — - e—cp Mean®  SD Coef. al Oif.  p a

Energy (kcal) 1949.50 560.91 1804.40 696.39 0.77" 0.69 0.87 145.09 0.52 -136.38 426.57
Carbohydrate (g) 230.00 65.50 217.52 72.34 0.82" 0.71 0.90 1248 0.23 -18.23  43.20
Protein (g) 86.60 39.21 88.67 7717 0.83" 0.73 0.94 -2.06 0.58 -29.31  25.18
Lipid (g) 7630 27.20 65.11  25.06 0.71* 0.55 0.84 11.19  0.40 -0.45 22.83
Calcium (mg) 741.02 27718 663.03 229.98 0.57" 0.29 0.78 77.99 0.42 -35.38 191.36
Iron (mg) 10.34 3.56 9.93 4.46 0.66" 0.32 0.87 0.40 0.55 -1.38 2.20
Vitamin C (mg) 81.00 51.84 77.14 51.68 0.60" 0.41 0.81 3.85 0093 -19.18 26.89

Note: “p<0.01. 2Mean values of three assessments.

SD: Standard Deviation; Coef.: Coefficient; Cl: Confidence Interval; Dif.:Difference.
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(p<0.05), indicating agreement between the
methods for all variables assessed.

There was a strong correlation between
the methods for energy (0.77, Confidence Interval
[Cl]=0.69-0.87), carbohydrates (0.82, CI=0.71-
0.90) and protein (0.83, Cl=0.73-0.94) intakes.
There were moderate correlations between the
values of lipids, iron, calcium, and vitamin C (0.71,
0.66, 0.57, and 0.60, respectively).

Table 2 shows the mean values of the
portion sizes of food groups consumed, the
IQD-GAD scores estimated based on the data
obtained by both methods, and the correlation
coefficients. Strong correlations were observed
for the groups: poultry, fish, and eggs; beef and
pork; refined grains and breads; fruits and
legumes (between 0.76 and 0.85). The groups:
sugars and sweets; whole grains; tubers and roots;
milk and dairy products; animal fats and the Diet
Quality Index — GAD scores showed moderate
correlations (0.59 and 0.71). Finally, the groups:
Vegetables and leafy greens; nuts; and vegetable
oils showed weak correlations (0.31 and 0.43).

A guantitative analysis was carried out for
each food item evaluated by both methods to
determine any differences in intake. However,
although there were differences between the two

MOBILE APPLICATION AND DIETARY INTAKE | 95

methods, there were no significant quantitative
differences since the increase or the under-report
of intake was similar in both methods.

DISCUSSION

The present study compared the energy
and nutrient intake data among university adults
estimated by the 24hr method with the data
obtained using the Nutrabem app to estimate the
agreement between these methods. There was
agreement between the two methods (p>0.05)
for all parameters analyzed.

The strong correlations between energy,
carbohydrates, and protein, and the moderate
correlation between lipids, iron, calcium, and
vitamin C found in this study are similar to those
found by Touvier et al.?2. The authors reported
dietary intake data obtained by the 24hr method
and by a web-based dietary recording. The authors
reported good agreement and reproducibility
between the methods for the following variables:
food groups, energy, nutrients, and user satisfaction,
with correlation values ranging from 0.6 to 0.9
for nutrients, which also indicated moderate to
strong correlations.

Table 2. Mean values of the portion sizes of food groups consumed among university students assessment of agreement between
dietary intakes estimated by the 24-hour dietary recall (24hr) and the Nutrabem app. Brazil, 2015.

24hr App Pearson’s correlation coefficient
Food groups
Mean? SD Mean SD Coefficient Cl

Poultry, fish, and eggs 1.65 1.45 1.72 2.69 0.85™ 0.71 0.95
Sugars and sweets 5.15 3.16 4.95 3.29 0.68™ 0.47 0.87
Beef and pork 1.68 1.27 1.80 1.37 0.76™ 0.43 0.93
Refined grains and breads 3.11 1.35 3.02 1.54 0.82" 0.64 0.92
Whole grains, tubers and roots 0.71 0.86 0.76 0.86 071" 0.23 0.91
Vegetables and leafy greens 1.12 0.56 1.02 0.99 0.43™ 0.34 0.77
Milk and dairy products 1.84 1.18 1.50 0.82 0.59"" 0.43 0.78
Fruits 0.73 0.60 0.69 0.59 0.78"" 0.64 0.89
Animal fats 1.46 1.59 0.99 1.06 0.68™ 0.42 0.92
Legumes 0.34 0.41 0.32 0.34 0.85™ 0.70 0.95
Nuts 0.08 0.23 0.07 0.28 031" -0.08 0.92
Vegetable oils 2.10 1.28 1.52 0.71 0.37" 0.05 0.68
Diet Quality Index 39.49 7.46 39.48 8.16 0.64™ 0.38 0.82

Note: “p<0.05; **<0.01. ®Mean values of three assessments.
SD: Standard Deviation; Cl: Confidence Interval.
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In a similar study with adolescents, other
authors compared a web-based self-administered
record with the 24hr interview conducted by
dietitians and found strong correlations between
energy and nutrient intake, with values >0.86.
As for the food groups, the analyses showed
moderate to strong correlations (>0.72); data
similar to those obtained in this study??. In the
study mentioned above, Touvier et al.?? considered
different food groups from those evaluated in the
present study, which hinders comparison.
However, for similar groups, the results of the
following groups were consistent: beef; poultry,
fish, and eggs and fruits, which showed strong
correlations. sugars and sweets, tubers, milk and
dairy products, and animal fats showed moderate
correlations, and, unlike the findings of this study,
there were no weak correlations. The groups of
legumes, whole grains, nuts, and vegetable oils
and the Diet Quality Index — GAD scores were
not assessed by the authors.

The tool used in the present study showed
some limitations. One of them is that when the
data were collected some more updated Android
smartphones did not have the “delete food”
function. This function was a feature that was
activated by a specific button that was included
only in the initial smartphone models. Therefore,
when the food information added was wrong,
the users of these devices were asked to point
out these foods when sending their dietary intake
information to the researcher. This problem has
already been solved by the manufacturer. Another
limitation found by the quantitative analyses of
each food item is related to the underreporting
of foods consumed, which was observed in both
protocols. This finding is in agreement with the
findings of Vance et al.**, who compared the food
intake data obtained using a web-based dietary
assessment tool and data obtained using the 24hr
method to assess energy under-reporting. The
data were assessed as a function of gender and
nutritional status, and the results showed
evidence of similar under-reporting of energy
intake in both instruments. This finding can be
attributed to the subjective dimensions of
nutrition, the respondent’s memory, the

https://doi.org/10.1590/1678-98652017000100009

willingness of the respondents to provide answers,
and the extent to which the respondents
understand instructions; these are the dimensions
that usually lead to biased results and data
inconsistency. Inadequate identification of foods
and recipes by the participants was also detected
in both methods based on a comparative analysis
of food entered into the Nutrabem app and
corresponding information given in the 24hr
method. This information accounts for only
2.52% of the listed items. However, this limitation
cannot be characterized as a unique limitation of
the object of our study of this study because even
during the interview with a previously trained
interviewer (24hr) there may be misunderstanding
during information collection?>%4.

Furthermore, one must consider that the
effect of exposure to successive employment of
the methods, common in comparative assessments,
can mask recall bias that is usually observed in
retrospective methods*’:22.

Another limitation of the present study is
related to the fact that the sample was mainly
composed of females, which suggests a possible
selection bias. However, the Unifesp 2015 census
showed that women outnumbered men in the
university admissions, accounting for 54.6% of
the admissions in 2015. The Santos Campus had
the highest admission rate for women in the same
year, with 65.8%72°.

It is suggested that the quality of the
assessment carried out by digital instruments may
reduce as a function of age and improve as a
function of level of education and computer
knowledge of the participants?. Therefore, the
population of the present study represents a
potential audience for this type of evaluation.
Further investigations should assess the
performance of this tool for the general
population.

Although digital technology cannot resolve
all inconsistencies of conventional methods,
several studies have argued in favor of the high
acceptability and feasibility of digital and/or online
assessment tools since the internet access is likely
to increase in different socioeconomic and
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demographic strata, regardless of the age of the
population?’. Castell et al.?® and Baldo et al.?°
believe that digital technology is an interesting
and useful tool for dietary intake recording and
assessment. Among its benefits are the reduction
of interviewer bias and the reduction of time and
cost of data collection. The advantage of digital
technology is demonstrated by the quality of data
collection compared to that of the conventional
methods?®.

The present study showed agreement
between the methods used to estimate dietary
intake for the nutritional variables, energy,
and six nutrients, representing a larger number
of variables than that reported in most studies
available, which usually consider only the
macronutrients®. Based on the data analysis, it
can be said that the use of digital technology
improves the quality of the data collected when
compared to the use of conventional methods,
as shown in similar studies??232822_ The present
study demonstrates the potential of the Nutrabem
app to support nutritional assistance.

CONCLUSION

Analysis of the agreement between the
results obtained by the 24hr method and the
Nutrabem app allow us to conclude that this
mobile application can be used by dietitians as
another tool to assess the dietary intake of
university students in terms of energy,
carbohydrates, proteins, lipids, calcium, iron, and
vitamin C since it produced similar results to those
obtained by 24hr method. Further investigations
are needed to identify limitations related to the
correlations found between the food groups and
to allow extrapolating the results to other
populations.

Although the identified mobile app
limitations can be corrected by the dietitian during
data collection, the necessary adjustments
discussed in this study may indicate the need for
improvements in mobile technology to enhance
the quality of the collection and processing of
data in future studies.
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This study showed the need for further
investigations focusing on the improvement of
digital methods to assess dietary intake and thus
increase the number of available tools for
monitoring nutrition indicators and positively
impact the health of the population.
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