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Resumo
O acesso fácil à informação possibilita a oportunidade de promover escolhas alimentares saudáveis. Este
estudo apresenta o Guia Alimentar Digital (GAD), aplicativo para smartphones, e avalia sua capacidade de
promover escolhas alimentares saudáveis. Usuários registram sua ingestão alimentar e recebem dados dos
grupos alimentares e Índice de Qualidade da Dieta, pontuação associada ao GAD. Este estudo analisou a
ingestão alimentar e peso corporal relatados de 442 usuários de ambos os sexos, entre 19 e 50 anos. Após
usar o aplicativo, aproximadamente um terço dos participantes melhoraram seu padrão alimentar e 60%
perderam peso (p < 0,01). A percentagem de indivíduos que consumiram dieta de qualidade ruim diminuiu
8,5%, aqueles que obtiveram qualidade intermediária aumentaram 6,8% e os de alta qualidade aumentaram
1,6% (p = 0,01). Tecnologias da informação podem ser recursos adicionais, apoiando a educação nutricional
e ajudando as pessoas a comerem conscientemente com resultados positivos para a saúde.
Palavras-chave: Promoção da saúde; Prevenção de doenças; Tecnologia médica; Saúde pública;
Comportamento alimentar; Alimento; Tecnologia inovadora; Smartphone; Avaliação dietética; Registro
móvel de alimentos.

Abstract
Easy access to information provides an opportunity to promote healthy food choices. This study presents
the Digital Food Guide (DFG), an application for smartphones, and assesses its ability to promote healthy
food choices. Users record their food intake and receive data regarding food groups and Diet Quality Index,
a score associated with the DFG. This study analyzed the reported food intake and body weight of 442
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users of both genders aged 19 to 50 years. After using the app, approximately one-third of the participants
improved their dietary pattern and 60% lost weight (p < 0.01). The percentage of individuals consuming a
poor-quality diet decreased by 8.5%, individuals consuming an intermediate-quality diet increased by 6.8%
and individuals consuming a high-quality diet increased by 1.6% (p = 0.01). Information technologies may
be additional resources by supporting nutritional education, thus helping individuals to eat consciously
with positive health outcomes.
Keyword: Health promotion; Disease prevention; Medical technology; Public health; Feeding behavior;
Food; Novel technology; Smart phone; Dietary assessment; Mobile food record.

Resumo
Acceso fácil a la información posibilita oportunidad de promover escojas alimentares saludables. Este
estudio presenta la Guía de Alimentación Digital (GAD), la aplicación para smartphones, y su capacidad de
promover escojas alimentares saludables. Usuarios registran su información y reciben datos de los grupos
alimentarios y del Índice de Calidad de la Dieta, pontuación asociada a GAD. Este estudio compara un
ingestión alimentaria y un peso corporal relatados de 442 usuarios de ambos sexos, entre 19 y 50 años.
Después de usar el programa, aproximadamente un tercio de los dos mejoró su patrón alimentario y 60%
pierderon peso (p < 0,01). Un porcentaje de consumo que consumió la dieta de calidad disminuyó un 8,5%,
lo que aumentó el 6,8% y aumentó 1,6% (p = 0,01). Tecnologías de la información pueden ser recursos adicionales, apoyo a la educación nutricional y ayudar a las personas a comer conscientemente con resultados
positivos de salud.
Palabras clave: Promoción de la salud; Prevención de enfermedades; Tecnología medica; Salud pública;
Comportamiento alimentario; Comida; Tecnología innovadora; Teléfono inteligente; Evaluación dietética;
Registro móvil de alimentos.
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Introduction
It is estimated that 1.5 billion adults are overweight and 500 million of these are clinically obese.
Obesity increases the possibility of developing type 2 diabetes and cardiovascular diseases (coronary
heart disease, strokes and hypertension), as well as several types of cancer (colorectal, breast, uterine
and renal)1. Complications related to excess weight between 1998 and 2008 had represented 17% of the
total cost of hospitalizations2. In Brazil, 50.1% of the adult population is overweight and 12.4% are obese3.
In 2011, obesity-related costs accounted for US$ 269.6 million spent by the Brazilian Unified Health System
(Sistema Único de Saúde – SUS), corresponding to 1.86% of all Ministry of Health expenses associated with
hospital and outpatient care4.
Among the strongest risk factors related to chronic non-communicable diseases (NCD) are smoking,
physical inactivity and dietary habits with excessive alcohol consumption, insufficient fruit and vegetable
intake and high consumption of processed and ultra-processed food2,5,6. Ultra-processed food consumption,
including cookies, crisps and other snacks, sugary drinks, and various energy dense products replaces more
nutritious food intake in the diet and is an important contributing factor to the rising of NCD7-9. Food made
with low cost ingredients such as sugar, salt and fat are very palatable and exerts influence on feeding
behavior regulation10. A recent World Health Organization (WHO) report alerts about marketing strategies
that induce consumers to believe that those products are healthy11.
Improvement in eating habits demands a multifactorial approach to achieve a long-term change. Selfmonitoring of food intake can promote progress towards healthier food choices by replacing low nutritional
density foods or those associated with health risks, which is recognized as one of the main strategies to
prevent NCD12-15. It is already demonstrated that knowing the quality of the food contributes to healthy food
choices16.
The concept of self-care is part of the solution to maintain and improve health, when subjects assume
the responsibility of adopting positive food-related attitudes (autonomy) that help prevent and control
NCD and disorders17,18. Self-management requires cognitive processes that turn intentions into behaviors
(self-assessment)12. Mobile applications are a new tool for learning activity19, therefore they can be used as
a resource for nutritional education actions, providing access to diet-and-health related information and
encouraging conscious food choices. 'Promoting self-care' involves understanding that the processes of
forming an attitude and effectively changing consumer behavior are not identical20.
Digital technology may enhance personal 'health care' and can lead individuals to engage in selfmanagement behaviors21–23. The WHO has published a toolkit aligned with the trends observed in human
behavior, regarding how technology is making health systems more efficient and closer to people’s needs
and expectations19.
At first, most applications, e-Health apps, were designed to help NCD patients adopt healthy
lifestyles21,22,24. The growth of mobile communication technologies allows opportunities for research to be
identified with tools that support health care19,21,23,25,26.
The app used in this study follows the international guidelines for a healthy diet adopted by Harvard
School of Public Health27–30 adjusted to Brazilian food habits, in a form of a Diet Quality Index associated
with Digital Food Guide (DQI-DFG), already validated31. This app works as a food registry diary that aims
to incentivize healthy food choices, therefore it is believed that it may help in the habit changing process.
The objective of this study is to present the first results of a positive food consumption pattern shift after
using this app.
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Research design, methods and procedures
Application description: the Nutrabem app was developed in the programming language Objective-C
for the iOS (Apple) operational system, and is the first app designed as a Digital Food Guide for Portuguese
speakers. The list of food and recipes available in this app has more than 3000 items from the Brazilian table
of food composition32, as a priority, and after that, by the nutrient database of United States Department of
Agriculture (USDA)33. Data is transmitted over the mobile phone to a database in a Microsoft SQL Server
(version 10.00.1600.22, 2008, Microsoft®). Users record each food intake and the app calculates portion
sizes according to the food groups. After the complete record of a day, the result of the Diet Quality Index
becomes available. The app informs the user which food groups are being consumed above or below the
recommended number of servings of each DFG group, listed in Table 1.
Study design and data collection: the app has been available for use since April 2009. A retrospective
cohort study was done accessing the user app database. The first food registry was considered as day 1
(D1) and the closest registry up to the moment of data collection was considered as day 2 (D2). The period
between D1 and D2 depends on the initial date of handling the app, and varies between participants. In a
pilot study accomplished to know the perception of the users relating to this app34, it was identified that the
first day of use was enough for users to get familiar with the tool. During this period, users are not worried
about distributing the food registry of each meal along the day. For this reason, the D1 was established at
the first record that contained at least three meals.
Personal data (name, birth date, gender), physical activity and anthropometric self-reported
data were collected and the Body Mass Index (BMI) was calculated35. Daily food intake was assessed
by converting the food reported into food groups with the corresponding number of servings, as
recommended by the DQI-DFG31.
Diet Quality Index associated with Digital Food Guide (DQI-DFG): the main concept of DQI-DFG is
based on the guidelines of the School of Public Health at Harvard University27,31, with adjustments to take
into consideration traditional Brazilian food habits. The main difference between Harvard guidelines
dietary and Brazilian food habit is the valorization of beans intake and other legumes. The validation of this
index was represented by psychometric properties used from the Health Eating Index – 200528. DQI-DFG
is divided into moderation components, to include food that present a risk to health when consumed in
excess, and adequacy components, made up of food groups that seek to ensure nutritional needs. DQI-DFG
has a maximum score of 100 points; a score of more than 80 indicates a “high-quality diet,” scores between
50 and 80 were considered as a “moderate-quality diet,” and scores of less than 50 indicated a “poor-diet
quality”31. Considering the distribution of points per group for each component that makes up the DQI-DFG
as a standard, an increase by at least 10 points between D1 and D2 of the DQI-DFG score was considered to
indicate an improvement of the dietary pattern.
Usage time of the tool: as the usage time of the tool is not the same among the participants, it was decided
to categorize the following ranges: “up to three months”, “three to six months”, “between six months and
oneyear” and “above one year”.
Inclusion criteria: a software update invited all users from April 2009 to November 2011 to join the
study. An informed consent form remained available on the opening screen for six months. Participants of
both genders aged 19 to 50 years who had used the app for at least 15 days were included, unless they were
professional athletes, pregnant or breastfeeding or had any diseases that required a special diet. Aiming
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to reduce the likelihood of analyzing incomplete intake reports, data containing at least three meals were
included to select D1.
Statistical treatment: SPSS® (version PASW Statistics 18.0.0, 2009, IBM Software) for Windows was
used for processing the data adopting 5% significance level (p < 0.05). The Kolmogorov-Smirnov test was
used for verifying whether the variables were normally distributed and the chi-square test was used for
analyzing the categorical variables. The improvement in dietary patterns was further investigated by the
binomial test. Changes in food choices before and after exposure to the DFG were assessed by the Wilcoxon,
McNemar and chi-square tests. Change in weight and BMI after exposure to the DFG was assessed by
the sign-test and Wilcoxon test. The difference between weight change and the period of tool usage was
evaluated by the chi-square test.

Table 1 – Components and scores of the Diet Quality Index associated with the Digital Food Guide (DQI-DFG)

Component (serving size Kcal1)
Moderation components
1.Sugar and sugary foods (72)

Maximum
score

Reference value
(n servings/1000Kcal)
Maximum score

Zero score

≤ 0.5

> 0.5

2

10

2. Beef or pork (105)

5

≤ 0.5

> 0.5

3. Refined grains or bread (140)

5

≤ 0.5

> 0.5

4. Animal fat (60)

10

≤ 0.5

> 0.5

5. Poultry, seafood and eggs (140)

10

≥1

--4

6. Whole grains and bread, tubers and roots (Whole grains: 140
/ Tubers: 75)
7. Fruits (100)

10

≥2

Not consumed

10

≥ 1.5

Not consumed

8. Non-starchy vegetables (40) / Leaf vegetables (10)

10

≥2

Not consumed

9. Beans and other legumes (150)

5

≥1

Not consumed

10. Milk and dairy products (Milk and yogurt: 120 / Cheese: 80)

10

≥ 0.75

Not consumed

11. Nuts (50)

5

≥ 0.25

Not consumed

12. Vegetable oils (72)

10

≥1

Not consumed

Adequacy components

3

Source: Caivano and Domene31, adapted.
Note: 1Serving sizes considering a 2000 kcal reference diet; 2Dichotomous score; 3The score is proportional to the amount of
food consumed from each group until the number of recommended servings per group is met; 4 To admit the possibility of
vegetarian diets.

Results
Characterization of the subjects: out of 23,137 users, 662 (2.86%) agreed to participate in the study after
reading the informed consent term, of whom 34 were excluded because their data was incomplete. Then,
442 subjects met the inclusion criteria. Participants were predominantly women (n = 262; 59%), aged 31
to 50 years (n = 284, 64.3%), had a low level of physical activity (n = 297; 67.2%), and BMI above 25kg/m2
(n = 284; 64.3%). Active subjects account to only 32.8% of the sample.
After exposure to the DFG, 139 (31.45%) individuals, 84 (60.43%) women and 55 (39.57%) men,
improved their DQI-DFG score by at least 10 points (p < 0.01). On the other hand, the DQI-DFG scores of
111 individuals (25.11%) dropped (p < 0.01), meaning that their diets worsened. The group of individuals
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who improved their diets after the exposure to the app was larger than the group who worsened their diets
(p < 0.05). Table 2 contains the number of servings of each food group consumed on D1 and D2. For both
genders, there was a significant reduction in the median intakes of sugary food (p < 0.01) and refined grains
and bread (p < 0.01), even though the latest reported intakes did not reach the reference values. Males
reduced their consumption of beef and pork significantly (p < 0.05) and the new intakes are within the
reference values. The intakes of whole grains, fruit, non-starchy vegetables, beans and other legumes, and
nuts did not change significantly (except the vegetable intake of males) and continued to be low, especially
those regarding legumes and nuts.
We also observed that 265 (60.0%) individuals lost weight, 118 (26.7%) gained weight and 59 (13.3%)
did not experience any weight change (p < 0.01). By comparing the weight and BMI changes between
D1 and D2 among all participants, a median weight loss of 2.1kg for women and 2.6kg for men was
observed, which corresponds to a median loss of 0.16kg/m2 and 0.44 kg/m2, respectively (p < 0.00).
Figure 1 contains the distribution of the differences between BMI loss and gain after exposure to the
app. The BMI change (D2 - D1) showed no statistical difference in relation to the application usage time
(p > 0.05), as shown in Table 3.
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Table 2 – Median of servings by food group consumed before and after exposure to the application (n= 442)
Component

Reference value (serving)

Females
Sugar and sugary foods

0-1

Before exposure (Percentile)

After exposure (Percentile)

25

50

75

25

50

75

P1

0.66

1.88

4.09

0.18

1.49

3.14

<0.01

Poultry, seafood and eggs

0-2

0.11

0.79

1.97

0.06

0.67

1.39

<0.01

Beef and pork

0-1

0.00

0.72

1.90

0.00

0.30

1.73

0.07

Whole grains and bread, tubers and root

4-6

0.24

0.64

1.59

0.00

0.43

1.42

0.08

Refined grains and bread

0-1

1.22

2.39

3.46

0.65

1.74

2.59

<0.01

Fruits

3-5

0.25

1.19

2.25

0.08

0.9

1.89

0.05

Animal fats

0-1

0.00

0.00

1.15

0.00

0.00

0.68

<0.05

Non-starchy vegetables

4-5

0.42

1.08

2.07

0.46

0.92

1.85

0.08

Beans and other legumes

2-3

0.00

0.00

0.89

0.00

0.00

1.12

0.28

Milk and dairy products

1.5-2.5

0.91

1.74

2.85

0.60

1.16

2.11

<0.01

Nuts

0.5-1.5

0.00

0.00

0.00

0.00

0.00

0.00

0.69

2-3

0.62

1.24

2.07

0.48

0.87

1.61

<0.01

Sugar and sugary foods

0-1

0.75

2.66

5.20

0.25

1.41

3.28

<0.01

Poultry, seafood and eggs

0-2

0.16

1.38

2.72

0.18

1.01

2.16

<0.05

Beef and pork

0-1

0.00

1.40

3.39

0.00

0.47

2.73

<0.05

Whole grains and bread, tubers and root

4-6

0.00

0.37

1.45

0.00

0.47

1.47

0.83

Refined grains and bread

0-1

1.56

3.66

5.23

0.82

2.02

3.52

<0.01

Fruits

3-5

0.07

0.98

2.30

0.00

1.07

2.34

0.96

Animal fats

0-1

0.00

0.00

1.18

0.00

0.00

0.74

0.33

Non-starchy vegetables

4-5

0.70

1.30

2.54

0.45

1.00

2.17

<0.05

Vegetable oils
Males

Beans and other legumes

2-3

0.00

0.00

1.29

0.00

0.00

0.89

0.49

Milk and dairy products

1.5-2.5

0.86

2.13

3.58

0.76

1.48

2.59

<0.01

Nuts

0.5-1.5

0.00

0.00

0.00

0.00

0.00

0.00

0.58

2-3

0.80

1.51

2.44

0.56

1.10

1.85

<0.01

Vegetable oils
Source: The authors (2018).
Note: 1 p for changes between occasions
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Source: The authors (2018).
Figure 1 – Distribution of the interquartile range of weight and BMI difference after exposure to the Digital Food Guide (n= 442)

Table 3 – Difference between BMI change and time of exposure to the Digital Food Guide (n= 383)

Application usage time
BMI change

up to three
months

3 to 6 months

between 6 months
and 1 year

above 1 year

Total

loss

68

64

68

65

265

gain

23

25

33

37

118

Total

91

89

101

102

383

Source: The authors (2018).
Note: p>0.05

Discussion
Many health-related apps that support self-care are currently available on smartphones. However,
when it comes to to food intake, the most common apps are limited to counting calories36,37. Therefore, the
Nutrabem app provides access to useful information of consumers’ daily routine regarding to food choices,
helping them to monitor the quality of the diet, and not only caloric intake. Hence, the app under study is
innovative in the sense that it encourages people to reflect about food choices based on knowledge of the
different food groups. This can be noticed by the shift of eating pattern classification, once in which the
percentage of individuals consuming a poor-quality diet decreased by 8.5%, individuals consuming an intermediate-quality diet increased by 6.8% and individuals consuming a high-quality diet increased by 1.6%
(p = 0.01). Food groups belonging to the moderation components (“Sugar and sugary food,” “Beef or pork”,
“Refined grains or bread” and “Animal fat”) when consumed in excess bring about health risk, therefore,
in the process of changing eating patterns, it is necessary to reduce its consumption. It is important to
emphasize the significant decrease in the consumption of “sugary foods” and “refined grains and bread” for
both men and women, given that foods rich in carbohydrates with high glycemic index are associated with
obesity, type 2 diabetes, metabolic syndrome and cardiovascular disease9,38.
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The reduction of “beef or pork” intake in men is significant, despite their consumption being within the
proposed reference value. This result is important when taking into consideration that beef and pork intake
is associated with the risk of developing colorectal cancer39.
A Finnish study, which has as its main objective users’ weight loss and encourages healthy eating and
the practice of physical activity, found that 83% of the users reduced their intakes of added sugar and increased vegetables consumption38. An Italian study, that in addition to promoting weight loss also intended
to advise on the properties of the Mediterranean diet and the benefits of consuming fresh local food, found
that after three months of use of their tool, 83% of subjects showed improvement in their diet quality: 48%
reduced fat intake, 33% decreased the amount of sugar and candy consumption and 17% increased the
amount of vegetables intake40.
Chang and collaborators stated that the adherence to a food registry diary has a positive effect on excess
weight loss34 which can be facilitated by means of a mobile device. The Finnish study found that users lost
more weight than the control group over a period of 12 months38. The Italian study found that 68% of the
users of their app lost weight over a period of 5 months40. Although the percentage of subjects who lost
weight after exposure to the app is high, single observation does not provide full information about longterm maintenance of weight loss. There was no statistically significant difference when analyzing weight
loss in regards to the period of exposure to the app. Despite losing weight being the objective of these users,
26.7% of participants increased their weight by 1.9kg. As there is no direct contact with these participants
we could not analyze the reasons. Other studies are needed to clarify both the weight gain and the associations with the tool usage time.
As smartphones become more popular, accessible and easy to use, their platforms become a great way
to disseminate apps that support wellbeing22,23. The strength of mobile applications include the ease of
recording food intake data and performing analyses26,36. However, most of the apps are build with Americans nutritional value. This characteristic differentiates this app from the others because it valorizes the
nutritional value and the Brazilian food habits. Food intake assessment is complex and has limitations,
notably the quantification of the portion size and the determination of the frequency and the appropriate
identification of the food consumed15,41,42. Previous studies have shown that digital data collection is accurate and demands less effort when filling out a dietary record in a faster and reliable way26,36,41-44.
Limitations section: the total numbers of users in the period of data collection (23.137) does not represent the total amount of active users, i.e., individuals who were using the application in a daily basis. This
number represents the total number of downloads made – it is impossible to identify the number of active
users. It was necessary for the users to connect to the Internet to collect data transmission; during the
study period (2012), network difficulty to access the Internet in Brazil may have hampered the accession
of volunteers and the complete transmission of data, justifying the low response rate. This application is
free and open access to the population, available on the app store for smartphones. Thus, it is possible that
individuals who have chosen to experience and use it are already interested in improving their diet and are
comfortable with their body weight. This study was conducted according to data already available on the
app, therefore whether survey participants were conducting a nutritional follow up with a health professional was not investigated, as well as the reason for weight gain. However, we understand that this tool is a
complement to the actions of food and nutritional education. Although the analyzed data are self-reported,
which limits the interpretation of this study, this app is for personal use and its members have an interest
in providing reliable data to get better results. Another important aspect to be considered for the analysis of
data is the collection interval between D1 and D2: the differences in application usage at the start date (D1)
and exposure intervals until the last date (D2) may limit the interpretations of the effect of using the app.
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Conclusion
The app uses an easy-to-understand interface, provides access to information on diet and health and encourages consumers to eat more consciously, therefore it can be an additional tool for nutritional education
actions. In order to reach a greater number of users, the app has been available for the Android operational
system since June 2012, expanding and facilitating access to this technology. This study showed a significant improvement in dietary pattern and weight loss in most of the app’s users. However, evidences for a
consistent benefit of a shift to a better long term diet and to prevent excessive body weight gain remains
inconclusive. A randomized controlled trial testing the app is justified as a resource to improve food choices
and use of biomarkers to provide a more accurate measurement of its effect on dietary intake.
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