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Abstract: Energy Balance (EB) is an important topic to understand how an imbalance in its 

main determinants (energy intake and consumption) may lead to inappropriate weight gain, 

considered to be “dynamic” and not “static”. There are no studies to evaluate EB in Spain, 

and new technologies reveal themselves as key tools to solve common problems to precisely 

quantify energy consumption and expenditure at population level. The overall purpose of the 

ANIBES (“Anthropometry, Intake and Energy Balance”) Study was to carry out an accurate 
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updating of food and beverage intake, dietary habits/behaviour and anthropometric data of 

the Spanish population (9–75 years, n = 2009), as well as the energy expenditure and physical 

activity patterns. Anthropometry measurements (weight, height, body mass index, waist 

circumference, % body fat, % body water) were obtained; diet was evaluated throughout a 

three-day dietary record (tablet device) accompanied by a 24 h-dietary recall; physical 

activity was quantified by questionnaire and accelerometers were also employed. Finally, 

information about perception and understanding of several issues related to EB was also 

obtained. The ANIBES study will contribute to provide valuable useful data to inform food 

policy planning, food based dietary guidelines development and other health oriented actions 

in Spain. 

Keywords: energy balance; dietary intake; physical activity quantification; new technologies; 

Spanish food and dietary patterns; nutrition surveys 

 

1. Introduction 

At the present time, six out of the seven main risk factors for premature death in Europe (high blood 

pressure, inadequate blood cholesterol concentrations, increased Body Mass Index (BMI), insufficient 

intake of fruits and vegetables, physical inactivity, and alcohol abuse) are related to lifestyle, and more 

specifically, to poor dietary habits, and physical inactivity [1,2]. 

From a public health perspective, the increase in overweight and obesity is of particular concern in 

Europe [3] and more specifically in Spain [4]. Both, the World Health Organization (WHO) and the 

European Commission advocate for an integral approach. A good example of this is the recent Vienna 

Declaration on Nutrition and Non Transmittable Diseases (2013), in the setting of the “Health 2020” 

Program [5]. 

The rapid social and lifestyle changes that have occurred in the last decades have led to a  

progressive abandoning of the traditional profile characteristic of the ‘Mediterranean lifestyle’ in  

Spain [6–13]. Technological advances and improvement of the socioeconomic conditions are closely 

linked to this transformation, namely better acclimatization conditions in the houses and workplaces, the 

mechanization of labor tasks, the improvement in public transportation, a great increase in the use of 

private motorized transportation, etc. Important changes in leisure time activities have notably contributed 

to increased sedentary time and reduction in the amount of physical activity [4]. Energy consumed during 

physical activity is the component that varies the most in the total energy expenditure, which is divided 

into exercise (planned activity), and non-exercise thermogenesis (NEAT; this would include daily living 

activity) [14,15]. 

The availability of detailed and high quality food consumption and physical activity data is essential 

to carry out public health nutrition initiatives in Europe [16–20]. Methodologies and procedures used in 

dietary surveys have mainly been developed with the aim of evaluating the nutritional status of a 

population, i.e., the intake of energy, macronutrients and/or micronutrients. However, the problem of 

underreporting is consistent in different surveys and therefore the use of new methodologies to avoid 

usual bias is challenging [21–27]. The possibility for “real-time” recording at eating events is not based on 
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manual selection from pre-defined food items, but rather on digital photography or voice recording [28–32]. 

Moreover, there is a consensus that diet and food composition and consumption still is a large unknown in 

many of its aspects, and even more as it has currently become more complex [16,17,33]. 

Energy Balance (EB) is defined as the state achieved when energy intake equals energy expenditure 

and is considered to be “dynamic” and not “static” [34]. Although an imbalance in energy consumption 

and expenditure is required to promote inappropriate weight gain, the relative contributions of each to 

obesity remains under debate [35]. Integral studies of all the elements comprised in the EB equation 

should be made given their interrelationship [36]. 

It seems essential to improve the tools for studying the energy intakes and losses of “free living” 

independent subjects. In this regard, tools such as databases of the composition of quality foods, 

especially regarding energy and serving sizes, should be improved, as clearly stated at the recent (2013) 

Consensus Document and Conclusions on “Obesity and Sedentarism in the 21st Century: What can be 

done and what must be done?” [4]. 

Different valuable dietary surveys have been conducted in Spain, although to the best of our knowledge, 

no one has attempted to specifically approach EB. Briefly, the first Food Consumption Survey was 

performed in 1956 under the National Health Survey. Further, several Spanish Food Consumption and 

Nutrition Surveys have been carried out (ENNAs; 1964–1965, 1980–1981 y 1990–1991) mainly in 

collaboration with the National Statistics Office (INE, Spain) [37–40]. From 1987 onwards, the current 

Ministry of Agriculture, Food and Environment (MAGRAMA) in Spain launched the National Food 

Consumption Survey (Panel), for which the Spanish Nutrition Foundation (FEN) is responsible for 

analyzing the dietary patterns and energy/nutrient intake of the Spanish population from the year 2000 

onwards [6,41,42]. AECOSAN (Spanish Agency for Consumer Affairs, Food Safety and Nutrition) 

recently carried out the ENIDE Survey (Encuesta Nacional de Ingesta Dietética) (AECOSAN, 2012) [43]. 

At present, the so-called ENALIA (Encuesta Nacional de Alimentación en la población Infantil  

y Adolescente) Survey in children and adolescents from Spain is being carried out also under the 

auspices of AECOSAN. The latter updates the reference survey in Spain in children and young people 

(2–24 years old) called EnKid [44], and the AVENA study, a multicenter nutrition survey in Spanish 

adolescents [45]. At the regional level, other valuable and representative surveys have been conducted: 

The Region of Madrid [46] which has been recently updated by FEN [47], Catalonia [48], the Region of 

Valencia [49], Galicia [50], and Basque Country [51], among others. However, when approaching the other 

main EB determinant (“energy expenditure”) studies are much less frequent. The National Health Survey in 

Spain (2013) [52] revealed that 41.3% of the adult Spanish population is considered as sedentary, higher for 

women (46.6%) than for men (35.9%). Considering both their main and their leisure time activity, 40.9% of 

the adults (49.4% males, 32.4% females, aged 15–69 years) perform strenuous to moderate weekly physical 

activity. There is consensus at present that not only physical activity level but also inactivity and/or sedentary 

behavior should be taken into account and quantified [15,53,54]. 

The present ANIBES (“Anthropometry, Intake, and Energy Balance in Spain”) study, for which the 

design, protocol, and methodology are fully described in the present article, aims at adding new 

scientific-based evidence to describe the interplay among energy intake, energy expenditure, and body 

energy stores and how an understanding of EB must be considered as a useful tool either at the individual 

or population level. 
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1.1. Goals 

The main goal of the ANIBES Study was to evaluate energy intake and energy expenditure in a 

national representative sample of the Spanish population by using innovative methodological tools in 

order to approach the EB concept. In addition, body composition and different dietary patterns and 

dietary quality indexes were also evaluated. 

1.2. Specific Goals 

 To determine total energy intake in the Spanish population aged 9–75 years, and its distribution 

by age group and sex. 

 To determine total energy expenditure in the Spanish population aged 9–75 years, stratified by 

age group and sex. 

 To analyze the main food groups and subgroups contributing to energy intake and differences by 

age group and sex. 

 To evaluate different anthropometric measurements of special interest for the energy  

balance hypothesis. 

 To describe the perception and understanding of different items in relation to EB for the  

Spanish population. 

2. Experimental Section 

2.1. Pilot Studies 

The final fieldwork was carried out from mid-September to November (three months) 2013, but two 

pilot studies were previously carried out, as follows: 

Once the methodology was developed, a first pilot study was carried out in June 2013. For this 

purpose, 2060 individuals were contacted: 162 (7.8%) agreed to have the first visit/interview,  

142 participated at the second visit/interview, but only 97 were able to make the three-day dietary  

record by using the tablet. Finally, only 57 participants were considered as fully eligible. Therefore, a 

high rate of non-responders was observed mainly in the older age groups and parents of children and 

adolescents. The first pilot study allowed reviewing several issues, both software and questionnaires. 

Once the results from the pilot study were completed, several working/discussion groups were created 

in order to improve the study design, protocols, software and manuals. Therefore, four groups (one of 

interviewers; two mixed groups of young adult people from 25–35 years old; one group of parents with 

children aged 9–17 years) worked in order to improve the deficiencies observed during the fieldwork. 

A second pilot study was carried out in order to evaluate the improvements after the first pilot study 

and comments and recommendations from the working groups. A total of 60 subjects (52 used tablet 

device; 5 photo camera; 3 by phone interview) participated. The second pilot study demonstrated the 

efficacy of the amendments made and validated the tools and questionnaires to be used later during the 

main fieldwork of the ANIBES Study. 
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2.2. Study Design and Sampling Procedure 

The final protocol was approved by the Ethical Committee for Clinical Research of the Region of 

Madrid (Spain). The study was coded as “FEN 2013”, and approved on 31 May 2013. 

The ANIBES Study aimed a sample size which should be representative of all individuals living in 

Spain (excluding the autonomous cities of Melilla and Ceuta) aged 9–75 years, living in municipalities 

>2000 inhabitants. 

The sample for the ANIBES Study was designed based on 2012 census data published by the INE 

(Instituto Nacional de Estadística/Spanish Bureau of Statistics) for Gender, Age, Habitat Size and Region. 

Individual quotas were defined for each of these variables, which allow the identification of the total 

numbers of interviews required to properly represent the socio-demographic distribution under study. In 

addition, interlocking quotas were established for Age within Region and Habitat size within Region to 

ensure that the diversity of the population within each region was properly represented. The combination 

of individual and interlocking quotas provided the number of interviews to be achieved on each quota 

cell. The sample design and the high number of sampling points determined the number of required 

interviewers and their interviewing area. Each interviewer was given an exact number of interviews by 

age and gender within his or her sampling area to ensure the representation of the different demographics 

within the area. The sample selection procedure based on random routes eliminated any potential bias 

originated by proximity or familiarity of respondents. Table 1 shows the expected number of interviews 

based on the 2012 Census, as well as the final number of interviews achieved in ANIBES. The total 

sample size was calculated based on a 0.05 probability of Type I error (rejecting a null hypothesis when 

it is true) and 0.1 probability of Type II error (accepting a null hypothesis when it is wrong) in the main 

outcome of the study (energy intake). 

The initial potential sample was 2634 individuals, and the final sample was 2009 individuals (2.23% 

error and 95.5% confidence interval). In addition, for the youngest groups (9–12, 13–17 and 18–24 years 

old), a boost was considered in order to have at least a n = 200 per age group and increase the statistical 

power of the study (error +/−6.9%). The booster interviews are only analysed in the context of the 

analysis of these specific subgroups and not in the context of the analysis of the main random sample. 

Therefore, the final random sample plus booster was 2285 participants. 

The ANIBES sample was comprised of 50.4% of males and 49.6% females. The sample reflected the 

distribution in the population living in Spain. A more detailed description of the sample for the ANIBES 

study is shown in Table 1. 

Table 1. Distribution of the sample for the ANIBES study. 

 Base 

Sample (n) 

Initial targeted Sample Final Sample Final + Boost 

2634 2009 2285 

sex 
Men 1309 1013 1160 

Women 1325 996 1125 

age 

(years) 

Infants 9–12 240 100 213 

Adolescents 13–17 246 124 211 

Adults 18–64 1911 1588 1655 

Elderly 65–75 237 197 206 
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The sample quotas according to the following variables were: 

- Age groups (in years): 9–12, 13–17, 18–64 and 65–75. 

- Gender: men and women. 

- Region: seven Nielsen areas (Northeast, Levant, South, West, North Central, Barcelona, Madrid) 

and Canary Islands. 

- Habitat size: 2000 to 30,000 inhabitants (rural population); from 30,000 to 200,000 inhabitants 

(semi-urban population) and over 200,000 inhabitants (city/town population). 

- Other factors that were considered: rate of unemployment; % of foreigners (immigrant population), 

level of physical activity, and education/economical level. 

The study was conducted through a stratified multistage sampling and for more coverage and 

representativeness, 128 sampling points were used, with 90 interviewers allocated in 11 areas and  

12 coordinators, all previously trained by the Spanish Nutrition Foundation (FEN) (Figure 1).  

No previous pre-recruitment was considered, which minimized the risk of bias in responses [55]. 

 

Figure 1. Geographical distribution of the sampling points for the ANIBES study. 

2.3. Final Fieldwork 

According to the number of interviews to be potentially targeted at the sampling point, one or more 

random initial routes for the sampling process were considered. The later criteria were not used for 

municipalities over 100,000 inhabitants where a postcode proportional criterion was considered. In the 

initial route, the apartment building or family housing was randomly selected, as well as the first 
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household to be approached. Non-eligible addresses include vacant or derelict properties and institutions. 

If the uptake was positive, limits to be considered for a potential participant were: 

Apartment building: 

 1–10 units, only one potential participant. 

 11–20 units, two potential participants as maximum. 

 21–50 units, three potential participants maximum. 

 >50 units, four participants. 

For family housing, one possible participant per 10 units was the rule used. 

The survey was designed in order that no more than one adult and one child were selected from a 

household. This meant that adults living in households with one or more adults, and children in 

households with one or more children were less likely to be selected than were adults or children in 

single adult/child households. 

Since one of the main drawbacks from the pilot studies was the initial rejection for “door-to-door” 

uptake, special efforts were made for better results at the main fieldwork: different informative posters 

about ANIBES goals were posted in the área/neighborhood, followed by letters that were sent to all the 

neighbors. In addition, during the first visit by the interviewer, an informative letter from the PI plus a 

leaflet and a set of infographics explaining the whole process were offered. Finally, the potential participant 

was informed about a small incentive (30 euros) for participation and a detailed final report including 

anthropometric data, physical activity level, and dietary/nutritional status, with an estimated value of 

40–50 euros. 

All interviewers, call center agents, and dieticians-nutritionists working on the ANIBES study were 

briefed and trained before undertaking an assignment and were monitored during their assignment. All 

interviewers attended a two-day training course designed by the FEN where they were fully briefed on 

the protocols and administration of the survey. Fieldworkers were also issued with comprehensive 

written instructions covering survey procedures and measurement protocols. The briefing sessions covered 

background and content, doorstep approach, questionnaire administration (including practice sessions), 

placement and collection of self-completions and ActiGraphs and the placement, checking and collection 

of the three-day food tablet diaries and 24 h-dietary recall and training in anthropometric data collection. 

2.4. Stages 

In order to cover a broad range of dates and to optimize the devices to be used during the study, 

several stages were designed, and comprised of: 

2.4.1. Stage 1: The Interviewer Visits 

A letter and leaflet describing the purpose of the survey were previously posted in a potential targeted 

apartment building/family housing at the sampling points. A few days later, interviewers visited the 

addresses to determine whether the address was private, residential and occupied. They then carried out 

the selection process as previously explained. 
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The different days of the week would (as far as possible) be equally represented as each cycle always 

included two working days (Monday and Tuesday or Thursday and Friday), and one weekend day 

(Saturday for Thursday and Friday cycle or Sunday for Monday and Tuesday cycle). 

Interviewers carried out two main visits to households who agreed to participate (Figure 2): 

 

Figure 2. Scheme of main fieldwork of the ANIBES Study in Spain. 

The first visit (“face-to-face”) with an approximate duration of 60 min comprised the  

following items: 

(a). Identification of the trained interviewer, as a collaborator of the FEN. The interviewer 

explained the main goals of the study, the design and stages, the novelty of the tools to be used 

for collecting food intake and recording physical activity, as well as offered to have a feedback 

report at the end of the study that included main results, dietary and physical activity advice, 

etc. The potential participant also received a letter from the principal investigator of the 

ANIBES Study, and was informed about the stipend for participation in the study. At this point, 

the potential participant was asked to sign the letter of consent for participation in the study. 

(b). Inclusion/exclusion questionnaire: the interviewer verified through a filter questionnaire that 

the participant was eligible for the ANIBES Study. Several exclusion criteria were applied: 

 Those individuals living in an institution (e.g., colleges; nursing homes, hospitals, etc.)  

 Individuals following a therapeutic diet due to a recent surgery or any medical prescription. 

 If they were suffering a transitory pathology (i.e., flu, gastroenteritis, chicken pox, etc.) at the 

time of the fieldwork. 

 Individuals employed in areas related to consumer science, marketing or the media. 
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However, individuals under the following conditions were considered eligible to be included: 

 Those following dietary advice such as for prevention of hypertension, diabetes, 

hypercholesterolemia or hyperuricemia. 

 Pregnant and lactating women. 

 With diagnosed allergy and/or food intolerance. 

 Suffering a metabolic disease such as hyperthyroidism or hypothyroidism. 

(c). Anthropometric measurements: the trained interviewer collected the different measures 

following the procedures tested before at the two pilot studies: 

 Height: by triplicate using a Stadiometer model Seca 206 (Seca, Hamburg, Germany). 

 Weight: one determination in a weighing scale model Seca 804 (Seca, Hamburg, Germany). 

This scale provide information about body mass index (BMI), percentage of body fat and 

percentage of body water. 

 Waist circumference: by triplicate using a tape measure model Seca 201 (Seca, Hamburg, 

Germany). The volunteer was asked to stand and placed the tape measure around his/her 

middle, just above the hipbones. Measure was taken just after breathing out. 

(d). 24-h Dietary Recall: no prior notification was given to the subjects about whether or when they 

would be interviewed about their food intake. An ad hoc questionnaire was designed and 

previously checked and modified at the already explained pilot studies. The participant recalled 

the food intake for the past 24 h. Food quantities were assessed by using of household measures, 

food models, pictures, or the brands. The 24-h dietary recall was designed for further 

verification of the information collected at the Tablet, but also to make the participant more 

familiar with the type of information to be recorded during the three-day period. 

(e). Tablet device for collection of dietary data: the three-day food diary: All the participants were 

provided with a tablet device (Samsung Galaxy Tab27.0.) and instructed on how to record by 

taking pictures of all foods and beverages consumed, both at home and outside. Pictures had to 

be taken before and after finishing the meals. Additionally, a brief description of the meals, 

recipes, brands, etc. had to be also recorded with the device. The tablet was designed only to 

be used to collect information related to the ANIBES Study and no other uses were allowed. 

A toll-free telephone number attended by call center-trained operators, was available for the participants 

in order to answer any questions about the software, use of the device, food and beverage record, etc. A 

manual of procedures to facilitate food collection was also given to the participants. Participants were 

also informed that insurance would cover any accident or incidence with the devices, although they were 

asked for correct and watchful use and maintenance. 

(f). If the participant declared or demonstrated that he/she was unable to use the tablet device, other 

possibilities were offered: photo camera plus paper or telephone interview. 

(g). At the end of the first visit, the date for the second interviewer visit was agreed, as well as the 

telephone calls to be made for check up at the end of the collection of the data. 

(h). Accelerometer device to quantify physical activity level: The physical activity measurements 

was obtained with an accelerometer ActiGraph (model GT3x y GT3x+; ActiGraph, Pensacola, 
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FL, USA). This provided a measure of the frequency, intensity, and duration of physical activity 

and allowed classification of activity levels as sedentary, light, moderate and vigorous. 

Individuals were asked to wear the ActiGraph on a belt above the right hip, during three 

consecutive full days including its cycle of the three days food and beverages diary record by 

the tablet. 

Objective measurements of physical activity were taken using the ActiGraph, which recorded vertical 

movement, where the number of movement (“counts”) increased with the intensity of activity. For any 

individual, the accelerometer recorded different periods during the day spent at different levels of 

activity, i.e., differing levels of “counts per minute” (cpm), while they were being sedentary or engaging 

in light, moderate, or vigorous activity. This provided a measure of the frequency, intensity, and duration 

of physical activity and allowed classification of activity levels as sedentary, light, moderate and 

vigorous. Individuals were asked to wear the accelerometer on a belt above the right hip, during waking 

hours for three consecutive full days in parallel with the three days of food and beverages diary record 

by the tablet. For the present study, the minimum wear time criterion for inclusion in analysis was set at 

three days. The average daily cpm for each participant was calculated as a weighted average based on 

the probability of wear/non-wear (for a minimum wearing time of at least eight hours per day). The 

participants were also provided with a sheet to be filled in with the periods (hours/minutes) of non-wear 

(shower, swimming, etc.). 

For those participants that agreed to wear the accelerometer (n = 206) to quantify the physical activity, 

the device was activated coincident with the Tablet-based three-day food diary. The subsample was 

selected following the same criteria for representativeness as for the total sample included in the study. 

After collecting the accelerometer devices at the second interviewer visit, they were sent to IPSOS in 

order to download the recorded information from the participant (physical activity, but also additional 

data such as sex, date of birth, height, and weight) and to recharge the battery for the next participant. 

The recorded information by the accelerometer in the subsample (167 adults and 39 children) was further 

used to validate the physical activity questionnaire administered to the whole sample, and to build a 

mathematical model to quantify energy expenditure in combination with different standard formulas.  

The second visit (“face-to-face”) with also an approximate duration of 60 min comprised the following 

items: detailed interview about physical activity (International Physical Activity Questionnaire  

(IPAQ) for children and adolescents modified according to the HELENA study for children and  

adolescents [56]), and for adults [57]; detailed interview by using validated questionnaires previously 

tested at the pilot studies, designed to gain insights from the participants on important, nutrition and 

health-related topics mainly associated with EB, was also scheduled. Finally, the tablet device and the 

accelerometer were collected. 

In this sense, energy expenditure (EE) in the ANIBES Study was collected using complementary 

measures by means of an objective (accelerometer) and a self-report (IPAQ) method. In the 

accelerometer subsample, EE was calculated as the sum of resting metabolic rate, RMR (Harris and 

Benedict formula) [58] and physical activity (Freedson formula for children [59], and for adults [60]). 

For estimating EE in the whole sample, accelerometer data, IPAQ, body composition and other related 

variables have been used to build up a statistical model with a set of significant and explanatory variables. 

By means of a STEPWISE process, those variables were chosen which best adjust to the dependent 
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variable avoiding multicollinearity (strong dependencies between them). A statistical model was built in 

which the dependent variable is the real energy expenditure (provided by the accelerometer device), and 

the independent variables are other information coming from the physical activity questionnaire and 

anthropometric data. Model equation shows a good level of adjustment (R2 = 0.71) for the accelerometer 

subsample. Once this model has been built and validated at the accelerometer subsample, it extrapolated 

the energy to the rest of the whole sample based on the model equation as all the independent variables 

were available. 

3. Results 

A summary of the ANIBES fieldwork was as follows: 

 Fieldwork dates: 19 September through 16 November 2013, structured in 15 different cycles/stages. 

 90 interviewers and 12 coordinators. 

 Equipment: 

o 426 Tablet devices 

o 90 devices for anthropometric measurements (weighing scales, stadiometers, tape measures). 

o 87 accelerometers. 

 Percentages of users for the different devices to collect food and beverages information was: 

o 79% of the sample used a Tablet 

o 12% used photo camera 

o 9% used telephone interview 

A more detailed distribution of the devices used by sex and age group is shown in Table 2. 

3.1. Data Processing 

A detailed description of the whole process is shown in Figure 3. 

The innovative technology used in this study allowed that the collected information could be verified 

and codified in nearly real time. 

Participants also recorded for each eating occasion: where they were, who they were eating with and 

what they were doing at the time of eating/drinking. They also recorded if their intake was typical for 

that day (and if not, the reason why) and details of any dietary supplements taken. The software also 

contained a series of questions about usual eating habits (for example, type of milk or fat spread usually 

consumed) to facilitate coding. 
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Table 2. Devices used according to sex and age groups for the ANIBES study. 

  

SAMPLE 

Initial Targeted Sample Final Sample Final Sample + Boost 

Device Device Device 

Base Tablet Photo Camera Telephone Base Tablet Camera Telephone Base Tablet Camera Telephone 

Sex 

Base 
2634 2077 320 237 2009 1568 253 188 2285 1804 279 202 

100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Men 
1309 1038 156 115 1013 800 124 89 1160 922 143 95 

50% 50% 49% 49% 50% 51% 49% 47% 51% 51% 51% 47% 

Women 
1325 1039 164 122 996 768 129 99 1125 882 136 107 

50% 50% 51% 51% 50% 49% 51% 53% 49% 49% 49% 53% 

Age 

(years) 

Base 
2634 2077 320 237 2009 1568 253 188 2285 1804 279 202 

100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Children 9–12 
240 201 29 10 100 82 15 3 213 178 27 8 

9% 10% 9% 4% 5% 5% 6% 2% 9% 10% 10% 4% 

Adolescents 13–17 
246 221 21 4 124 113 8 3 211 190 18 3 

9% 11% 7% 2% 6% 7% 3% 2% 9% 11% 6% 1% 

Adults 18–64 
1911 1571 207 133 1588 1300 176 112 1655 1361 180 114 

73% 76% 65% 56% 79% 83% 70% 60% 72% 75% 65% 56% 

Elderly 65–75 
237 84 63 90 197 73 54 70 206 75 54 77 

9% 4% 20% 38% 10% 5% 21% 37% 9% 4% 19% 38% 
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Figure 3. Main steps for codification and cleaning of data in the ANIBES Study. FEN= 

Spanish Nutrition Foundation 

Food and beverage records were returned from the field in real time to be coded by trained coders 

and editors. For this purpose, an ad hoc Central Server software/database was developed by IPSOS 

(Java/IE10 compatible) in order to be able to work in parallel with the verification process followed by 

the codification. The ANIBES software received the information from the field tablets every two seconds, 

and updated it every 30 min. The Central Server contained different modules to verify the information 

at the individual level but also according to the specific cycle; food weight and intakes; food codification 

and the assigning weight in grams. If for any reason, the terminal was unable to be connected to the 

network, the recorded information by the participant was saved, and resubmitted once the problem was 

solved. Finally, 189,600 inputs (ingredients) were managed from the 2009 participants, about 73 items 

per participant, and 24.3 food/beverages items per person/day as mean. 

Coders attempted to match each food or drink item recorded in the tablet device with a food/portion 

code. For composite items which could be split into their component parts, each individual component 

was assigned. If an item had been recorded and there was no suitable code or there was insufficient detail 

to code the food, the entry was flagged as a query. Each food code is linked to appropriate portion size 

descriptors, such as a tablespoon for rice or pasta, which are then linked to the correct weight for that 

descriptor. So if a participant recorded/described their food using household measures, coders under 

dieticians-nutritionists checking would be able to select the appropriate portion size. If the portion size 

was described as a weight, the weight was entered directly into the system. Where the coder could not 

resolve the food or portion consumed, the entry was flagged as a query for action by a researcher who 
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had greater nutrition knowledge and experience. The dieticians-nutritionists assigned appropriate codes 

for all flagged food and portion codes and checked any other queries raised by the coders. In general, 

where details for the coding of foods were missing, formally agreed default codes were used. Where 

portion sizes were missing, an estimate was made using the same weight if the food was consumed on 

another dietary day, or a portion size consistent with the participant’s usual consumption (e.g., small, 

medium or large), or an age-appropriate average portion. 

For new products not included in the software, supermarkets or retail markets were visited or the 

manufacturer contacted to obtain information on nutrient content in order to decide whether a new food 

code was needed. This decision was based on nutritional composition compared to that of existing codes, 

as well as the frequency of consumption. If a new food code was required, the nutrient content was 

entered into the database. In the case of school meals, school caterers information about the nutrient 

content and portion size of dishes was considered. 

3.2. Quality Control 

The quality control of the collected information was supervised by trained dieticians-nutritionists, 

according to the following protocol: 

(a). The same dietician-nutritionist was responsible for checking the food records included by the 

participant during the three-day dietary food record study. 

(b). The initial quality control was based on the photographs and descriptions sent by the 

participants, but also the brief description that was asked before/after each meal and/or intake. 

Special care was given to validate some variables such as ingredients, brands of the processed 

and ready-to-eat foods, portion size or culinary technique in order to obtain accurate 

information for further codification. 

(c). The final approval of the received information was given by a dietician-nutritionist  

and supervisor. 

It is also of importance that the software used had an alarm-system when no records from the different 

three main meals were available. 

At the start of the coding process, dieticians-nutritionists worked together with the coders checking 

the information and giving them individual feedback on their work (food and portion code entries). 

Portion code errors (selecting the wrong portion size descriptor or entering an incorrect weight) were 

more common than selecting the wrong food code. Where errors were found they were corrected. All of 

the entries flagged as a query by the coders were categorized into different query types, such as food 

code or portion code not available in the used software, recipes, missing or insufficient detail to code 

food or portion. Final quality checking was performed using each participant’s mean energy and nutrient 

intake (all reported nutrients) over the food and beverages diary record period (three days). Extreme 

intakes were considered from the mean and all entries in this region were checked against  

the diary. 

Intakes of nutrients were calculated from the food consumption records using a special adapted  

VD-FEN 2.1(Dietary Evaluation Program from the Spanish Nutrition Foundation) software for the 
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ANIBES Study. All data were carefully evaluated before being incorporated into the VD-FEN ANIBES 

Database, and briefly stratified as: 

o Level 1–16 food and beverage groups; 

o Level 2–29 food and beverage subgroups; 

o Level 3–761 food and beverages entries; 

o Company and brand; 

o Culinary treatment; 

o Household measure (tablespoons, glasses, cups, plates); typical/most used portion sizes and 

recipes from Spain; or conventional units/measures (e.g., 1 yogurt, 1 apple piece, half tomato,  

1 slice of bread, 1 soda can, 1 biscuit, butter portion, etc.). 

3.3. Data Cleaning 

Once the data from the Tablet devices were coded and transferred into the ANIBES Database, a data 

cleaning process was performed: 

First data cleaning stage: Participants were considered as fully eligible if after a cautious review of 

the information, it was verified that the three days were recorded using the tablet. Where registers were 

above or below the three-day established period, the following criteria was adopted: 

- If a participant only had records from two or less days, he/she was considered as not valid and 

eliminated from the final sample. 

- If a participant was registered four or more days, valid data were for those three collected days 

corresponding to the specific cycle of the participant, but always under the same scheme:  

2 working days + 1 weekend day. 

Second data cleaning stage: Participants were removed from the final sample if: 

 Unexplained behavior in energy intake and large intra-individual variations between days were 

observed. When the known meal pattern of the participant was 3–5 intakes per day, but missing 

data was clearly observed in the register (i.e., only breakfast and/or one meal per day), he/she 

was removed from the final sample. 

 When extremely low energy intakes were recorded: 

o Less than 500 kcal/day in two or three days of the period. 

o Less than 500 kcal/day in one day, and <800 kcal/day in the remaining days. 

Third data cleaning stage: Participants were considered valid if they fulfilled the following criteria: 

 Having fulfilled previous data cleaning stages. 

 Having completed successfully both visits during the fieldwork. 

 If the participants had valid data on: weight, height, waist circumference. 

Once all data had been verified, cleaned up, and approved, the ANIBES Database was developed. 

Calculation of energy and nutrient intakes was performed by the VD-FEN 2.1 Dietary Evaluation 

Programme from the Spanish Nutrition Foundation, mainly based on the Food Composition Tables 

(Moreiras et al., 15th ed., 2011) [61], with several expansions and updates. 
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4. Discussion 

The ANIBES Study (Antropometría, Ingesta, y Balance Energético en España; Anthropometry, 

Dietary Intake and Energy Balance in Spain) was designed to obtain accurate and updated information 

on the main determinants of the Energy Balance concept in Spain. For that purpose a country 

representative survey has been approached, and new technologies for dietary food record and physical 

activity level have been introduced for the first time in Spain. Anthropometry and information on  

dietary patterns and behavior as well as insights from the Spanish population on important, nutrition and 

health-related topics associated with EB were also obtained. Hereafter the design, protocol and 

methodology are discussed. 

The sample size of a dietary survey per country is generally considered dependent on the variability 

of dietary consumption within each country. Information on this variability at a national/regional level 

is therefore needed in order to determine the number of subjects to include in a survey. We were able to 

collaborate with a renowned specialist such as IPSOS Spain for sample calculation, which guaranteed 

the procedure followed during the ANIBES Study. In addition, the accuracy of estimation of high 

consumption levels (percentiles 95th, 97.5th and beyond), which are key elements in dietary assessment, 

was also a priority in our survey. Percentiles calculated on a limited number of subjects bear large 

uncertainty, and are likely to provide biased estimations. According to Kroes et al. [62], high percentiles 

(p) can be assessed with sufficient accuracy if the sample size n satisfies the rule n (1 − p) ≥ 8, as 

scheduled during the ANIBES sampling design. In light of these considerations, the “Expert Group on 

Food Consumption Data” (EGFCD) in its recent document “General principles for the collection of national 

food consumption data in the view of a pan-European dietary survey” from EFSA [16], recommends for 

each country in Europe the inclusion of at least 260 subjects, 130 males and 130 females, in each of the 

six age classes identified (Infants, Toddlers, Other children, Adolescents, Adults and Elderly), which 

would lead to a minimum of 1690 participants per country according to the EGFCD. Since large 

countries are likely to show a variety of consumption patterns in the different geographical areas, they 

require the inclusion of additional subjects. The inclusion of further information on study participants 

(such as residence in regions, residence in urban or rural areas, residence in seaside or countryside, the 

type of habitat or the number of individuals belonging to the household) must also be considered during 

the sampling phase as already explained in the ANIBES design. However, a lower number of subjects 

could be acceptable for the infant group since their variability in consumption is potentially lower than 

for other population groups. Based on the above calculations and in line with estimates in the European 

Food Consumption Survey Method (EFCOSUM) project [63], the EGFCD [16] suggests that a minimum 

of 2000 subjects are sampled from each country to represent the total population at the national level. 

As for the ANIBES Study, the initial number of recruited participants (those who accepted to participate 

in the project, were administered the first visit interview and anthropometric measurements and were 

given the tablet to record intakes) was 2914. Out of these, 2634 (90.3%) recorded at least three days of 

intakes and responded to the second visit interview. Once all supervision and cleaning procedures were 

applied, the number of valid participants was 2285 (78.4% of the initial sample). The response rate in 

the national dietary surveys is generally low, ranging between 33% in Italy [64] and 70% in The 

Netherlands [65], which partly reflects a general trend towards lower response rates over time. In 

addition to choosing data collection methods with a lower burden for the respondents (the Tablet device 
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was potentially considered to be attractive), also other kind of measures to keep the participation rate as 

high as possible are needed and are used in many countries, e.g., flexibility in recruiting (times available 

for the interview, second call, if a no show, etc.) and awareness of the study by letters, postings, 

interviews or news at the sampling points. We approached not only these actions to favor participation, 

but also the opportunity to have an individual feedback by a report at the end of the study which includes 

diet assessment, physical activity level, anthropometry, and general advice on how to get an adequate 

EB and modulate its main determinants. In any case, it is deemed important also to collect information 

on non-respondents in order to eventually correct for differences in response, as the ANIBES Study 

already has done. 

4.1. Dietary Assessment Methodologies 

Several dietary assessment tools at the individual level are available [3,16,17,23,33,56,66–69].  

In general, these methods can be divided into two basic categories: those that record data at the time of 

eating (prospective methods, i.e., so-called weighed and estimated records methods including those 

using new technologies) and those that collect data about the diet eaten in the recent past or over a longer 

period of time (retrospective methods, interview methods). Interview methods may refer to current diet 

(24-h food recalls) or habitual diet (dietary history and food frequency method) [70]. 

4.2. 24-h Dietary Recall 

During the interview an individual recalls actual food intake for the immediate past 24 or 48 h or for 

the preceding days. The 24-h dietary recall is the most common recall method used [3,16,66,71,72].  

The role of interviewers is crucial in administering 24-h recall interviews because this information is 

obtained by asking probing questions. Therefore, the previous training is critical for better results and a 

two full day course was completed by ANIBES interviewers before pilot studies and main fieldwork. 

Standard procedures advise that no prior notification should be given to the subjects about whether or 

when they will be interviewed about their food intake. For ANIBES, 24-h dietary recall was carried out 

during the first visit (face-to-face) by the interviewer without previous knowledge. The repetition, per 

each subject, of a 24-h recall on non-consecutive days provides consumption data on independent days 

and, consequently, the estimation of the within-person variability of intake. However, the latter may be 

skipped if dietary record using new technologies is considered the key tool to collect diet information, 

but in combination with one 24-h dietary recall, as it was decided in the present study protocol [28,73]. 

4.3. Dietary Record 

The dietary record seems to provide a higher level of detail, but this is not always given by the 

participants unless new easier and more feasible technologies are included to collect the required 

information. Sometimes, the “field worker” can complete missing details during completeness check [55]. 

The description of the consumed foods and beverages can be highly detailed and preferably accompanied 

by photographs of all the items eaten and drunk in and outside home, arriving at the level of the brand 

name or further, if required. Specific information on food packaging materials can also be obtained, 

especially if respondents are asked to keep the packaging materials or take photographs [74–76]. In contrast, 
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for the recall method the level of details of food description can be limited by the memory of the 

respondents. Concerning the response burden, it is considered high for the dietary record, as recording 

must be done at time of consumption. This requirement may lead to non-response bias as a result of 

overrepresentation of more highly educated individuals who are interested in diet and health. A low 

response rate might be a particular problem in some population subgroups. In the present study no 

significant differences were observed when education and economic level factors were included for 

response vs. non-response analysis. 

With regard to the applicability of the methods for the different population groups, the tablets devices 

were easily accepted by the young age groups (>9 years old) and some concerns were expressed by 

parents for free internet access. However, tablet use was only strictly permitted for ANIBES software 

with no free access. Some difficulties may exist concerning the reliability of records on out-of-home 

consumption. In our study, tablet devices were referred by a minor number of participants as too heavy 

to take it out of home in every eating occasion, and some of the participants also reported self-confidence 

and lack of privacy issues. With respect to elderly people, the dietary record method is suitable but needs 

adaptations similar to those needed for children, whereas the recall is considered inappropriate because 

of the cognitive decline often experienced by a high percentage of this age group [68]. In addition, some 

help may be needed from family and/or caregivers. As explained in the protocol, we attempted people 

from all age groups (9–75 years) but only living in households. People living in institutions were 

excluded. This means that elderly people included in the ANIBES study were able to complete the 

dietary record either with the tablet (few) or by telephone interview. 

It is important to remark that previously this kind of methodology has not been used to enable highly 

standard dietary records across EU countries, as we have attempted at national level throughout ANIBES. 

However, software has been available to enable highly standardized 24-h recalls (e.g., the dietary software 

developed by the European Prospective Investigation into Cancer and Nutrition, EPIC-SOFT) [71]. 

As for the validity of the methods, the usual eating pattern may be influenced or changed by the 

recording process and participants might forget to photograph or record some foods and drinks. In order 

to allow the calculation of the intra-individual variability, it is usually considered that subjects must 

record consumption for at least three days, such as has been done in the ANIBES Study. The validity of 

the 24-h recall method mainly depends on the respondents short-term memory. When the recall is 

announced, subjects can reduce their consumption and produce a bias. The method is also quite highly 

vulnerable due to variability between interviewers. The accuracy in the quantification of the consumed 

portion sizes is higher for the dietary record over the 24-h recall but only if these are measured or 

weighed or by taking photographs. Moderate underreporting may occur for both methods, particularly 

in some subgroups (e.g., obese persons) [77]. Fortunately, we were able to check the validity of both 

methods in the present study, for the different age groups (9–12; 13–17; 18–64; 65–75 years), sex, 

geographical area, habitat size, BMI and other variables. Results may be considered highly satisfactory 

when both methods are combined. 

From a statistical point of view it is more efficient to extend the number of participants rather than 

the number of days [16,73]. On the other hand, it can be more efficient to include more recording or 

recall days per person in order to estimate habitual exposure to compounds present in less frequently 

consumed foods where this was not the main goal of ANIBES Study. Moreover, when using the dietary 

records technique, accuracy of records may decrease as the number of days increase [55]. In practice, no 
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more than three or four consecutive days should be included because of respondent fatigue [78]. From 

our study, we may also conclude that fatigue may be a variable to be considered although dietary records 

with a higher number of days (4 or 5) than initially scheduled (3) have been also reported and specifically 

treated during the three data cleaning stages, as explained. The missing of potential food/drinks records 

within a day was more common as a general conclusion from the ANIBES Study. 

4.4. Interview Options 

The main advantages of the face-to-face interview are that it allows for better rapport; the more 

personal relationship may increase response rate due to personal contact with the interviewer and there 

is a potential for more detailed probing of participant responses, but it is time-consuming and expensive; 

the body size of the interviewer and of the subject may be an issue and affect the responses of the 

participant [79]. In person, the subject may be more vulnerable to exaggerate consumption of foods they 

perceive to be good and underreport foods perceived to be unhealthy. Therefore, the importance of well-

trained interviewers for fieldwork unrelated to the nutrition and dietetics and/or consumer science adds 

more potential reliability for collection of the data [80]. On the other hand, that strategy must be 

combined with a second-level careful dietician-nutritionist review and validation of the information 

recorded as has been done in ANIBES. 

The increasing use of the telephone interview as a research method may be a reflection of broader social 

change and technological advances, with increased use and acceptability of telecommunications [80–83]. 

The main advantage of a telephone-administered interview is saving time and therefore saving budget 

in large surveys. It allows for centralized training and supervision of interviewers and for increased speed 

of data gathering and processing. Sampling is not geographically restricted so this method is particularly 

useful where geographical location could be a barrier to face-to-face interviews. At this point it is 

remarkable that ANIBES was carried out by using 128 local sampling points of the inland of Spain plus 

Canary and Balearic Islands. In our knowledge, no previous national dietary/physical activity survey 

was able to attempt the combination of such representative levels, the use of new technologies (tablet 

devices and related software), and face-to-face visits for anthropometric measurements, physical activity 

and general questionnaires and 24-h dietary recall. In addition, for those individuals not able to use the 

tablet device, alternatives were offered: photo camera and paper or telephone interview. In consequence, 

a broad spectrum of valid instruments and tools were employed in the ANIBES Study. The main 

drawback of the telephone-administered interview is that the personal touch is lost, but the use of probing 

techniques by the skilled interviewer can considerably reduce the amount of under-reporting. For best 

results, a picture booklet may be designed and provided to all participants prior to the telephone  

call [74,76,83]. 

New computer-based technologies (i.e., special devices such as tablets, mobile phones or web computer 

assisted internet) and combinations of qualitative and quantitative methods are now highly recommended 

for dietary assessments [16,28,74]. Clearly, technology is changing how dietary assessment methods are 

being delivered. Although web-based assessments are more accessible and enable larger nutritional 

epidemiological studies to be conducted, validation and calibration methods are needed to fully utilize 

this new frontier in dietary assessment methodology. Moreover, it is still expected that those new 
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technology-based dietary surveys could be considered as top priority either at country or European level 

(e.g., EFSA) [16]. 

The interviews can be administered either by a trained interviewer or by a dietician-nutritionist. 

However, if trained interviewers are used, then perhaps monitoring and routine checking of their dietary 

interviews by a registered dietician-nutritionist during the survey period would be important as ANIBES 

is able to show; on the other hand, computerized dietary assessment is an area of growing interest and 

several studies [73,84–86] have examined the use of computer software to assist in the dietary interview. 

One of the main errors that occur while measuring food consumption in dietary epidemiological surveys 

is the assessment of portion size, both in terms of definition and in accuracy of  

quantification [87]; hence, measurement tools have to be selected carefully. The methods used to 

quantify portion size can be divided into two broad categories: those where foods and leftovers are 

weighed and/or photographed respectively before and immediately after consumption and those where 

food portions are estimated. Weighing or taking photographs before and after eating is considered to be 

the most accurate method for measuring food intake. The disadvantages of this method, called “the 

weighed method”, are that it is time consuming (taking photographs seem to be more feasible), costly 

and disruptive [88] and there are many circumstances in which scales may not be available. Weighing 

each food item can also introduce changes in eating habits and similar concern may occur when tablet 

and/or mobile phone are used for dietary record; in addition, there are circumstances where weighing is 

not suitable, for example in large epidemiologic studies [32] and new technology as used in our study 

seems to be best alternative option; moreover, if the out-of-home record wants to be also precisely 

recorded. In the ANIBES study, we found a very low response during the first pilot study mainly due to 

the innovative system for collecting the data, some drawbacks with the tested software or the  

time-consuming concern. However, the decision to create different working discussion (interviewers; 

potential participants; parents; researchers) after the first pilot study helped to fix problems reported by 

the responders and non-responders, but also to improve tablet and software use, and in general all the 

skills to be employed. Those improvements were tested during the second pilot study and afterwards at 

the main fieldwork where high response was obtained. 

There are a number of measurement aids that can be used while estimating food intake which  

help to avoid common errors in assessment of portion sizes [89]. Such aids, frequently referred to as  

portion-size measurement aids (PSMAs) including photographs, food models, household measures, etc., 

have been used separately or in combination in dietary data collection [66,71,90]. In the ANIBES study 

we were able to use these aids. However, there is also general agreement that no “gold standard’ as such 

exists for estimation of portion size [91,92], and all established approaches show advantages and 

disadvantages that have been summarized by Wrieden [92]. Systematic bias and large random error may 

occur while quantifying foods; therefore, as it is accepted that there is no perfect way of measuring 

habitual intake, the method selected for each study will depend on several factors, which include 

convenience for the subject, degree of accuracy required, expense and targeted population [93]. All these 

variables were taken into account and carefully revised both at the study design period, applied during 

the two pilot studies and also at the checkup post data collection, as it is highly recommended that a post 

hoc analysis of the observed food consumption data be performed in order to assess uncertainty related 

to potential under-reporting. 
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4.5. Physical Activity 

Techniques for measuring physical activity level (PAL) usually include Heart Rate Monitoring 

(HRM), motion sensors (accelerometers), as well as self-reporting instruments, such as activity diaries 

and questionnaires [94–96]. It is well recognized that each of these assessment methods has its own 

associated advantages and limitations [97]. Questionnaires have been often considered the only feasible 

method for assessing habitual physical activity in large populations, because they are easy to administer, 

relatively inexpensive, and non-invasive. The other three methods are much more complicated in terms 

of logistical and financial resources to be included in a large/representative dietary survey. In the present 

ANIBES Study a combination of an international validated questionnaire (IPAQ) and the use of 

accelerometers in a subsample (10%) targeted with equal criteria as for the whole sample was approached. 

However, it must be considered that accurate and reliable assessment of habitual physical activity is 

particularly challenging if these are of low intensity, not done routinely, etc. [98]. Most of the 

questionnaires available in the literature focus on recreational rather than total activity, probably because 

it is easier to recall repeated discrete activities that are undertaken for a limited period of time and for 

which a conscious choice is made prior to engagement, and few questionnaires have been designed or 

lack use to assess overall physical activity at work, recreation and domestic life [99]. It is acknowledged 

that the administration of physical activity questionnaires validated in the specific context and/or 

population is particularly recommended, due to the high degree of specificity of physical activity. Ideally 

physical activity questionnaires should be validated by comparison with an objective method, such as 

an accelerometer [97,99]. In the ANIBES study, we were able to cover that priority goal. 

4.6. Anthropometry 

It is well agreed that at least body weight should be recorded as part of a dietary survey [100]. Two 

methods are generally used to record body weight and height in the context of a food dietary survey, 

namely “self-reporting by subjects” or “measured by the interviewer”. Unfortunately, the costs of actual 

measurements are often high, and often also require special training of interviewers for accurate 

assessment. We attempted to use validated instruments (stadiometers, scales, and measuring tape) to 

obtain accurate information on height, weight, waist circumference) and further calculations (e.g., BMI 

or % total body fat). 

5. Conclusions 

The innovative strengths of the design, protocol and methodology used in the ANIBES Study are: 

- The first dietary survey in Spain that looked specifically on the “energy balance” paradigm at the 

population level. 

- Included a representative age sample (9–75 years old) of the Spanish population. 

- The first study carried out in the same individuals which allow information collection on diet, 

physical activity, anthropometry and body composition. 

- Employed for the first time in Spain new technology to collect information on intake and physical 

activity (using tablet devices in nearly real time) to avoid the well known and common problems 

of under/over reporting. 
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- The new ANIBES software (food and beverage database) allowed the most detailed information 

(not only by the usual food groups included in food composition tables) to be obtained, also for 

subgroups which are much more accurate and adjusted to the current “real” food market. 

- A precise quantification of physical activity was achievable nationwide (combined use of self-

validated questionnaires plus objective accelerometers), to avoid the key problem of underreporting 

and to evaluate factors such as type, duration, amount, and intensity, which are rarely reported in 

population nutrition surveys. 

The main drawbacks were the difficulties for some participants to use the new technologies, or the 

lack of seasonality for food collection or measuring physical activity level. 

In summary, considering the carefully designed protocol based on best evidence available and 

previous experience, the ANIBES study may contribute to provide useful data to inform food policy 

planning, food-based dietary guidelines development and other health-oriented actions. 

Acknowledgments 

The authors would like to thank Coca-Cola Iberia for its support and technical advice, especially to 

Rafael Urrialde, Isabel de Julián, and Estrella López Brea. The authors are also very grateful to IPSOS 

Spain, particularly to Jesus Caldeiro and José Antonio Gutierrez, for continuous support in the sampling 

procedure, fieldwork development, and statistical analysis. 

Author Contributions 

 Emma Ruiz-Moreno (E.R.M.) conceived the protocol, methodology to be employed, and designed 

the training procedures for interviewers and dieticians-nutritionists. ERM analyzed the data 

(collection, quality control), and also contributed to the general discussion. 

 José Manuel Ávila (J.M.A.) conceived the overall design, protocol, and methodology. J.M.A. 

contributed to the interpretation and discussion of the results. 

 Marcela González-Gross (M.G.G.) contributed to the design, protocol and methodology of the 

physical activity part. M.G.G. and Adrián Castillo (A.C.) were responsible of analysis of physical 

activity procedures, derived data and interpretation. 

 Teresa Valero, Susana del Pozo, and Paula Rodriguez, were responsible for instruments to be 

used, training, and cleaning of the data. 

 Javier Aranceta (J.A.), Ángel Gil (A.G.), Marcela González-Gross (M.G.G.), Rosa M. Ortega 

(R.M.O.), and Lluis Serra-Majem (L.S.M.), are members of the Scientific Advisory Board of the 

ANIBES Study. They were responsible for careful review of the protocol, design and 

methodology; J.A., A.G., M.G.G., R.M.O., and L.S.M. gave continuous scientific advice to the 

study, and for the interpretation of the results. They critically reviewed the manuscript. 

 Gregorio Varela-Moreiras (G.V.M.), Principal Investigator, was responsible for design, protocol, 

methodology, and follow/check-up of the study. G.V.M. wrote the paper. 

 All authors approved the final version of the manuscript. 

  



Nutrients 2015, 7 992 

 

 

Conflicts of Interest 

The study was financially supported by Coca Cola Iberia. The funding sponsors had no role in the 

design of the study, in the collection, analyses, or interpretation of the data; in the writing of the 

manuscript, and in the decision to publish the results. The authors declare no conflict of interest. 

References 

1. World Health Organization. The European Health Report 2009. Health and Health Systems; World 

Health Organization: Copenhagen, Denmark, 2009. 

2. World Health Organization (WHO) Regional Office for Europe. Action Plan for Implementation 

of the European Strategy for the Prevention and Control of Non-Communicable Diseases 2012–2016; 

World Health Organization: Copenhagen, Denmark, 2012. 

3. Elmadfa, I. European Nutrition and Health Report. Forum of Nutrition; Elmadfa, I., Ed.; Karger: 

Vienna, Austria, 2009; Volume 62. 

4. Varela-Moreiras, G.; Alguacil Merino, L.F.; Alonso Aperte, E.; Aranceta Bartrina, J.;  

Avila Torres, J.M.; Aznar Laín, S.; Belmonte Cortés, S.; Cabrerizo García, L.; dal Re Saavedra, M.Á.; 

Delgado Rubio, A.; et al. Obesity and sedentarism in the 21st century: What can be done and what 

must be done? Nutr. Hosp. 2013, 28, 1–12, doi:10.3305/nh.2013.28.sup5.6913. 

5. World Health Organization. Vienna Declaration on Nutrition and Noncommunicable Diseases in 

the Context of Health 2020. In WHO Ministerial Conference on Nutrition and Noncommunicable 

Diseases in the Context of Health 2020; World Health Organization: Vienna, Austria, 2013. 

6. Varela-Moreiras, G.; Ávila, J.M.; Cuadrado, C.; del Pozo, S.; Ruiz, E.; Moreiras, O. Evaluation of food 

consumption and dietary patterns in Spain by the Food Consumption Survey. Eur. J. Clin. Nutr. 

2010, 64, S37–S43. 

7. Varela-Moreiras, G. (Coordinator). Libro Blanco de la Nutrición en España (White Book on 

Nutrition in Spain); Spanish Foundation on Nutrition/Spanish Agency on Food Safety and 

Nutrition (AESAN, MSSSI): Madrid, Spain, 2013. 

8. Bach-Faig, A.; Serra-Majem, L.; Carrasco, J.L.; Roman, B.; Ngo, J.; Bertomeu, I. The use of 

indexes evaluating the adherence to the Mediterranean diet in epidemiological studies: A review. 

Public. Health Nutr. 2006, 9, 132–146. 

9. FAO. FAOSTAT-PC, Food Balance Sheets 1997; FAO: Rome, Italy, 1998. 

10. Moreno, L.A.; Sarria, A.; Popkin, B.M. The nutrition transition in Spain: A European 

Mediterranean country. Eur. J. Clin. Nutr. 2002, 56, 992–1003. 

11. Naska, A.; Fouskakis, D.; Oikonomou, E.; Almeida, M.D.V.; Berg, M.A.; Gedrich, K.; Moreiras, 

O.; Nelson, M.; Trygg, K.; Turrini, A.; et al. Dietary patterns and their socio-demographic 

determinants in 10 European countries: Data from the DAFNE databank. Eur. J. Clin. Nutr. 2006, 

60, 181–190. 

12. World Health Organization (WHO). Global Recommendations on Physical Activity for Health; 

WHO Press: Geneva, Switzerland, 2010. 

13. Sofi, F.; Cesari, F.; Abbate, R.; Gensini, G.F.; Casini, A. Adherence to Mediterranean diet and 

health status: Meta-Analysis. BMJ 2008, 28, 337–344. 



Nutrients 2015, 7 993 

 

 

14. Montoye, H.J.; Taylor, H.L. Measurement of physical activity in population studies: A review. 

Hum. Biol. 1984, 56, 195–216. 

15. Blair, S.N. Physical inactivity: The biggest public health problem of the 21st century. Br. J.  

Sports Med. 2009, 43, 1–2. 

16. European Food Safety Authority (EFSA). General principles for the collection of national food 

consumption data in the view of a pan-European dietary survey. EFSA J. 2009, 7, 1435. 

17. Acheson, K.J.; Campbell, I.T.; Edholm, O.G.; Miller, D.S.; Stock, M.J. The measurement of  

food and energy intake in man-an evaluation of some techniques. Am. J. Clin. Nutr. 1980, 33, 

1147–1154. 

18. Biró, G.; Hulshof, K.F.; Ovesen, L.; Amorim Cruz, J.A. Selection of methodology to assess food 

intake. Eur. J. Clin. Nutr. 2008, 56, 25–32. 

19. Livingstone, M.B.; Black, A.E. Markers of the validity of reported energy intake. J. Nutr. 2003, 

133, 895S–920S. 

20. Laporte, R.E.; Montoye, H.J.; Caspersen, C.J. Assessment of physical activity in epidemiologic 

research: Problems and prospects. Public Health Rep. 1985, 100, 131. 

21. Martin-Moreno, J.; Gorgojo, L. Valoración de la ingesta dietética a nivel poblacional. Mediante 

cuestionarios individuales: Sombras y luces metodológicas. Rev. Esp. Salud Pública 2007, 81,  

507–518. 

22. Elmadfa, I.; Meyer, A.; Nowak, V.; Hasenegger, V.; Putz, P.; Verstraeten, R.; Remaut-DeWinter, 

A.M.; Kolsteren, P.; Dostálová, J.; Dlouhý, P.; et al. European Nutrition and Health Report 2009. 

Ann. Nutr. Metab. 2009, 55, 1–40. 

23. Bingham, S.A. The dietary assessment of individuals: Methods, accuracy, new techniques and 

recommendations. Nutr. Abstr. Rev. 1987, 57, 705–742. 

24. Becker, W.; Foley, S.; Shelley, E.; Gibney, M. Energy under-reporting in Swedish and Irish dietary 

surveys: Implications for food-based dietary guidelines. Br. J. Nutr. 1999, 81, S127–S131. 

25. Black, A.E.; Cole, T.J. Biased over- or under-reporting is characteristic of individuals whether over 

time or by different assessment methods. J. Am. Diet. Assoc. 2001, 101, 70–80. 

26. Ferrari, P.; Slimani, N.; Ciampi, A.; Trichopoulou, A.; Naska, A.; Lauria, C.; Veglia, F.; Riboli, E. 

Evaluation of under- and overreporting of energy intake in the 24-h diet recalls in the European 

Prospective Investigation into Cancer and Nutrition (EPIC). Public Health Nutr. 2002, 5, 1329–

1345. 

27. Johansson, L.; Solvoll, K.; Bjørneboe, G.E.A.; Drevon, C.A. Under- and overreporting of energy 

intake related to weight status and lifestyle in a nationwide sample. Am. J. Clin. Nutr. 1998, 68, 

266–274. 

28. Stumbo, P.J. New technology in dietary assessment: A review of digital methods in improving 

food record accuracy. Proc. Nutr. Soc. 2013, 72, 70–76. 

29. Zhu, F.; Bosch, M.; Woo, I.; Kim, S.; Boushey, C.J.; Ebert, D.S.; Delp, E.J. The use of mobile 

devices in aiding dietary assessment and evaluation. IEEE J. Sel. Top. Signal Process. 2010, 4, 

756–766. 

30. Zhu, F.; Bosch, M.; Boushey, C.J.; Delp, E.J. An image analysis system for dietary assessment and 

evaluation. In Proceedings of the Image Processing (ICIP), 2010 17th IEEE International 

Conference, Hong Kong, China, 26–29 September 2010; pp. 1853–1856. 



Nutrients 2015, 7 994 

 

 

31. Puri, M.; Zhu, Z.; Yu, Q.; Divakaran, A.; Sawhney, H. Recognition and Volume Estimation of 

Food Intake Using a Mobile Device. Presented at the Applications of Computer Vision (WACV), 

2009 Workshop, Utah, UT, USA, 7–8 December 2009. 

32. Nelson, M.; Atkinson, M.; Darbyshire, S. Food photography II: Use of food photographs for 

estimating portion size and the nutrient content of meals. Br. J. Nutr. 1966, 76, 31–49. 

33. De Henauw, S.; Brants, H.A.; Becker, W. Operationalization of food consumption surveys in 

Europe: Recommendations from the European Food Consumption Survey Methods (EFCOSUM) 

Project. Eur. J. Clin. Nutr. 2002, 56, 75–88. 

34. Hill, J.O.; Wyatt, H.R.; Peters, J.C. Energy balance and obesity. Circulation 2012, 126, 126–132. 

35. Hill, J.O.; Wyatt, H.R.; Peters, J.C. Using the energy gap to address obesity: A commentary.  

J. Am. Diet. Assoc. 2009, 109, 1848–1854. 

36. Hill, J.O.; Wyatt, H.R. Role of physical activity in preventing and treating obesity. J. Appl. Phyisol. 

2005, 99, 765–770. 

37. Varela, G.; García, D.; Moreiras-Varela, O. La Nutrición de los Españoles. Diagnóstico y 

Recomendaciones; Escuela Nacional de Administración Pública: Madrid, Spain, 1971. 

38. Varela, G.; Moreiras, O.; Carbajal, A.; Campo, M. Encuesta de Presupuestos Familiares 1990–

1991; Spanish National Statistical Institute: Madrid, Spain, 1991; Volume I. 

39. Varela-Moreiras, G. La Dieta Mediterránea en la España actual. Nutr Hosp. 2014, 30 (Suppl. 2), 

21–28. 

40. Varela, G.; Moreiras, O.; Carbajal, A.; Campo, M. Encuesta de Presupuestos Familiares 1990–

91; Estudio Nacional de Nutrición y Alimentación 1991; INE: Madrid, Spain, 1995; Volume I. 

41. Varela-Moreiras, G.; Ávila, J.M.; Cuadrado, C.; del Pozo, S.; Ruiz, E.; Moreiras, O. Valoración 

de la Dieta Española de Acuerdo al Panel de Consumo Alimentario; Ministerio de Medio 

Ambiente y Medio Rural y Marino/Fundación Española de la Nutrición: Madrid, Spain, 2008. 

42. Del Pozo, S.; García, V.; Cuadrado, C.; Ruiz, E.; Valero, T.; Ávila, J.M.; Varela-Moreiras, G. 

Valoración Nutricional de la Dieta Española de acuerdo al Panel de Consumo Alimentario; 

Fundación Española de la Nutrición (FEN): Madrid, Spain, 2012. 

43. Agencia Española de Seguridad Alimentaria y Nutrición (AESAN). Encuesta Nacional de Ingesta 

Dietética Española 2011. Available online: http://www.aesan.msc.es/AESAN/docs/docs/ 

notas_prensa/Presentacion_ENIDE.pdf (accessed on 2 October 2014). 

44. Serra-Majem, L.; Ribas Barba, L.; Aranceta-Bartrina, J.; Pérez-Rodrigo, C.; Saavedra Santana, P.; 

Peña- Quintana, L. Obesidad en la infancia y adolescencia en España. Resultados del estudio enKid 

(1998–2000). Med. Clin. 2003, 121, 725–732. 

45. González-Gross, M.; Castillo, M.J.; Moreno, L.; Nova, E.; Gonzalez-Lamuño, D.; Perez-Llamas, F.; 

Gutiérrez, A.; Garaulet, M.; Joyanes, M.; Leyva, A.; et al. Alimentación y Valoración del Estado 

Nutricional de los Adolescentes Españoles (Proyecto AVENA). Evaluación de riesgos y propuesta 

de intervención. I. Descripción metodológica del estudio. Nutr. Hosp. 2003, 18, 15–27. 

46. Aranceta, J.; Pérez, C.; Amela, C.; García, R. Encuesta de Nutrición de la Comunidad de Madrid. 

Documentos Técnicos de Salud Pública No. 18; Dirección General de Prevención y Promoción de 

la Salud; Comunidad de Madrid: Madrid, Spain, 1994. 



Nutrients 2015, 7 995 

 

 

47. Ruiz, E.; del Pozo, S.; Cuadrado, C.; Valero, T.; Ávila, J.M.; Varela-Moreiras, G. Encuesta de 

Nutrición de la Comunidad de Madrid (ENUCAM). Documentos Técnicos de Salud Pública; 

Consejería de Sanidad de la Comunidad de Madrid: Madrid, Spain, 2014. 

48. Serra Majem, L.; Ribas Barba, L.; Salvador Castell, G.; Román Viñas, B.; Castell Abat, C.;  

Cabezas Peña, C.; Pastor Ferrer, M.C.; Raidó, B.; Ngo de la Cruz, N.; García Álvarez, A.; et al. 

Tendencias del estado nutricional de la población española: Resultados del sistema de 

monitorización nutricional de Cataluña (1992–2003). Rev. Esp. Salud Pública 2007, 81, 559–570. 

49. Vioque, J.; Quiles, J. Encuesta de Nutrición y Salud de la Comunidad Valenciana, 1994; 

Departamento de Salud Pública-Universidad Miguel Hernández: España, Alicante, 2003. 

50. Muñiz, J.; Pérez, T.; del Pozo, S.; Cuadrado, C.; Moreiras, O. Encuesta Sobre los Hábitos 

Alimentarios de la Población Adulta Gallega, 2007; Dirección Xeneral de Saúde Pública: Santiago 

de Compostela, Spain, 2008. 

51. Aranceta, J.; Pérez, C.; Marzana, I.; Eguileor, I.; González de Galdeano, L.; Saenz de Buruaga, J. 

Food consumption patterns in the Basque Country: The EINUT-I study. Public Health Nutr. 1998, 

1, 185–192. 

52. Ministerio de Sanidad, Consumo, Igualdad y Servicios Sociales. Encuesta Nacional de Salud 

2011–2012; Ministerio de Sanidad, Consumo, Igualdad y Servicios Sociales: Madrid, Spain, 2013. 

53. Livingstone, M.B.E.; Robson, P.J.; Wallace, J.M. Issues in dietary intake assessment of children 

and adolescents. Br. J. Nutr. 2004, 92, 213–222. 

54. Cuenca-García, M.; Ortega, F.B.; Ruiz, J.R.; González-Gross, M.; Labayen, I.; Jago, R.;  

Martínez-Gómez, D.; Dallongeville, J.; Bel-Serrat, S.; Marcos, A.; et al. HELENA study group. 

Combined influence of healthy diet and active lifestyle on cardiovascular disease risk factors in 

adolescents. Scand. J. Med. Sci. Sports 2012, 12, doi:10.1111/sms.12022. 

55. Biro, G.; Hulshof, K.F.; Ovesen, L.; Amorim, C.J. Selection of methodology to assess food intake. 

Eur. J. Clin. Nutr. 2002, 56, S25–S32. 

56. Hagstromer, M.; Bergman, P.; de Bourdeaudhuij, I.; Ortega, F.B.; Ruiz, J.R.; Manios, Y.; Rey-

López, J.P.; Phillipp, K.; von Berlepsch, J.; Sjöstrom, M.; et al. Concurrent validity of a modified 

version of the International Physical Activity Questionnaire (IPAQ-A) in European adolescents: 

The HELENA Study. Int. J. Obes. 2008, 32, S42–S48. 

57. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, 

M.; Ekelund, U.; Yngve, A.; Sallis, J.F.; et al. International physical activity questionnaire: 12-

Country reliability and validity. Med. Sci. Sports Exerc. 2003, 35, 1381–1395. 

58. Harris, J.A.; Benedict, F.G. A Biometric Study of Basal Metabolism in Man; Publication No. 279; 

Carnegie Institute of Washington: Washington, DC, USA, 1919. 

59. Freedson, P.; Pober, D.; Janz, K.F. Calibration of accelerometer output for children. Med. Sci. 

Sports Exerc. 2005, 37 (Suppl. 11), S523–S530. 

60. Freedson, P.; Melanson, E.; Sirard, J. Calibration of the Computer Science and Application, Inc. 

accelerometer. Med. Sci. Sports Exerc. 1998, 30, 777–781. 

61. Moreiras, O.; Carbajal, A.; Cabrera, L.; Cuadrado, C. Tablas de Composición de Alimentos,  

15ª ed.; Pirámide: Madrid, Spain, 2011. 



Nutrients 2015, 7 996 

 

 

62. Kroes, R.; Muller, D.; Lambe, J.; Lowik, M.R.; van Klaveren, J.; Kleiner, J.; Massey, R.;  

Mayer, S.; Urieta, I.; Verger, P.; et al. Assessment of intake from the diet. Food Chem. Toxicol. 

2002, 40, 327–385. 

63. Hoffmann, K.; Boeing, H.; Dufour, A.; Volatier, J.L.; Telman, J.; Virtanen, M.; Becker, W.;  

de Henauw, S.; EFCOSUM Group. Estimating the distribution of usual dietary intake by  

short-term measurements. Eur. J. Clin. Nutr. 2002, 56, S53–S62. 

64. Leclercq, C.; Arcella, D.; Piccinelli, R.; Sette, S.; le Donne, C.; Turrini, A. On behalf of the INRAN 

SCAI 2005–06 study group. The Italian National Food Consumption Survey INRAN-SCAI 2005–

06. Main results in terms of food consumption. Public Health Nutr. 2009, 12, 2504–2532. 

65. Voedingscentrum. Zoe et Nederland, Resultaten van de Voedselconsumptiepeiling 1997–1998; 

Voedingscentrum: Den Haag, The Netherlands, 1998. 

66. Pekkarinen, M. Methodology in the collection of food consumption data. World Rev. Nutr. Diet. 

1970, 12, 145–171. 

67. Riboli, E.; Kaaks, R. The EPIC Project: Rationale and study design. European Prospective 

Investigation into Cancer and Nutrition. Int. J. Epidemiol. 1997, 26, S6–S14. 

68. Van Staveren, W.A.; de Groot, L.C.; Blauw, Y.H.; van der Wielen, R.P. Assessing diets of elderly 

people: Problems and approaches. Am. J. Clin. Nutr. 1994, 59, 221–223. 

69. Thompson, F.E.; Subar, A.F. Dietary assessment methodology. In Nutrition in the Prevention and 

Treatment of Disease, 2nd ed.; Coulson, A., Boushey, C., Eds.; Elsevier: Amsterdam,  

The Netherlands, 2008. 

70. Van Staveren, W.A.; Ocke, M.C. Dietary assessment. In ILSI, Present Knowledge in Nutrition,  

9th ed.; Bowman, B.A., Russell, R.M.; Eds.; ILSI: Washington, DC, USA, 2006. 

71. Slimani, N.; Deharveng, G.; Charrondiere, R.U.; van Kappel, A.L.; Ocke, M.C.; Welch, A.; 

Lagiou, A.; van Liere, M.; Agudo, A.; Pala, V.; et al. Structure of the standardized computerized 

24-h diet recall interview used as reference method in the 22 centres participating in the EPIC 

project. Comput. Methods Progr. Biomed. 1999, 8, 251–256. 

72. Todd, K.S.; Hudes, M.; Calloway, D.H. Food intake measurement: Problems and approaches.  

Am. J. Clin. Nutr. 1983, 37, 139–146. 

73. Kohlmeier, L.; Mendez, M.; McDuffie, J.; Miller, M. Computer-assisted self-interviewing:  

A multimedia approach to dietary assessment. Am. J. Clin. Nutr. 1997, 65, 1275–1281. 

74. Beasley, J.M.; Davis, A.; Riley, W.T. Evaluation of a web-based, pictorial diet history 

questionnaire. Public Health Nutr. 2008, 12, 1–9. 

75. Foster, E.; Matthews, J.N.; Nelson, M.; Harris, J.M.; Mathers, J.C.; Adamson, A.J. Accuracy of 

estimates of food portion size using food photographs—The importance of using age-appropriate 

tools. Public Health Nutr. 2006, 9, 509–514. 

76. Nelson, M.; Haraldsdottir, J. Food photographs: Practical guidelines I. Design and analysis of 

studies to validate portion size estimates. Public Health Nutr. 1998, 1, 219–230. 

77. Livingstone, M.B.E.; Robson, P.J.; Black, A.E.; Coward, W.A.; Wallace, J.M.W.; McKinley, M.C.; 

Strain, J.J.; McKenna, P.G. An evaluation of the sensitivity and specificity of energy expenditure 

measured by heart rate and the Goldberg cut-off for energy intake: Basal metabolic rate for 

identifying mis-reporting of energy intake by adults and children: A retrospective analysis.  

Eur. J. Clin. Nutr. 2003, 57, 455–463. 



Nutrients 2015, 7 997 

 

 

78. Gersovitz, M.; Madden, J.P.; Smiciklas-Wright, H. Validity of the 24-h. dietary recall and  

seven-day record for group comparisons. J. Am. Diet. Assoc. 1978, 73, 48–55. 

79. Bingham, S.A.; Gill, C.; Welch, A.; Day, K.; Cassidy, A.; Khaw, K.T.; Sneyd, M.J.; Key, T.J.A.; 

Roe, L.; Day, N.E. et al. Comparison of dietary assessment methods in nutritional epidemiology: 

Weighed records v. 24 h recalls, food-frequency questionnaires and estimated-diet records. Br. J. 

Nutr. 1994, 72, 619–643. 

80. Beaton, G.H., Burema, J.; Ritenbaugh, C. Errors in the interpretation of dietary assessments.  

Am. J. Clin. Nutr. 1997, 65, 1100–1107. 

81. Casey, P.H.; Goolsby, S.L.; Lensing, S.Y.; Perloff, B.P.; Bogle, M.L. The use of telephone 

interview methodology to obtain 24-h dietary recalls. J. Am. Diet. Assoc. 1999, 99, 1406–1411. 

82. Brustad, M.; Skeie, G.; Braaten, T.; Slimani, N.; Lund, E. Comparison of telephone vs. face-to-

face interviews in the assessment of dietary intake by the 24 h recall EPIC SOFT program-the 

Norwegian calibration study. Eur. J. Clin. Nutr. 2003, 57, 107–113. 

83. Bogle, M.; Stuff, J.; Davis, L.; Forrester, I.; Strickland, E.; Casey, P.H.; Ryan, D.; Champagne, C.; 

McGee, B.; Mellad, K.; et al. Validity of a telephone-administered 24-h dietary recall in telephone 

and non-telephone households in the rural Lower Mississippi Delta region. J. Am. Diet. Assoc. 

2001, 101, 216–222. 

84. Bakker, I.; Twisk, J.W.; van Mechelen, W.; Mensink, G.B.; Kemper, H.C. Computerization of a 

dietary history interview in a running cohort; evaluation within the Amsterdam Growth and Health 

Longitudinal Study. Eur. J. Clin. Nutr. 2003, 57, 394–404. 

85. Slattery, M.L.; Murtaugh, M.A.; Schumacher, M.C.; Johnson, J.; Edwards, S.; Edwards, R.; 

Benson, J.; Tom-Orme, L.; Lanier, A.P. Development, implementation, and evaluation of a 

computerized self-administered diet history questionnaire for use in studies of American Indian and 

Alaskan native people. J. Am. Diet. Assoc. 2008, 108, 101–109. 

86. Probst, Y.C.; Faraji, S.; Batterham, M.; Steel, D.G.; Tapsell, L.C. Computerized dietary assessments 

compare well with interviewer administered diet histories for patients with type 2 diabetes mellitus 

in the primary healthcare setting. Patient Educ. Couns. 2008, 72, 49–55. 

87. Turconi, G.; Guarcello, M.; Berzolari, F.G.; Carolei, A.; Bazzano, R.; Roggi, C. An evaluation of 

a colour food photography atlas as a tool for quantifying food portion size in epidemiological 

dietary surveys. Eur. J. Clin. Nutr. 2005, 59, 923–931. 

88. Wolper, C.; Heshka, S.; Heymsfield, S.B. Measuring Food Intake: An Overview; Sage Publishing: 

Thousand Oaks, CA, USA, 1995. 

89. Guthrie, H.A. Selection and quantification of typical food portions by young adults. J. Am. Diet. 

Assoc. 1984, 84, 1440–1444. 

90. Chambers, I.V.E.; McGuire, B.; Godwin, S.L.; McDowell, M.; Vecchio, F.A. Quantifying portion 

sizes for selected snack foods and beverages in 24-h dietary recalls. Nutr. Res. 2000, 20, 315–326. 

91. Frobisher, C.; Maxwell, S.M. The estimation of food portion sizes: A comparison between using 

descriptions of portion sizes and a photographic food atlas by children and adults. J. Hum. Nutr. Diet. 

2003, 16, 181–188. 

92. Wrieden, W.L.; Momen, N.C. Workshop 3: Novel approaches for estimating portion sizes.  

Eur. J. Clin. Nutr. 2009, 63, 80–81. 



Nutrients 2015, 7 998 

 

 

93. Foster, E.; Adamson, A.J.; Anderson, A.S.; Barton, K.L.; Wrieden, W.L. Estimation of portion 

size in children’s dietary assessment: Lessons learnt. Eur. J. Clin. Nutr. 2009, 63, 45–49. 

94. Moran, M.; Cauwenberg, J.V.; Hercky-Linnewiel, R.; Cerin, E.; Deforche, B.; Plaut, P. Understanding 

the relationships between the physical environment and physical activity in older adults: A 

systematic review of qualitative studies. Int. J. Behav. Nutr. Phys. Act. 2014, 11, 79. 

95. Thomas, J.R. Research Methods in Physical Activity; Human Kinetics: Leeds, UK, 2005. 

96. World Health Organization. Physical Status: The Use and Interpretation of Anthropometry; WHO 

Technical Report Series 854; WHO: Geneva, Switzerland, 1995. 

97. Ferrari, P.; Friedenreich, C.; Matthews, C.E. The role of measurement error in estimating levels of 

physical activity. Am. J. Epidemiol. 2007, 166, 832–840. 

98. Friedenreich, C.M.; Couneya, K.S.; Neilson, H.K.; Matthews, C.E.; Willis, G.; Irwin, M.; Troiano, R.; 

Ballard-Barbash, R. Reliability and validity of the past year total physical activity questionnaire. 

Am. J. Epidemiol. 2006, 163, 959–970. 

99. Wareham, N.J.; Jakes, R.W.; Rennie, K.L.; Mitchell, J.; Hennings, S.; Day, N.E. Validity and 

repeatability of the EPIC-Norfolk physical activity questionnaire. Int. J. Epidemiol. 2002, 31,  

168–174. 

100. Conner Gorber, S.; Tremblay, M.; Moher, D.; Gorber, B. A comparison of direct measures for 

assessing height, weight and body mass index: A systematic review. The international association 

for the study of obesity. Obes. Rev. 2007, 8, 307–326. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


