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Background: Food portion size estimation is an important source of error in obtaining dietary data. While food 

portion photos are known to aid the food portion estimation, the validation of photos are required. 

Objective: This study aimed at evaluating the bias and associated factors in quantifying the size of food portions 

eaten during lunch, and estimated by a 24-Hour Recall (24HR) interview, with and without the use of photos. 

Design and Participants: A validation study was carried out with 140 adults in the Brazilian cities of Curitiba and 

Aracaju. Data collection began in the first semester of 2017, lasting approximately one year. On the first day, 

participants consumed foods during a lunch with 10 possible items; each weighed after selection. The following 

day, a 24HR interview was applied. Participants were randomly allocated into two groups, according to the use 

of food portion photos during the interview. 

Main outcome measures: Means of the consumed and reported food amounts, and the difference between them 

were estimated. 

Statistical analyses performed: The effect of the use of photos was obtained by evaluating the odds of correctly 

estimating each food portion, ( ± 10% and ± 25%), using logistic regression. Additionally, the effect of using photos, 

the main predictor, was adjusted by other variables (e.g. age and educational level). Results: Rice, beans and 

meatballs had the greater differences between the assessed groups. The odds of success in estimating the portion 

size were greater amongst those that used the photo to estimate their consumption of rice and beans; while the 

contrary was observed for meatballs. Carrot, lettuce and juice had similar biases between the groups. Furthermore, 

educational level, cooking habit, and study centre location influenced the correct estimation of some foods. 
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The study of associations between food consumption and the occur-

ence of diseases has been hampered due to errors present in the assess-

ent of diet [ 1 , 2 ]. In particular, estimation of food portion sizes has

een pointed out as an important source of measurement error in ob-

aining dietary data, which will influence the amounts of food reported

nd may lead to biased conclusions [ 3 , 4 ]. 

In an attempt to mitigate errors in estimates and harmonize inves-

igations of dietary data, visual resources, such as photographs of food

ortions, household measurements, and food shapes, have been widely

eveloped and validated as tools to help in dietary evaluations [ 3 , 5–11 ].

his has been done mostly in Europe and the United States, with fewer

valuations in low and middle-income countries [3] , such as in Malawi

n Africa [9] and Ecuador in South America [12] . 

The use of photos seems to help to obtain more accurate estimates

f the amount of food consumed [ 5 , 8 , 11–21 ]. However, a recent sys-

ematic review concluded that there is still a lack of validated portion

ize estimation tools and a need for more studies with applicability to

argeted settings and populations [3] . 

Further to that, most of the published studies so far have focused

heir assessment on using a real-time (i.e. perception assessment) or re-

all approach (conceptualization-memory assessment) for portion size

stimations in the overall population [3] , without actually comparing

articipant responses related to the use and non-use of visual resources

uring a 24 h dietary recall (24HR) for an actual evaluation of the use

f photos during the dietary assessment. The use of the photos with

4HR is of great interest since it has been suggested as the most suitable

ethod for monitoring dietary intakes of populations [ 22 , 23 ]. 

Moreover, studies in different settings around the world have evalu-

ted influences on the estimate of bias, including sex, educational level,

ge, Body Mass Index (BMI), familiarity with and training in the esti-

ation of food consumption, as well as culture and region in which the

tudy was intended to be used [ 5 , 11 , 15 , 16 , 20 , 21 , 24–26 ]. However, the

esults were not always in agreement. For example, some found that

en tend to underestimate their portion sizes as compared to women

 11 , 24 , 25 ] while others found no statistical difference [ 5 , 15 , 20 ]. Like-

ise, having a higher educational level seemed to help in the quantifi-

ation of portion sizes [ 21 , 26 ] while this was not noted in some other

tudies [ 5 , 11 ]. 

Towards developing a visual aid in Brazil, a photographic album of

ood quantification [27] was developed along with a Brazilian version

f the computerized 24HR GloboDiet software [28] . The authors ex-

ected that the album could assist in food portion quantification, with

r without the need for the GloboDiet software. As an independent tool,

he photo album could aid in the recall of the amount of each food con-

umed. Combined with any other dietary methodologies, such as dietary

ecords or non-computerized 24HR, the use of the photographic album

ould also contribute to the harmonization and standardization of di-

tary data collection in the country. 

Latest results of the VALIDA Study, "Validation of instruments to

uantify the Brazilian diet ”, which evaluated the cognitive ability of

erception in adults using the above-mentioned photo album, indicated

hat the photos seemed to help in recall of the quantification of food

ortions. The average error was − 1.1% for printed photos and + 6.4%

or digital. Nonetheless, the observed error percentage varied from food

o food. For printed photos, the range of error percentage varied from

 18.5% (Margarine) to 20.8% (Chicken); while for digital photos varied
2 
 can assist to estimate food consumption, especially two traditionally Brazilian

f the meatball photo was unsatisfactory and further assessments are needed

the evaluated photos album can be a useful tool in estimating Brazilian food

velopments and assessments are also granted. 

rom − 20.2% (Margarine) to 39% (Popcorn). Now, complementing what

as been assessed, the present analysis of the VALIDA study intended to

ssess the use of photos to assist memory in adults when quantifying

ood portions in an interview-based 24HR dietary survey. 

Considering the lack of validation studies in Brazil, the need for more

alidation studies targeted to specific populations, the lack of consen-

us related to the aspects that influence the validity of portion size pho-

ographs, and the recently developed manual of food portion quantifi-

ation in Brazil, the objective of this study was to evaluate bias and

ssociated factors in estimating food portions during lunch, estimated

y a 24HR interview, with and without the use of printed photos. We

ypothesize that the photos will aid the report of food intake quanti-

ies during the 24-hour interview influenced by different aspects in this

opulation, such as educational level. 

aterials and methods 

This is a validation of the Brazilian GloboDiet food portion quantifi-

ation album through a validation study, which assessed the bias in food

uantification during the 24HR interview. It was developed at the Fed-

ral University of Paraná (UFPR) in Curitiba and the Federal University

f Sergipe (UFS) in Aracaju, as part of the “VALIDA ” study. The project

as approved by the Research Ethics Committee of both universities,

umber 1,363,816, in 2015. In addition, written informed consent was

btained from all participants. Data collection began in the first semester

f 2017, lasting approximately one year. 

The study locations of Curitiba and Aracaju have economic and cul-

ural differences that can impact their food habits. Curitiba, located

n southern Brazil, is a region with a significant cultural impact from

he European colonization. It is the capital of Paraná state, with an es-

imated population of 1963,726 individuals in 2021, a human devel-

pment index (HDI) of 0.823, and a Gini Index of 0.55. Aracaju, lo-

ated in the Northeast region, obtains its cultural characteristic greatly

rom the cultural mix between Brazilian, African, and European in-

igenous populations. Aracaju is the capital of Sergipe state, with an

stimated population of 672.614 inhabitants, an HDI of 0.777, and a

ini Index of 0.62, considered less developed than the city of Curitiba

29] . 

hoto album of food portions used in the study 

We used a photo album of food portions developed with the Brazilian

opulation in mind [ 21 , 27 ]. The album has 96 photos, 32 new photos

roduced in the first half of 2015, and 64 already existing photos, taken

rom the International Agency for Research on Cancer (IARC)/World

ealth Organization (WHO) album, developed in Europe and adapted

or use in Brazil [ 27 , 30 ]. The instrument contains the following meth-

ds of food quantification: photos of household measurements and food

ortions, food shapes, and standard units. Photos of food portions refer

o graduated options, from smaller to larger options. A fork and a knife

or spoon) are used as reference measurements in the photos to assist in

he portion estimation. 

In this study, 10 foods were evaluated: rice, beans (black beans in

uritiba and carioca beans in Aracaju), meatballs, lettuce, grated car-

ots, salt, white vinegar, fruit juice (grape juice in Curitiba and mango

uice in Aracaju), water, and fruit (apple in Curitiba and mandarin Ara-

aju). The selection of foods was based on the following criteria: repre-

entation of different food groups and formats (e.g. liquids, solids and

morphous); frequency of consumption by the population based on data
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Fig. 1. Food portion photos of rice. 
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rom National Brazilian Food Consumption Survey [31] ; consideration

f regional culture in Curitiba and Aracaju (bean type), price (juices)

nd seasonality (fruits). For this selection, it was also considered that

he combination of foods provided would be a good representation of

unchtime in the country, including rice and beans with a protein source,

wo vegetables, two options of beverage, and a fruit. Salt and vinegar

ere used to season the vegetables. Examples of the pictures are shown
3 
n Fig. 1 and the supplementary material. The complete photo album

an be found at www.gupea.ufpr.br . 

articipants 

A total of 140 adult volunteers were recruited (70 in Curitiba and 70

racaju) through direct invitation and by posters placed in social media

http://www.gupea.ufpr.br
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t  
nd the university buildings. These were students, teachers, technicians,

eneral services staff and university visitors. It was a convenience sam-

le, which we considered that we would need at least 50 subjects in

ach study location with the addition of 20 more for possible dropouts.

owever, there were no sampling losses during the survey. The inclu-

ion criterion was adults between 18 and 65 years of age. The exclusion

riteria were individuals with severe visual or neurological deficits, with

ood intolerance or allergy, pregnant women, and vegetarians. 

Recruitment followed pre-defined quota for sex (half men and half

omen) and educational level ( < or ≥ 9 years of study). These charac-

eristics were expected to influence the validity results and therefore we

pted to control them during recruitment [ 11 , 21 , 25 , 26 ] to avoid under-

epresentation of the assessed groups. In Brazil, 9 years of education are

onsidered elementary education, not including high school. 

Furthermore, participants received a unique code based on their

haracteristics (sex, educational level) at the beginning of the survey,

hich also indicated whether they would be allocated to one of the

roups: photo album use or not. Random.org was used to generate the

andom allocated codes in a block randomization. As such, recruitment

as controlled according to the pre-defined quotas based on sex and ed-

cational level and once a group was completed, no further recruitment

as conducted for that specific group (e.g. women with more than 9

ears of study). 

tudy design 

Pre-test and pilot studies were conducted in both study locations.

esearchers were trained regarding all study procedures, especially to

revent discomfort during participants’ food consumption and dietary

ecall. Participants visited the study centre twice between April 2017

nd April 2018, as follows: 

ay 1 — Study introduction and meal consumption 

On the first visit, a questionnaire was applied to identify the par-

icipant, and a double-check was done to verify the study criteria inclu-

ion. All participants receive full explanation about the study procedure.

eight and height were then measured to calculate the BMI (kg/m 

2 ),

stimated and classified according to the WHO [32] . Participants were

lso asked about whether they were in the habit of cooking their meals

t home (always, sometimes, never or rarely). 

Afterward, the individuals were referred to a laboratory, where they

ould choose to consume or not the offered foods displayed on an open

ounter, serving themselves freely and repeating if wished. We chose

o carry out this assessment during lunchtime given the time and costs

nvolved to offer other meals, which we could not afford it. Household

easurements (spoon, ladles) were used to serve all foods, including

alt and vinegar (small spoons). The weight of each food was recorded

fter the individuals placed the chosen amounts, one at a time, on a

late on a scale. Trained researchers discreetly wrote down the weight

f the served food while participants were prevented to see the screen

umbers on the scale. After consumption, the food leftovers on the plate

ere weighed and discounted to obtain the actual consumed portion (in

rams) for each served food. The digital scales used (Katashi brand -

apacity 3200 g and sensitivity 0.01 g) had been calibrated before the

tudy. 

Food densities (density = mass/volume) were also measured in trip-

icate during the study in both centres. To this end, food weight was

efined as 30 g and the sample volume was obtained from the displace-

ent of the food in the water. 

Meals were carried out in laboratories, similar to kitchens. In an at-

empt to make the environment more comfortable for individuals, mu-

ic was played during the meal. The duration of the meals lasted as

ong as the individuals wished. After the meal, participants answered a

uestionnaire about the frequency of consumption of the offered foods

 “daily ”, “weekly ”, “monthly ”, “annually ” and “never ”) and indicated
4 
hether or not they were acquainted with the served food. The number

f participants varied from one to three during each session. 

ay 2 - 24HR 

Individuals were invited to return the day after for another study

rocedure. They were not informed that a 24HR would be applied and

hat they needed to remember the food consumed the day before. The

4HR consisted of an interview-based dietary data collection, conducted

y five trained nutritionists in a quiet room (3 in Curitiba and 2 in Ara-

aju). 

Specifically, the 24HR interviews were conducted using GloboDiet

oftware [28] , which is based on the multiple pass method and has

een previously validated for monitoring and epidemiological purporses

33–35] . The software includes the following parts: a) individual iden-

ification; b) definition of the meal and place of consumption; c) quick

isting of foods consumed; d) description and quantification of foods;

nd e) general review of the 24HR. In the quantification step, the soft-

are offers different estimation options depending on food characteris-

ics: photos of food portions and household measurements, household

easurements without photos, standard portions, food shapes, and stan-

ard units in grams or ml. Based on the initial allocation, participants

ould be in either one of the groups for the quantification step of the

4HR : 

Group with the printed photo album ( n = 71): Participants who

ere subjected to the 24HR interview with the help of photos of food

ortions (for rice, beans, meatball, carrot, and lettuce), photos of

tandard units (for fruit - apple and tangerine) and photos of household

easurements (glasses for water and juice, spoons for salt and vinegar).

ractions, multipliers and in-between photos selections were allowed. 

Group without the printed photo album ( n = 69): Participants who

ere subjected to the 24HR interview without the help of photos, and

eported the quantities consumed in a traditional way using standard

nits and household measurements. 

ata analysis 

The recorded data about the true intake were entered into the Epi-

ata software version 3.1 [36] . The recalled food data in the comput-

rized 24HR were automatically saved in the software during the inter-

iew. Subsequently, all 24HR data were checked for inconsistency (e.g.

xtreme values) and missing information. Notes of inconsistencies cre-

ted automatically by the software or entered by the interviewer were

reated in a standardized way directly in GloboDiet, using as reference

ousehold measurement information from the national survey, when ap-

licable [31] . Then, information on the 24HR recalled portions from the

unch meal and those actually measured on the first day were tabulated

n EpiData, and exported to SPSS software version 22.0 [37] , where they

ere grouped by individuals. 

After determining the weights of the consumed and recalled food

ortions from the lunch meal occasion, the difference between the es-

imated and the true portion size was calculated (i.e., bias) in grams.

hen, the relative bias was estimated in grams ( = estimated weight-true

eight/true weight). 

The means of consumed and recalled food portions, as well as the

eans of bias and relative bias of each food, with and without the

hoto album use, were calculated. All participants who did not con-

ume a particular food or who usually did, but said they had not eaten

t during the 24HR ( n = 3), were omitted from the analysis. Here it

as assumed that participants who did not report an eaten food did

ot have the chance to use the photo to quantify the consumption and,

herefore, the photo´s use could not be assessed. Furthermore, each

ecalled portion size was determined to be within a certain range of

rue. With this intent, we evaluated proportions ± 10% and ± 25% of

rue intake, as previously used [19] , and carried out logistic regression
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Table 1 

Characteristics of the study participants according to photo album use. 

Characterist i cs Total (n 140) With photo album (n 71) Without photo album (n 69) 

n % Mean SD n % Mean SD n % Mean SD p 

Sex 

Women 72 51 36 51 36 52 0.86 

Men 68 49 35 49 33 48 

Study centre 

Curitiba 70 50 36 51 34 49 0.87 

Aracaju 70 50 35 49 35 51 

Age (years) 31 11 32 12 30 11 

18 – 45 115 82 57 80 58 84 0.56 

46 - 65 25 18 14 20 11 16 

Educational level (years of study) 

Low ( < 9) 47 34 23 32 24 35 0.77 

High ( ≥ 9) 93 66 48 68 45 65 

BMI (kg/m2) 25 5 25 4 25 5 

Underweight ( < 18.5) 4 3 3 4 1 2 0.74 

Normal weight (18.5 - 24.9) 77 55 38 54 39 57 

Overweight (25 - 29.9) 37 26 20 28 17 25 

Obesity ( ≥ 30) 22 16 10 14 12 17 

Cooking habit 

Yes/Sometimes 101 72 51 72 50 72 0.93 

No/rarely 39 28 20 28 19 28 

p = Chi-square test p-value, except for BMI where Fisher test was performed. 

SD = Standard deviation. 
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o examine differences in the odds of meeting these criteria by album

se. 

Next, simple and multiple logistic regression analyses were carried

ut [38] . In the simple logistic regression, only the effect of the inter-

ention (photo album use) was considered. Besides the effect of using

hotos, the following covariates were also evaluated in multiple logis-

ic regression at first: sex (women and men), educational level ( < or ≥

 years of study), BMI (kg/m 

2 ), age (years), habit of cooking for self

yes or no), frequency of food consumption (daily, weekly, monthly and

nnually), interviewer (coded 1 to 5), and centre (Aracaju or Curitiba).

he selection of variables to compose the final multiple logistic regres-

ion model was carried out separately for each food in two stages: 1)

nclusion of all variables in the model with significant effect at level

= 20% in unadjusted analyses; 2) Inclusion of variables in the model

ith significant effect at level 𝛼 = 10%, when adjusted for the effects of

ll variables together: sex, BMI, and age. Additionally, the interaction

ffect between photo album use and study centre (Curitiba and Aracaju)

as also investigated to identify a possible regional difference in mem-

ry bias. For all analyses, the level of significance considered was 0.05

nd the analyses were conducted with the use of the software R (Vienna,

ustria), version 3.4.2 [39] . 

esults 

Table 1 shows the characteristics of the study population. Out of 140

ndividuals, most of them were between 18 and 45 years old (82%),

ad more than 9 years of study (66%), were normal weight (55%) and

ere used to cooking for themselves (72%). No significant differences on

utritional status and cooking habit were observed between the groups

f individuals who used ( n = 71) and did not use the album ( n = 69). 

The frequency of consumption was different for each food evalu-

ted in the study. Rice was the only food consumed and reported by all

articipants. The food with the least consumption was water ( n = 16),

ollowed by salt ( n = 48), fruit (n = 56), and vinegar ( n = 55). 

The mean values of consumed and reported food portions, as well as

he mean bias, and relative bias of groups who used the photos, are pre-

ented in Table 2 . In particular, the relative bias was different for some of

he foods evaluated, according to the groups of photo use. The greatest

ifferences were observed for rice ( − 15% with photo album and + 30%

ithout album), beans ( − 13% with photo album and + 116% without
5 
lbum), and meatballs ( − 24% with photo album and + 25% without al-

um). On the other hand, biases between fruit and juice were similar.

he largest relative bias, whether the photo album was used or not, was

bserved in salt estimation ( + 478% with photo album and + 815%

ithout album) and vinegar ( + 639% with photo album and + 501%

ithout album). 

The proportions of foods for which the recalled portion sizes were

ccurate within ± 10% and ± 25% of true portion sizes (in grams) are

hown in Table 3 , confirming the results that the foods with the most

rrors were salt and vinegar, regardless of photo use. For rice, beans,

ettuce, water, juice, and salt, the proportions within ± 10% and ± 25%

ere higher when using the photo album. For vinegar, the error was

imilar in the range of ± 10% and lower in the range of ± 25% (88% vs

3%) while for carrots accuracy of recall was similar in the range of

 10% (88% vs 89%) and ± 25% (77% vs 76%). On the other hand, the

articipants who used the photos made more errors in the estimation

f their consumption of meatballs, both in the accuracy range of ± 10%

90% vs 76%) and ± 25% (71% and 49%). For fruits, the error was sim-

lar amongst groups in the ± 10% range and greater for the group with

hotos, in the ± 25% range (65% vs 52%). 

Due to the low number of participants with a proportion of accuracy

ithin ± 10% and ± 25% for salt, vinegar and water ( n < 8), we did not

nclude these foods in the following analyses. The same is true for fruit

ince the number of participants was low ( n = 56). 

In Table 4 , we evaluated the odds of correcting quantifying the food

mounts with and without the use of the photo album. Increased odds

f success were observed with the use of photos for rice and beans. The

dds were 5.9 and 2.9 times higher in the group that used the photo

lbum to assess rice when compared to the group that did not use it,

ithin the ranges of ± 10% of ± 25%, respectively. For beans, the odds

ere 3.6 times higher for those who used the photo album as compared

o the group that did not use it, within the ± 25% range ( p = 0.002). How-

ver, for meatballs the odds were lower for the group using the photo

lbum (OR 0.35 p = 0.03 at ± 10% range and OR 0.38 p = 0.008 at ± 25%

ange). ( Table 4 ). For lettuce, carrots, and juice, the OR was close to 1

ithin the range of ± 10% and ± 25%, indicating similar performance

etween the two groups. 

After adjustment ( Table 5 ), a significant association was observed

etween the album use and educational level in the evaluation of rice.

ithin the ± 10% performance range, increased odds were observed in
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Table 2 

Number of participants who reported consuming the food item, mean and standard deviation of consumed and estimated 

portion size in 24hr recall, bias (g) and relative bias, with and without album use. 

Food Album N True Portion Size (g) Estimated Portion Size (g) Bias (g) Relative Bias (g) 

Means SD Means SD Means SD Means SD 

Rice With 71 114.47 64.16 92.37 63.38 − 22.09 51.62 − 0.15 0.31 

Without 69 113.58 61.26 153.82 149.42 40.24 120.64 0.30 0.93 

Beans With 71 124.48 57.67 102.56 63.24 − 21.91 49.52 − 0.13 0.43 

Without 66 117.70 57.40 236.03 156.96 118.33 134.25 1.16 1.33 

Meatballs With 70 119.25 49.30 83.67 47.00 − 35.58 48.87 − 0.24 0.42 

Without 67 102.34 45.94 120.46 55.85 18.11 45.19 0.25 0.47 

Carrot With 60 25.05 16.94 22.40 10.66 − 2.64 17.67 0.15 0.84 

Without 59 26.54 15.73 38.93 41.80 12.39 36.88 0.50 1.14 

Lettuce With 65 16.52 8.92 21.27 15.70 4.75 15.80 0.54 1.40 

Without 60 16.52 11.33 25.30 23.90 8.77 22.30 0.78 1.17 

Water With 9 147.63 64.37 193.88 76.01 46.25 69.89 0.44 0.67 

Without 7 182.06 68.98 253.35 137.06 71.29 179.03 0.82 1.97 

Fruit With 29 137.43 33.13 105.85 40.10 − 31.58 48.18 − 0.18 0.38 

Without 27 133.55 23.63 110.41 34.67 − 23.14 35.97 − 0.15 0.28 

Juice With 58 192.43 72.75 226.12 76.72 33.69 68.83 0.24 0.38 

Without 56 194.25 71.57 254.17 103.02 50.92 61.92 0.29 0.38 

Salt With 25 0.59 0.45 1.56 0.94 0.95 1.01 4.78 7.33 

Without 23 0.34 0.36 1.30 1.70 0.95 1.59 8.15 14.71 

Vinager With 27 2.20 1.58 5.72 4.43 3.51 4.74 6.39 17.4 

Without 28 1.76 1.52 7.71 9.44 5.95 9.18 5.01 6.04 

Bias = estimated portion size - true portion size. 

Relative bias = (estimated portion size- true portion size)/true portion size. 

SD = Standard deviation. 

Table 3 

Proportion of reported intake within ± 10% and ± 25% of the true intake, with and 

without photo album use. 

Food Photo Album Within ± 10% of true Within ± 25% of true 

N n % n % 

Rice With 71 19 26.8 36 50.7 

Without 69 4 5.8 18 26.1 

Beans With 71 10 14.1 28 39.4 

Without 66 4 6.1 10 15.2 

Meatballs With 70 7 10.0 20 28.6 

Without 67 16 23.9 34 50.7 

Carrot With 60 7 11.7 14 23.3 

Without 59 6 10.2 14 23.7 

Lettuce With 65 8 12.3 22 33.8 

Without 60 7 11.7 15 25.0 

Water With 9 1 11.1 5 55.6 

Without 7 2 28.6 3 42.9 

Fruit With 29 6 20.7 10 34.5 

Without 27 5 18.5 13 48.1 

Juice With 58 12 20.7 28 48.3 

Without 56 9 16.1 25 44.6 

Salt With 25 2 8.0 5 20.0 

Without 23 1 4.3 3 13.0 

Vinegar With 27 1 3.7 3 11.1 

Without 28 1 3.6 2 7.1 
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he group that used the photo album (OR 6.1 p = 0.002), as compared

o those that did not use it. Moreover, individuals with higher edu-

ation were 4.2 times more likely to correctly estimate the amounts

han those with low education ( p = 0.03). Within the ± 25% range,

he odds were 3.1 times higher amongst those that used the photo

lbum ( p = 0.002). The odds of an individual with high education

evel being able to estimate correctly the amounts of rice were 3 times

igher than those with low education ( p = 0.007). Similarly, individ-

als with high education level had 2.6 times more chance to estimate

orrectly the amounts of consumed lettuce as compared to the lower

ducated ones ( p = 0.04), within the ± 10% range, but not at the ± 25%

ange. 

The variables age, BMI, sex, familiarity with the food, and inter-

iewer were not associated with the bias difference between the two

roups of album use, thus showing no effect on the presented results. 
6 
The quantification of carrots presented similar results amongst the

roups. However, increased odds were observed, within the range of

 25%, when adjusting for those who were used to cooking (cooking

abit). Individuals who were used to cooking for themselves presented

.8 times more chance ( p = 0.02) of correctly estimating the consumed

mount than those who did not cook ( Table 5 ). 

Furthermore, the effect of the location of the study centre was ob-

erved in the evaluation of beans and meatballs, within the ± 25% per-

ormance range ( Table 5 ). Individuals who used the photo album in

uritiba were 9.9 times more likely to estimate correctly the consump-

ion of beans than those who did not use it ( p < 0.001). On the other

and, the odds of correctly estimating the consumption of meatballs in

uritiba were 0.08 less for the group who used the photo album than

hose who did not. The same was not observed in the city of Aracaju

OR = 1.485; p = 0.48 for beans and OR = 1.242, p = 0.74 for meatballs).
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Table 4 

Unadjusted Odds Ratio (OR) and 95% confidence interval (CI) by photo album use, within ± 10% and 

± 25% of true intake. 

Within ± 10% true intake Within ± 25% true intake 

Foods Photo Album n OR CI 95% p ∗ OR CI 95% p ∗ 

Rice Without 69 1 – – 1 – –

With 71 5.937 (1.902; 18.531) 0.002 2.914 (1.431; 5.932) 0.003 

Beans Without 66 1 – – 1 – –

With 71 2.540 (0.756; 8.539) 0.131 3.646 (1.599; 8.314) 0.002 

Meatballs Without 67 1 – – 1 – –

With 70 0.354 (0.134; 0.926) 0.034 0.388 (0.191; 0.786) 0.008 

Lettuce Without 60 1 – – 1 – –

With 65 1.062 (0.360; 3.341) 0.912 1.534 (0.704; 3.341) 0.28 

Carrots Without 59 1 – – 1 – –

With 60 1.166 (0.367; 3.702) 0.793 0.978 (0.419; 2.282) 0.96 

Juice Without 56 1 – – 1 – –

With 58 1.362 (0.524; 3.521) 0.525 1.157 (0.553; 2.417) 0.70 

∗ p estimated using simple Logistic Regression. 

Table 5 

Adjusted Odds Ratio (OR) and 95% confidence interval (CI), by selected variables, within ± 10% and ± 25% of true intake. 

Within ± 10% true intake Within ± 25% true intake 

Food Variable Study centre OR CI 95% p ∗ OR CI 95% p ∗ 

Rice Without photo album 1 – – 1 – –

With photo album 6.143 (1.937; 19.481) 0.002 3.104 (1.477; 6.522) 0.002 

Low educational level 1 – – 1 – –

High educational level 4.232 (1.151; 15.552) 0.03 3.073 (1.344; 7.025) 0.007 

Cook Yes/Sometimes 1 –

Cook no/rarely 0.465 0.08 

Beans Without photo album – 1 –

With photo album Curitiba 9.999 < 0.001 

Aracaju 1.485 0.48 

Meatballs Without photo album – 1 –

With photo album Curitiba 0.087 < 0.001 

Aracaju 1.242 0.74 

Lettuce Without photo album 1 –

With photo album 1.566 0.27 

Low educational level 1 –

High educational level 2.602 0.04 

Carrot Low educational level 1 –

High educational level 0.924 0.86 

Cook Yes/Sometimes 1 –

Cook no/rarely 2.850 0.02 

∗ p estimated by multiple logistic regression / adjusted for album use, education, BMI, cooking habit, and frequency of 

consumption after covariates selection. Data are presented only for those foods that had a covariate influencing the results. 
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Moreover, the average relative bias related to the estimate of beans

stimated with the photo album use in Curitiba ( − 0.02 g or 2%) was con-

iderably lower than that observed in Aracaju ( − 0.25 g or − 25%), sug-

esting that the impact on the photo album use in Curitiba was greater.

egarding the meatballs, the average relative bias without the use of the

lbum was lower in Curitiba ( − 0.08 g or − 8%) than in Aracaju (0.58 g

r + 58%) – Table 6 . 

iscussion 

The effect of using photos to estimate food portion sizes during the

4HR interview and its associated factors were evaluated in this study.

verall, the results showed that the bias was smaller with the use of

he photo album when estimating rice and beans. On the other hand,

he meatball photo contributed to greater chances of error in the food

uantification. Furthermore, the estimation of carrot, lettuce and juice

id not show significant differences between the two assessed groups,

uggesting that the photos had no effect on the quantification of these

oods. 
7 
It is noteworthy to observe the smaller error in the estimation of

he rice and beans. These two foods are culturally traditional in the

ountry and are among the three most consumed foods by the Brazilian

opulation [ 31 , 40 ]. Therefore, they are important sources of nutrients,

nd the error in their estimation may have an important impact on the

rediction of population consumption. 

The intakes of salt and vinegar presented the largest relative biases

n all assessments. Even though it was not possible to infer more about

heir assessment due to the small sample size, our results suggest that

ousehold measurements photos could not help the estimation of these

wo ingredients. In fact, the assessment of ingredients like salt is often

ampered in dietary assessment [41] . Individuals do not measure the

mount of added salt when cooking. Adding and tasting are a common

ractice done when seasoning food and this poses a limitation in esti-

ating salt intake from home cooking. 

Two factors were associated with bias when estimating food portions

ith the use of the photo album: educational level and cooking habit. A

igh educational level seems to contribute to the chances of correctly es-

imating amounts of rice and lettuce. These findings are in line with that
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Table 6 

Number of times consumed, means and standard deviation of true and 24-h recalled portion sizes, bias (g) and relative bias (g) of beans and meatball per study 

centre, with and without photo album use. 

Food 

Study 

centre 

Photo 

album n True Portion Size (g) 

Estimated Portion 

Size (g) Bias (g) Relative Bias (g) 

Means SD Means SD Means SD Means SD 

Beans Curitiba With 36 121.30 66.70 113.76 76.15 − 7.86 51.38 − 0.02 0.48 

Without 33 118.03 56.02 265.27 167.57 147.24 143.57 1.42 1.47 

Aracaju With 35 127.74 47.40 91.37 44.83 − 36.37 43.67 − 0.25 0.34 

Without 33 117.38 59.63 206.80 142.13 89.41 119.47 0.90 1.14 

Meatball Curitiba With 36 127.66 57.48 84.79 38.08 − 42.87 43.82 − 0.27 0.32 

Without 33 118.55 47.54 106.69 48.41 − 11.86 32.40 − 0.08 0.19 

Aracaju With 34 110.34 37.67 82.48 55.48 − 27.85 53.26 − 0.21 0.51 

Without 34 86.60 38.87 133.82 59.95 47.21 35.98 0.58 0.43 

Bias = estimated portion size - true portion size. 

Relative bias = (estimated portion size- true portion size)/true portion size. 

SD = Standard deviation. 
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bserved by Huybregts et al., where women who attended schools had

 greater chance of correctly estimating their food consumption. Similar

esults were also found in the VALIDA study, in which individuals with

ow education had greater difficulty in quantifying food portions using

irtual photos on tablets compared to individuals with higher education

 21 , 26 ]. The study suggested that Brazilian individuals with low educa-

ion may have difficulties in using photos, due to their interpretation and

he way they usually consume the food. For example, the fact that they

onsume their food packed in aluminium containers (so-called “marmi-

as ”) seems to make it difficult to interpret the photographs; the foods

re often mixed in the containers and the quantities are not easily esti-

ated [42] . Therefore, it is recommended that interviewers try to help

hese individuals more and make sure that visual resources are correctly

nderstood during the dietary evaluation. We suggest, for instance, that

nterviewers spend more time and attention during the quantification of

oods from an interviewee with low education, making sure that what

s being reported is the most accurate information the participant can

ive. 

The effect of cooking habit was a contradictory result observed in

his study. The chances of success in estimating carrot correctly were

.8 times higher amongst those who did not cook as compared to those

ho did ( p = 0.02). This information did not match with the findings

rom the qualitative assessment of the VALIDA study, in which it was

eported that individuals who were used to cooking had less difficulty in

he use of the photos [42] . No other study seems to have evaluated the

abit of cooking when validating photos to estimate food consumption.

e, therefore, suggest that these results should be further evaluated and

larified. 

No association was found between the bias in the estimates of food

onsumption and the variables age, BMI, sex, and familiarity with the

ood. This finding differs from that observed in some studies [ 25 , 43 ]

ut is in line with others [ 8 , 16 , 44 , 45 ]. This perhaps can be explained

y the inherent characteristics of the different samples. Since this is the

rst study showing results from Latin America, the observed lack of as-

ociation between results owing bias and sample characteristics could

herefore be informative. 

When evaluating the effect of the location of the study centre, the

hances of correctly estimating portion size was higher amongst those

ho used the photo album in Curitiba than in Aracaju. Aligned with the

esults of Curitiba, an acceptable error was observed in the evaluation of

eans using the printed photos in the perception analysis of the VALIDA

tudy (1.2%). A possible explanation for different centre results could

e the fact that the beans served and consumed by the participants were

ifferent in the two locations. While “carioca beans ” were served in Ara-

aju and “black beans ” were served in Curitiba, a unique set of photos

f black beans was used in the validation at both locations. It is there-

ore suggested that the usefulness of the photograph is higher when the
8 
bserved picture is identical to the food consumed. Nevertheless, the

iterature has studies that show that amorphous foods, such as “beans

ith broth ”, can be also estimated with less precision depending on the

ndividual perception [ 3 , 20 , 21 ]. 

The less precision of amorphous foods may be related to their irregu-

ar shape and the depth of the utensils depicted in the photos, which can

istort the concept of volume, and may therefore influence the validity

esults. This has been noted with two foods in the perception assess-

ent of the VALIDA study, in which Popcorn and Feijoada were not

ell estimated [21] . 

Meatballs represent another food where an interaction between the

ocation of the study centre and the bias was observed. Only in Cu-

itiba, the chance of a correct report ( ± 25%) was lower for the group

hat used the photo album compared to those who did not use it. It

hould be noted that the meatballs portrayed had a specific character-

stic in relation to the other photos used. Each portion image presents

wo options of meatball sizes in the same photo (see supplementary ma-

erial). Consequently, individuals interpreted this photo inappropriately

nd meatball intakes were underestimated. It is therefore suggested that

his photo be reviewed since its use reduced the chances of obtaining

ore accurate estimates in the consumption of meatballs. In addition,

mages with dubious interpretation, such as the picture of the meatball,

an cause errors in dietary evaluation and should be used with caution.

In an attempt to clarify the regional differences found in the study,

he usual frequency of the consumed foods per study centre was also

valuated. However, no associations were found between the frequency

f food intake and the observed bias in estimates of portion size. Food

ensities of the served foods in each study centre were also investigated

ince this can influence the final served amounts. For instance, the den-

ity of the beans served in Aracaju could be different from the one pre-

ared in Curitiba due to its mode of preparation or intrinsic content.

owever, there were no differences in the reporting between them (re-

ults not presented). 

imitations and strengths of the study 

The present study may present some limitations. First, the controlled

ood intake ambience may have interfered in the results of the validation

tudy. Participants may have been more attentive to their food intake,

hich may have helped them remembering what was eaten during the

4-HR therefore probably leading to smaller biases in the assessment.

f this was the case, however, it happened to both groups. Second, the

nterviewers who administered the 24HR also participated in the weigh-

ng and serving of the foods; this may have influenced the food recall.

owever, we stress that interviewers were trained to limit potential in-

erences in the recall of food consumption. Third, the food consumption

as different amongst the participants, impacting on the number of in-
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estigated foods. Consequently, the results of water, salt, vinegar and

ruit were fairly inconclusive. Fourth, only 10 foods were evaluated in

he two Brazilian cities studied. Nevertheless, these represented differ-

nt types of foods and can already give us an idea of the performance of

he manual. Fifth, a convenience sample was used and may not be rep-

esentative of the general population, thus requiring further investiga-

ions. Sixth, the assessment included only one meal recalled in only one

ay of 24HR, which is justified by the study complexity of controlling

 full day of food consumption. Finally, it could be questioned whether

articipants who consumed a specific food but did not report eating it

hould be included in the analysis, to account for extra source of under-

eporting. We opted for excluding those reports because we considered

hat the description of a food is a different component of the 24HR and

hat the actual use of the photo for quantifying a consumed portion

ould not be assessed if the food was not even recalled. Nonetheless,

ensitivity analyses showed us that the results would not change with

heir inclusion. 

We believe that this study was essential to verify how the use of pho-

os can assist individuals in quantifying foods during the actual assess-

ent of 24HR. In fact, memory is an important source of error associated

ith 24HR and evaluating the benefits and limitations of the album use

owards reducing this bias contributes to the obtaining of less biased

ietary data and consequently more precise dietary assessments. There-

ore, it is expected that the study will contribute to the harmonization

f dietary data collection in Brazil and Latin America [28] . 

Furthermore, our results highlighted the challenges in obtaining ac-

urate food estimates, as some foods and individuals presented numer-

us errors in the evaluations, out of the range considered acceptable.

his corroborates with the scientific literature on the need for continu-

us studies in the area of self-reported dietary assessment. We acknowl-

dge that accurately evaluating portions consumed by individuals is a

omplex task, requiring well-designed and controlled methodologies. 

onclusion 

In conclusion, the use of the photo album was beneficial and con-

ributed to better estimates of two traditional Brazilian foods, rice, and

eans. However, the meatball photo seems to have contributed nega-

ively to the quantitative estimate in one of the centres. Furthermore,

ducational level, cooking habit, and study centre location may have in-

uenced the correct estimate of the consumption of some foods. Thus, it

s concluded that the evaluated photos album can be a useful tool in es-

imating the Brazilian food consumption. It is suggested, however, that

he meatball photograph should be revised and adapted as well as it is

esirable that the remaining photos should be further assessed. 

The most important take home messages from our study to other

lobal contexts refers to 1) the confirmation results that educational

evel plays a role in the quantification of foods, 2) the identification of

ooking habits as an aspect influencing the ability to recall some of the

ood quantities, 3) the confirmation that the same food portion photo

ay have different validity results across populations/regions. 

uthor contributions 

GRF, DGDS, CCBA, SAC, DMM, RMF, SPC conceptualized the study.

AFP, HSL, NASK, LSM, TZCM, BNFS, GRF collected the data. CAT,

FR e SPC conducted the analyses and wrote the first draft with contri-

utions from other authors. All authors provided final approval of the

anuscript. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial

nterests or personal relationships that could have appeared to influence

he work reported in this paper. 
9 
unding 

This work was supported by the Coordination for the Improvement

f Higher Education Personnel - Brazil - CAPES, (Finance Code 001 );

nd the National Council for Scientific and Technological Development

NPq – (CNPq 400434/2013–0 and 441981/2014 − 3 ). 

cknowledgments 

The authors thank Adriana Serenato, Andreia Sontak, Amanda Claro

os Santos Nunes Pereira, Beatriz Ribeiro, Daiza Dóris, Dayana Apare-

ida Pereira da Silva, Emily Melo, Gabriela Godoi da Silva, Glenda Vian

a Silva, Rubens Hideki Duarte Tamehiro, Jessica Simões, José Bento

amargo and Viviani da Silva Batista for their contributions to this

tudy. The English text of this paper has been revised by Sidney Pratt,

anadian, MAT (The Johns Hopkins University), RSAdip – TESL (Cam-

ridge University). 

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi:10.1016/j.meafoo.2021.100007 . 

eferences 

[1] W. Willett , Nutritional Epidemiology, Oxford university press, 2012 . 

[2] A.F. Subar , L.S. Freedman , J.A. Tooze , et al. , Addressing current criticism regarding

the value of self-report dietary data, J. Nutr. 145 (2015) 2639–2645 . 

[3] B. Amoutzopoulos , P. Page , C. Roberts , et al. , Portion size estimation in dietary

assessment: a systematic review of existing tools, their strengths and limitations,

Nutr. Rev. 78 (2020) 885–900 . 

[4] Y.S. Cypel , P.M. Guenther , G.J. Petot , Validity of portion-size measurement aids: a

review, J. Am. Diet. Assoc. 97 (1997) 289–292 . 

[5] H.I. Ali , C. Platat , N. El Mesmoudi , M. El Sadig , I Tewfik , Evaluation of a photo-

graphic food atlas as a tool for quantifying food portion size in the United Arab

Emirates, PLoS ONE 13 (2018) e0196389 . 

[6] A. Biltoft-Jensen , T. Holmgaard Nielsen , K. Hess Ygil , T. Christensen , S Fagt , Ac-

curacy of food photographs for quantifying food servings in a lunch meal setting

among Danish children and adults, J. Hum. Nutr. Diet 31 (2018) 131–140 . 

[7] E. Valanou , A. Naska , A. Barbouni , et al. , Evaluation of food photographs assessing

the dietary intake of children up to 10 years old, Public Health Nutr. 21 (2018)

888–895 . 

[8] S. Vilela , C. Lopes , S. Guiomar , et al. , Validation of a picture book to be used in a

pan-European dietary survey, Public Health Nutr. 21 (2018) 1654–1663 . 

[9] V.L. Flax , C. Thakwalakwa , C.H. Schnefke , et al. , Validation of a digitally displayed

photographic food portion-size estimation aid among women in urban and rural

Malawi, Public Health Nutr. 22 (2019) 3140–3150 . 

10] Y. Ding , Y. Yang , F. Li , et al. , Development and validation of a photographic atlas of

food portions for accurate quantification of dietary intakes in China, J. Hum. Nutr.

Dietetic. 34 (2021) 604–615 . 

11] L. Salvesen , D. Engeset , N.C. Overby , A.C. Medin , Development and evaluation of

image-series for portion size estimation in dietary assessment among adults, J. Nutr.

Sci 10 (2021) e3 . 

12] M.P. Villena-Esponera , S. Mateos-Marcos , M. Salazar-Donoso , Validation of a photo-

graphic atlas of food portions designed as a tool to visually estimate food amounts

in Ecuador, Nutr. Hosp. 36 (2019) 363–371 . 

13] J. Szenczi-Cseh , Z. Horvath , A. Ambrus , Validation of a food quantification picture

book and portion sizes estimation applying perception and memory methods, Int. J.

Food Sci. Nutr 68 (2017) 960–972 . 

14] M. Bouchoucha , M. Akrout , H. Bellali , et al. , Development and validation of a food

photography manual, as a tool for estimation of food portion size in epidemiological

dietary surveys in Tunisia, Libyan J. Med. 11 (2016) 32676 . 

15] H. Harris-Fry , P. Paudel , M. Karn , et al. , Development and validation of a photo-

graphic food atlas for portion size assessment in the southern plains of Nepal, Public

Health Nutr. 19 (2016) 2495–2507 . 

16] A. Naska , E. Valanou , E. Peppa , M. Katsoulis , A. Barbouni , A. Trichopoulou , Eval-

uation of a digital food photography atlas used as portion size measurement aid in

dietary surveys in Greece, Public Health Nutr. 19 (2016) 2369–2376 . 

17] A.F. Subar , J. Crafts , T.P. Zimmerman , et al. , Assessment of the accuracy of portion

size reports using computer-based food photographs aids in the development of an

automated self-administered 24-hour recall, J. Am. Diet. Assoc. 110 (2010) 55–64 . 

18] A.E. Mathews , A. Al-Rajhi , A.S. Kane , Validation of a photographic seafood portion

guide to assess fish and shrimp intakes, Public Health Nutr. 21 (2018) 896–901 . 

19] S.I. Kirkpatrick , N. Potischman , K.W. Dodd , et al. , The use of digital images in

24-Hour recalls may lead to less misestimation of portion size compared with tradi-

tional interviewer-administered recalls, J. Nutr. 146 (2016) 2567–2573 . 

20] N. Amougou , E. Cohen , M.L. Mbala , et al. , Development and validation of two food

portion photograph books to assess dietary intake among adults and children in

Central Africa, Brit. J. Nutr. 115 (2016) 895–902 . 

http://dx.doi.org/10.13039/501100002322
https://doi.org/10.1016/j.meafoo.2021.100007
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0001
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0001
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0002
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0002
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0002
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0002
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0002
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0003
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0003
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0003
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0003
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0003
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0004
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0004
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0004
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0004
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0005
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0005
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0005
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0005
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0005
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0005
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0006
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0006
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0006
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0006
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0006
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0006
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0007
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0007
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0007
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0007
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0007
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0008
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0008
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0008
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0008
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0008
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0009
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0009
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0009
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0009
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0009
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0010
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0010
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0010
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0010
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0010
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0011
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0011
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0011
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0011
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0011
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0012
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0012
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0012
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0012
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0013
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0013
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0013
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0013
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0014
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0014
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0014
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0014
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0014
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0015
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0015
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0015
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0015
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0015
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0016
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0016
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0016
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0016
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0016
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0016
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0016
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0017
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0017
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0017
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0017
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0017
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0018
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0018
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0018
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0018
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0019
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0019
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0019
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0019
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0019
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0020
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0020
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0020
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0020
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0020


G.R. Ferreira, D.G. da Silva, C.A. Taconeli et al. Measurement: Food 3 (2021) 100007 

[  

[  

[  

[  

[  

 

[  

 

[  

[  

 

[

[  

 

[  

 

[  

[  

 

 

[  

 

[  

 

[  

[

[  

[  

[  

 

[  

[  

 

[  

 

[  

 

[  

 

21] P.G. Nichelle , C.C. Almeida , S.A. Camey , et al. , Subjects’ perception in quantifying

printed and digital photos of food portions, Nutrients 11 (2019) 501 . 

22] G. Biro , K. Hulshof , L. Ovesen , J Amorim Cruz , Selection of methodology to assess

food intake, Eur. J. Clin. Nutr. 65 (2002) S25–532 . 

23] FAO, INTAKEFAO/Intake Joint Meeting Report On Dietary Data Collection, Analysis

and Use, FAO and Intake-Center for Dietary Assessment., 2020 Rome, Italy . 

24] M. Nelson , M. Atkinson , S. Darbyshire , Food photography I: the perception of food

portion size from photographs, Brit. J. Nutr. 72 (1994) 649–663 . 

25] M. Nelson , M. Atkinson , S. Darbyshire , Food photography II: use of food photographs

for estimating portion size and the nutrient content of meals, Brit. J. Nutr. 76 (1996)

31–49 . 

26] L. Huybregts , D. Roberfroid , C. Lachat , J. Van Camp , P. Kolsteren , Validity of pho-

tographs for food portion estimation in a rural West African setting, Public Health

Nutr. 11 (2008) 581–587 . 

27] S.P. Crispim , R.M. Fisberg , C.C.B. Almeida , et al. , Manual Fotográfico de Quantifi-

cação Alimentar, Universidade Federal do Paraná, Curitiba, Paraná, 2017 1 ed. . 

28] S. Bel-Serrat , V. Knaze , G. Nicolas , et al. , Adapting the standardised computer- and

interview-based 24h dietary recall method (GloboDiet) for dietary monitoring in

Latin America, Public Health Nutr. 20 (2017) 2847–2858 . 

29] PNUD, IPEA, FJPAtlas Do Desenvolvimento Humano, 2021 Brasília, Brazil . 

30] A. Van Kappel , J. Amoyel , N. Slimani , B. Vozar , E. Riboli , EPIC-SOFT Picture Book

for Estimation of Food Portion sizes. Lyon, International Agency for Research on

Cancer, 1994 . 

31] IBGE, Pesquisa De Orçamentos Familiares 2008–2009: Análise do Consumo Alimen-

tar Pessoal no Brasil. Rio de Janeiro: Instituto Brasileiro De Geografia e Estatística

(IBGE), Ministério do Planejamento, 2011, p. 150. Orçamento e Gestão . 

32] WHOObesity: Preventing and Managing the Global epidemic: World Health Organi-

zation, 2000 . 

33] N. Slimani , S. Bingham , S. Runswick , et al. , Group level validation of protein intakes

estimated by 24-hour diet recall and dietary questionnaires against 24-hour urinary

nitrogen in the European Prospective Investigation into Cancer and Nutrition (EPIC)

calibration study, Cancer Epidemiol. Prevent. Biomarker. 12 (2003) 784–795 . 
10 
34] S.P. Crispim , A. Geelen , J.H. De Vries , et al. , Bias in protein and potassium intake

collected with 24-h recalls (EPIC-Soft) is rather comparable across European popu-

lations, Eur. J. Nutr. 51 (2012) 997–1010 . 

35] S. Crispim , A. Geelen , O. Souverein , et al. , Biomarker-based evaluation of two 24-h

recalls for comparing usual fish, fruit and vegetable intakes across European centers

in the EFCOVAL Study, Eur. J. Clin. Nutr. 65 (2011) S38–S47 . 

36] T.B. Christiansen , J.M. Lauritsen , EpiData - Comprehensive Data Management and

Basic Statistical Analysis System, EpiData Association, Odense Denmark, 2010 . 

37] IBMSPSS Statistics for windows, Version 22.0. Armonk, NY: IBM Corp, 2013 . 

38] D.W. Hosmer Jr , S. Lemeshow , R.X Sturdivant , Applied Logistic Regression, John

Wiley & Sons, 2013 . 

39] Team RC.R: A Language and Environment for Statistical computing. R Foundation

for Statistical Computing, 2017 Vienna, Austria . 

40] IBGE, Pesquisa De Orçamentos Familiares 2017–2018: Análise do Consumo Alimen-

tar Pessoal no Brasil. . Rio de Janeiro: Instituto Brasileiro De Geografia e Estatística

(IBGE), 2020, p. 124 . 

41] R.M. McLean , Measuring population sodium intake: a review of methods, Nutrients

6 (2014) 4651–4662 . 

42] N.A.S. Koubik , C.O. Medeiros , G.V. da Silva , J.B. Goncalves , S.P. Crispim , Perspec-

tives from individuals with low education and interviewers using the GloboDiet 24h

recall: a qualitative study, J. Nutr. Sci. 9 (2020) e13 . 

43] C.M. Timon , S.E. Cooper , M.E. Barker , et al. , A Comparison of Food Portion Size

Estimation by Older Adults, Young Adults and Nutritionists, J. Nutr. Health Aging

22 (2018) 230–236 . 

44] M.L. Ovaskainen , M. Paturi , H. Reinivuo , et al. , Accuracy in the estimation of food

servings against the portions in food photographs, Eur. J. Clin. Nutr. 62 (2008)

674–681 . 

45] M. Nikoli ć, J. Mile š evi ć, M. Zekovi ć, M. Gurinovi ć, M. Glibeti ć, The development

and validation of food atlas for portion size estimation in the Balkan region, Front.

Nutr. 5 (2018) . 

http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0021
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0021
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0021
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0021
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0021
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0022
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0022
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0022
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0022
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0022
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0023
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0024
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0024
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0024
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0024
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0025
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0025
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0025
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0025
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0026
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0026
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0026
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0026
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0026
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0026
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0027
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0027
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0027
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0027
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0027
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0028
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0028
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0028
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0028
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0028
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0029
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0030
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0030
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0030
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0030
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0030
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0030
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0031
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0032
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0033
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0033
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0033
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0033
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0033
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0034
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0034
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0034
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0034
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0034
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0035
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0035
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0035
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0035
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0035
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0036
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0036
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0036
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0037
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0038
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0038
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0038
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0038
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0039
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0040
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0041
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0041
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0042
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0042
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0042
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0042
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0042
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0042
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0043
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0043
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0043
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0043
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0043
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0044
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0044
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0044
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0044
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0044
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0045
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0045
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0045
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0045
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0045
http://refhub.elsevier.com/S2772-2759(21)00005-8/sbref0045

	Assessment of bias and associated factors for food portion quantification with photos in Brazil
	Introduction
	Materials and methods
	Photo album of food portions used in the study
	Participants
	Study design
	Day 1 - Study introduction and meal consumption
	Day 2 - 24HR
	Data analysis

	Results
	Discussion
	Limitations and strengths of the study

	Conclusion
	Author contributions
	Declaration of Competing Interest
	Funding
	Acknowledgments
	Supplementary materials
	References


