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Abstract
Purpose Understanding whole-grain intake and its associated factors is essential to tackle the double burden of malnutri-
tion faced by Latin American countries. This study aimed to characterize total and whole grain intake in Latin American 
countries and to investigate foods contributing to these intake in the region.
Methods Data were obtained from the multicenter cross-sectional survey Latin American Study of Nutrition and Health 
(ELANS), including 9128 participants residing in urban areas of eight Latin American countries. Data collection was per-
formed via two household visits using a standardized questionnaire and two 24 h dietary recalls. Usual dietary intake of total 
grain foods and foods containing whole grains was estimated. The association between the intake of grain food groups and 
sociodemographic variables was investigated using multiple linear regression models with random intercepts.
Results Mean intake of total grain foods and foods containing whole grains was 318.6 g/d and 14.7 g/d, respectively. Total 
grain foods were less consumed by participants at older ages (−9.8 g/d), and females (−9.9 g/d), and more consumed by 
those in the lowest socioeconomic category (24.8 g/d). Foods containing whole grains were more consumed by participants 
at older ages (3.3 g/d), and females (4.0 g/d), while those in the lowest socioeconomic category consumed 2.9 g/d less. Major 
contributors to energy provided from foods containing whole grains were oatmeal, masa harina, whole-wheat bread, corn 
chips, and wheat crackers.
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Conclusion The intake of grain foods represented a substantial part of the Latin American population’s diet, but the intake 
of foods containing whole grains was extremely low in all assessed countries.

Keywords Latin America · Multicenter study · Epidemiology · Whole grain · Socioeconomic factors · Dietary intake

Introduction

Low whole grain (WG) intake is one of the main dietary 
risk factors contributing to deaths and disability-adjusted 
life-years (DALYs) globally, in particular, due to cardiovas-
cular diseases and type 2 diabetes [1]. Inadequate WG intake 
is also linked to high economic burden, and even small 
increases in WG consumption may lead to health improve-
ment as well as reduced health system burden, being consid-
ered a cost-saving strategy [2–4]. However, most nutrition 
surveillance surveys do not have WG intake estimations, 
since its assessment is still a challenging task. Variations 
in the definition of WG, labelling issues, and the lack of 
WG content in food composition tables make it difficult to 
estimate and compare WG intake between countries. Avail-
able data suggest that WG intake is far below recommended 
levels, especially among countries where grain foods are 
usually consumed as refined grains [3, 5]. Therefore, under-
standing WG intake as well as associated sociodemographic 
characteristics is essential to inform policymakers and stake-
holders to reduce related disease burden.

In Latin American and the Caribbean countries, car-
diovascular diseases and type 2 diabetes are the major 
causes of morbidity and mortality, and estimations from 
the Global Dietary Database Consortium indicate subop-
timal diet is responsible for 53.8% of total cardiometabolic 
deaths in the region [6, 7]. Low WG intake, defined as the 
intake  < 125 g/d of foods containing  ≥ 1.0 g of fiber per 
10 g of carbohydrate, occupied the fourth position among 
dietary risk factors, accounting for 9.2% of those deaths, 
more than 89 thousand deaths in 2010 [7]. Despite the 
overall low intake of whole grains in Latin American and 
Caribbean countries, the amount consumed varies widely 
(from 6 g/d in Cuba to 125 g/d in Barbados) [7]. Importantly, 
WG dietary sources were not previously investigated and 
may be culturally dependent. This knowledge is essential 
to encourage the population to increase the consumption of 
WG foods [3, 8]. Previous studies suggest that grain foods 
play a central role in the Latin American population’s diet, 
which makes them a potential target for policy actions to 
improve diet quality and to tackle the double burden of mal-
nutrition in the region [9–11].

This study aims to provide data on WG intake in Latin 
American countries. The investigation was performed in 
three domains: (1) to estimate the intake of total and WG 

foods in Latin America, (2) to characterize this consump-
tion by country, age, sex, and socioeconomic level; and (3) 
to assess foods contributing to grain intake in this region. 
To achieve these aims, we used the Estudio Latinoamericano 
de Nutrición y Salud (ELANS, Latin American Study of 
Nutrition and Health), a multicenter cross-sectional survey 
performed using a rigorous standardization protocol to har-
monize food assessment and nutrient composition databases 
across participating countries generating comparable dietary 
intake data [12, 13].

Methodology

Study sample

ELANS was designed to collect dietary intake, physical 
activity and anthropometric data in a nationally repre-
sentative urban sample of eight Latin American coun-
tries—Argentina, Brazil, Chile, Colombia, Costa Rica, 
Ecuador, Peru, and Venezuela [12], which accounted for 
approximately 63% of the Latin American population in 
2015 according to the World Bank. Participants were ran-
domly selected via complex multistage sampling. In the 
first stage, cities within the main urban regions of each 
country were selected, followed by census tracts. System-
atic randomization process was used for household selec-
tion and participant’s inclusion was made using the fol-
lowing two criteria: the next birthday was used to select 
participants in half of the household sampled, and quotas 
of gender, age, and socioeconomic level were adopted 
to select participants in the other half of households. No 
more than one participant was included per household. 
Urban geographical location, sex, age (15–65 years) and 
socioeconomic level were considered as strata. A total of 
10,134 participants were eligible for this study, but due to 
refusal, 9680 participants comprised the ELANS sample. 
Only those with complete data, who answered the socio-
economic questionnaire, and two 24 h dietary recalls were 
included in this study [n = 9128 participants from Argen-
tina (n = 1266), Brazil (n = 2000), Chile (n = 879), Colom-
bia (n = 1230), Costa Rica (n = 798), Ecuador (n = 800), 
Peru (n = 1113), and Venezuela (n = 1132)]. Data collec-
tion was performed via two household visits from Septem-
ber 2014 to August 2015 [12]. More information on the 
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study design, protocol and methodology was previously 
published [12].

Dietary intake

Dietary intake data were performed on non-consecutive days 
(within one week) via face-to-face interviews using two 24 h 
dietary recalls [13]. The five-step Multiple Pass Method was 
followed to enable complete and accurate 24 h recalls, and a 
photographic album of most consumed foods and commonly 
used household utensils assisted the portion sizes estima-
tion [14]. Dietary data were converted into nutrients and 
other food components using the Nutrition Data System for 
Research software version 2014 developed by the Nutrition 
Coordinating Center, University of Minnesota, Minneapolis, 
MN, which uses the United States Department of Agricul-
ture (USDA) food composition table as the main data source. 
Therefore, nutritional values of foods included in the sur-
vey were compared with the ones available in the local food 
composition tables and a concordance rate between 80 and 
120% for energy and macronutrient content was required for 
the food item to be selected. Regional foods and recipes were 
also inserted in the program based on local food composi-
tion tables and local publications. Plausibility checks were 
performed with the purpose of identifying and correcting 
possible errors in dietary data collection and processing. 
Kovalskys et al. [13] described more details about the die-
tary collection and standardization process.

Grain food products

The USDA “grain products” food group was used to iden-
tify grain foods since it has a direct link to food items in the 
NDSR database. This food grouping system includes the 
following subcategories in the “grain products” group: (1) 
flour and dry mixes, (2) yeast breads, rolls, (3) quick breads, 
(4) cakes, cookies, pies, pastries, bars, (5) crackers and salty 
snacks from grain products, (6) pancakes, waffles, French 
toast, other grain products, (7) pastas, cooked cereals, rice, 
(8) cereals, not cooked or not specified as to cooked, (9) 
grain mixtures, frozen plate meals, soups (10) meat substi-
tutes, mainly cereal protein [15]. Local grain foods inserted 
in the program were manually assigned into one of the sub-
categories based on nutritional similarity and culinary use. 
Foods consumed at the first and second 24 h recalls were 
evaluated with mixed dishes disaggregated.

Grain products were categorized according to the whole 
grain content in the following groups: (1) total grain foods, 
(2) grain foods containing WG (any amount), and (3) grain 
foods containing  > 50% WG. The third category is included 
in the second, and both are comprised in the first category. 
The classification was made using the “total grain (ounce 

equivalent)” and “whole grain (ounce equivalent)” vari-
ables of the NDSR software (see Supplementary Materi-
als—Online Resource Table 1). We opted to work on the 
food basis since there is no information on WG content in 
Latin American food composition tables or any other dataset 
of our knowledge that would enable us to estimate the WG 
content of foods in grams on a dry weight basis as previously 
recommended [16]. Therefore, a plausibility check for foods 
consumed among ELANS participants was only possible by 
using the presence and position of a WG ingredient in the 
ingredient list on the food label of products commercialized 
in Latin American countries.

Each individual’s usual intake of energy (kcal), total grain 
foods (g), grain foods containing WG (g), and grain foods 
containing  > 50% WG (g) was estimated using the National 
Cancer Institute (NCI) method by MIXTRAN and INDI-
VINT SAS macros [17]. A two-part model was considered 
for grain foods containing WG and grain foods contain-
ing  > 50% WG (more than 5% of zero intake), accounting 
for the probability to consume food and the amount of food 
consumed. For total grain foods and total energy, only the 
“amount” model was performed. For both probability and 
amount models, covariates included age, sex, and an indica-
tor of first-day versus second-day dietary recall to account 
for sequence effects of a subject’s dietary recall. The estima-
tion of usual intake was conducted separately for each coun-
try to account for differences in food intake among studied 
countries.

The usual intake of grain foods was further adjusted 
for total energy intake to grams per 2000 kcal/d using the 
nutrient density method to consider variations in body size, 
physical activity and metabolic efficiency [18]. We used 
2000 kcal for this adjustment as this value is similar to the 
mean energy intake among ELANS participants [mean 
1997.7 kcal/d, standard deviation (SD) 505.9 kcal/d].

Sociodemographic variables

Sociodemographic variables were assessed using a stand-
ardized questionnaire during the first household visit. Age 
(15–19 years, 20–34 years, 35–49 years, 50–65 years), sex 
(male, female), and socioeconomic level (high, middle, low) 
were used in this study. Socioeconomic level varied accord-
ing to the country, based on the legislative requirements and 
local standard layouts, and was categorized into three levels 
based on national indexes [12].

Statistical analysis

The absolute and relative number of grain food products 
according to grain food groups and countries were com-
puted. Energy-adjusted mean (SD) and median (interquartile 
range, IQR) intake of grain foods were evaluated according 
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to countries and sociodemographic variables. The associa-
tion between the intake of grain food groups and sociode-
mographic variables was investigated using multiple linear 
regression models with random intercepts to account for 
the correlation between observations within urban centers 
included in the study. Models were adjusted for age group 
(15–19 years, 20–34 years, 35–49 years, 50–65 years), sex 
(male, female), socioeconomic level (high, medium, low), 
and center (urban centers included in ELANS, random inter-
cept). Coefficients from these models were used to estimate 
adjusted mean and median intakes, and the proportion of 
foods containing WG to total grain foods consumed.

To assess which foods contribute to energy intake from 
grain food groups among Latin American population, we 
estimated the corresponding percentage of energy from 
total grain foods, foods containing WG, and foods contain-
ing  > 50% WG from the total energy provided from these 
foods. For this analysis, the mean energy intake from grain 
food groups between the first and second 24 h recall was 
used.

Data were analyzed using Stata version 14.0 (StataCorp) 
and statistical significance was set as two-sided p < 0.05.

Results

Number of grain food products in the ELANS dataset

A total of 695 grain food products were identified in ELANS 
dataset, including 206 (29.6%) grain foods containing WG, 
and 148 (21.3%) grain foods containing  > 50% WG. The 
number of products varied between countries, the highest 
number of total grain foods was seen in Argentina (n = 217) 
followed by Colombia (n = 213), Costa Rica (n = 193), Brazil 
(n = 185), Chile (n = 172), Peru (n = 156), Ecuador (n = 145), 
and Venezuela (n = 126). The percent of grain products con-
taining WG from total grain products was higher in Colom-
bia (38.5%, n = 82), followed by Costa Rica (36.8%, n = 71), 
Ecuador (35.2%, n = 51), Chile (33.7%, n = 58,), Peru 
(26.3%, n = 41), Brazil (25.9%, n = 48), Argentina (25.8%, 
n = 56), and Venezuela (23.8%, n = 30). The percent of grain 
foods containing  > 50% WG from total grain products fol-
lowed a similar pattern: Colombia (30.0%, n = 64), Costa 
Rica (28.5%, n = 55), Ecuador (28.3%, n = 41), Chile (25%, 
n = 43), Argentina (18.9%, n = 41), Brazil (18.9%, n = 35), 
Peru (18.6%, n = 29), and Venezuela (16.7%, n = 21) (Fig. 1 
and Online Resource Table 2) [1].

Intake of grain foods by the studied Latin American 
population

Mean (SD) intake of total grain foods in ELANS was 
318.6  g/d (9.6), and ranged from 254.8  g/d (12.6) in 

Argentina to 481.7 g/d (25.2) in Peru. Mean (SD) intake of 
foods containing WG and foods containing  > 50% WG was 
14.7 g/d (2.6) and 12.2 g/d (1.8), respectively. Brazil had 
the lowest mean intake of both grain food groups contain-
ing WG, 10.6 g/d (SD 2.3) for grain foods containing WG 
and 8.2 g/d (SD 1.6) for grain foods containing  > 50% WG, 
while Costa Rica presented the highest intakes, 20.8 g/d (SD 
2.8) and 18.9 g/d (SD 2.1), respectively (Fig. 2 and Online 
Resource Table 3) [1].

The estimated proportion of foods containing WG to 
total grain foods consumed was 4.6% (SD 0.9) and for foods 
containing  > 50% WG, this percentage was 3.9% (SD 0.7). 
Colombia presented the highest proportions, 7.1% (SD 1.4) 
for grain foods containing WG, and 6.3% (SD 1.0) for grain 
foods containing  > 50% WG. The lowest proportion was 
seen in Brazil [3.6% (SD 0.9) for grain foods containing 
WG, and 2.8% (SD 0.6) for grain foods containing  > 50% 
WG], and in Peru [3.6% (SD 0.5) for grain foods containing 
WG and 2.8% (SD 0.4) for grain foods containing  > 50% 
WG] (Fig. 2 and Online Resource Table 4) [1].

Sociodemographic differences in grain foods intake 
in Latin America

The association between sociodemographic variables and 
the intake of total grain foods, foods containing WG, and 
foods containing > 50% WG in assessed countries is pre-
sented in Fig. 3 and Online Resource Table 5 [1]. Regard-
ing the consumption of total grain foods, participants aged 
20–34  years, 35–49  years, and 50–65  years consumed 
7.5 g/d (95% CI 11.2, 3.9), 6.7 g/d (95% CI 10.5, 2.9), and 

Fig. 1  Percent of total grain foods, grain foods containing whole 
grains and grain foods containing  > 50% whole grains in the Latin 
American Study of Nutrition and Health (ELANS) database accord-
ing to country, 2015. Black solid line represents the proportion of 
foods containing whole grain in ELANS database. Black dashed line 
represents the proportion of foods containing  > 50% whole grain in 
ELANS database
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9.8 g/d (95% CI 13.9, 5.8) less when compared to those aged 
12–19 years, respectively, women consumed 9.9 g/d (95% 
CI 12.2, 7.6) less than men, and those in the medium and 
low socioeconomic levels consumed 14.7 g/d (95% CI 10.5, 
18.9) and 24.8 g/d (95% CI 20.7, 29.0) more than those in 
the high socioeconomic level category, respectively.

For foods containing WG, participants aged 35–49 years 
and 50–69 years consumed 0.9 g/d (95% CI 0.1, 1.7) and 
3.3 g/d (95% CI 2.5, 4.1) more than those aged 15–19 years, 
respectively; women consumed 4.0 g/d (95% CI 3.5, 4.5) 
more than men; and participants at medium and low socio-
economic levels consumed 1.73 g/d (95% CI 2.6, 0.9) and 
2.9 g/d (95% CI 3.7, 2.0) less than those at high socio-
economic level, respectively. For foods containing  > 50% 
WG, the pattern was similar to the one observed for grain 
foods containing WG. Participants aged 35–49 years and 
50–65 years consumed more from this food group than par-
ticipants aged 15–19 years [0.8 g/d (95% CI 0.2, 1.5) and 
2.9 g/d (95% CI 2.2, 3.6), respectively], females consumed 
2.5 g/d (95% CI 2.1, 2.9) more than males, and participants 
categorized in the medium and low socioeconomic level 

consumed less grain foods containing  > 50% WG than those 
in the high socioeconomic level [1.7 g/d (95% CI 2.4, 1.0) 
and 2.2 g/d (95% CI 3.0, 1.5), respectively].

Generally, a similar scenario was seen across countries. 
However, differences were observed for total grain foods 
in Argentina and Chile, where women consumed more 
total grain foods than men [7.3 g/d (95% CI 2.4, 12.3) in 
Argentina and 7.3 g/d (95% CI 0.8, 13.7) in Chile]. Another 
difference was the higher consumption of grain foods by 
older participants when compared to those at younger ages 
in Colombia [10.4 g/d (95% CI 1.7, 19.2) for 50–65 years 
vs.15–19 years] and Costa Rica [25.3 g/d (95% CI 10.4, 
40.1) for 35–49 years vs. 15–19 years, and 35.2 g/d (95% CI 
19.1, 51.3) for 50–65 years vs. 15–19 years].

Foods contributing to energy intake from grain 
foods in Latin America

White rice (22.3%), French bread (9.2%), white flour (7.4%), 
spaghetti noodles (5.5%), and baguette (4.6%) were the main 
food items contributing to energy provided from grain foods 
in Latin American diet, accounting for approximately 50% of 
energy provided from these foods. The main contributors to 
foods containing WG and foods containing  > 50% WG were 
nearly the same and included the following foods: oatmeal 
(11.6%), masa harina (11.0%), whole-wheat bread (6.6%), 
corn chips (4.8%), and wheat crackers (4.1%). These food 
items accounted for approximately 40% of energy provided 
from these foods. Grain foods varied across countries, but 
the low number of participants consuming foods containing 
WG was consistent in all the studied countries (Table 1).

Discussion

In this multicenter cross-sectional study including eight 
Latin American countries compared using a standardized 
dietary database, the intake of total grain foods represented 
a substantial part of the population’s diet (mean intake of 
318 g/d or  > 10.5 servings, considering 30 g as a standard 
serving of a grain food product) [19]. However, the intake 
of grain foods containing WG was extremely low in all 
assessed countries. Less than 5% of total grain foods intake 
(14.7 g/d, < 0.5 serving) came from foods containing WG. 
Overall, participants at younger ages, males, and those at 
lower socioeconomic levels consumed more total grain 
foods, while an inverse pattern was seen for foods contain-
ing WG, which were more consumed by participants at older 
ages, females, and those at higher socioeconomic levels. Our 
findings indicate that public health actions to increase WG 
intake are urgently needed in Latin American countries.

Several grain foods stand for Latin American typi-
cal foods, mostly consumed in their refined version at the 

Fig. 2  Intake of grain foods in Latin American countries according to 
whole grain content based on the Latin American Study of Nutrition 
and Health (ELANS), 2015. A Mean intake (g/2000 kcal/d), B Pro-
portion foods containing whole grain and foods  > 50% whole grain 
to total grain foods. Black dashed line represents the recommended 
intake. Estimates obtained from linear regression models adjusted for 
age group, sex, socioeconomic level and study center (random effect)
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present time. Grains are the most recommended food group 
by Latin American food-based dietary guidelines, and are 
also included in the guidelines’ visual representations of 
many countries [5, 20]. Fried corn tortillas, burritos, and 
tacos, for example, are illustrated in the Chilean, Mexican, 
Paraguayan, and Uruguayan visual representations, while 
quinoa and amaranth were represented in the Bolivian Arco 
de la Alimentación [20–25]. Most guidelines encourage the 
consumption of grain foods in their WG form; however, WG 
recommendations remain predominantly qualitative, making 
it difficult for the population to be aware of the amount of 
WG needed to achieve health benefits [3, 26]. In addition, 
WG intake is the result of grains (e.g. oatmeal and quinoa) 
and grain-based products (e.g. whole wheat bread and whole 
wheat crackers), which contain a mix of different grains and 
other ingredients, and despite efforts made to establish a 
global consensus on the amount of WG a food must contain 
to be labeled as WG, this definition depends on each country 
legislation [19, 27].

Global intake of WG (defined as foods containing  ≥ 1.0 g 
of fiber per 10 g of carbohydrate) was estimated to be 
29 g/d in 2017 by the Global Burden Disease Study, 23% 
of the optimal level [1]. In 2011–2012, WG-food intake 
was 30 g/d among United States of America adults [28]. 
In Europe, the intake of WG, defined as an ingredient in 
WG-containing foods, ranged from 14.4 g/d in France to 
58 g/d in Sweden among adults, data collected in 2010 and 
2000, respectively [3, 29, 30]. Kissock et al. estimated the 
WG intake of Australian adults to be 32.6 g/d in 2011–2012 
by using the Healthgrain Forum WG food definition [31]. 
Our results indicate that the intake of foods containing WG 
in Latin American countries was approximately 15 g/d in 
2015. Notably, comparison of WG intake among countries is 
limited due to several reasons. First, the different periods in 
which the evaluations were carried out correspond to vary-
ing availability of WG food products to the studied popula-
tion [32]. Second, the methods used to assess food consump-
tion will possibly impact WG estimates, food frequency 

Fig. 3  Sociodemographic variables associated with grain foods intake 
in Latin American countries based on the Latin American Study of 
Nutrition and Health (ELANS). y years, SEL socioeconomic level, vs 
versus. Letters indicate: a ELANS (n = 9218), b Argentina (n = 1266), 
c Brazil (n = 2000), d Chile (n = 879), e Colombia (n = 1230), f Costa 

Rica (n = 798), g Ecuador (n = 800), h Peru (n = 1113), (i) Venezuela 
(n = 1132). Error bars represent 95% confidence interval. Estimates 
obtained from linear regression models with random intercept for 
study center
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questionnaires, for example, may not contain all the WG 
foods available to the population [32]. Third, in most coun-
tries food composition tables do not contain the WG con-
tent of food items, which difficult accurate estimates [3, 32]. 
Finally, the adopted WG definition impact intake estimates 
and varies across studies [3, 31, 32]. Despite the limitations 
and regardless of the definition used, it is possible to infer 
that the consumption of WG is below recommended levels 
in most countries, especially in the Latin America region.

One aspect required to improve WG intake in Latin 
America is to make WG foods more accessible. The intake 
of WG was previously related to dietary inequalities and 
evidence points to the higher price of these foods when com-
pared to equivalent refined options [28, 33–36]. Our findings 
corroborate with the previous literature, given that partici-
pants at lower socioeconomic level consumed less WG foods 
compared to those at higher socioeconomic levels (−3 g/d). 
However, this association was not significant in all studied 
countries possibly due to the small amounts of WG-contain-
ing foods consumed, and due to the food items contributing 
to WG intake. Masa harina, for example, can be considered 
a staple food in many Latin American countries and was 
the main contributor to WG intake in Colombia, where dif-
ferences between socioeconomic levels were not found. In 
this same country, prior study reported that participants in 
the highest socioeconomic level had the worst diet quality 
among Colombian children and adults, and WG was the 
category with the lowest contribution to Alternative Health 
Eating Index (AHEI) score in this population (0.4 points in 
2005 and 0.2 points in 2015 from 10 points total) [37].

Beyond WG, higher consumption of refined grain foods 
among lower socioeconomic levels deserves further atten-
tion. From 1999 to 2016, reduced intake of low-quality car-
bohydrate, characterized by refined grains, potato, starchy 
vegetables other than potatoes, added sugars, and 100% 
fruit juices, were greater among the highest level of income 
(− 3.9% of energy) when compared to the lowest income 
level (− 2.5% of energy) among United States of America 
adults [38]. Disparities were also seen among youth, whose 
intake of refined grains significantly increased among Mex-
ican American (from 6.2 to 6.6 servings/d) but remained 
stable among non-Hispanic white and non-Hispanic black 
in the same period of time [39]. In the present study, a differ-
ence of 24.8 g/d (~ 0.8 servings) was seen when participants 
in the lower socioeconomic level were compared to those in 
the higher socioeconomic level, reinforcing the key role of 
policies to improve Latin Americans diet quality, ensuring 
that low-income subgroups benefit from these actions.

Because individuals at younger ages and males usually 
present poorer diet quality, the lower intake of foods con-
taining WG by these population subgroups was expected 
and previously reported [33, 35, 40]. Although evidence 
points to some improvement along with ageing, starting 

the population to eat WG at younger ages seems to be an 
effective strategy for a lifelong dietary pattern that includes 
WG foods [41, 42]. Despite the observed differences, the 
intake of foods containing WG was very low among all stud-
ied countries, suggesting that even small increases in WG 
intake may promote substantial health benefits and probably 
reduce the burden of healthcare systems [3, 4]. Currently, 
Latin American countries face a challenging scenario, where 
economic crisis, including the stagnation of the reducing 
poverty and inequality trends, effects of climate change, food 
insecurity and the double burden of malnutrition coexist 
[43]. The inclusion of WG foods in already existing policies 
and the formulation of new actions aiming at increasing WG 
intake are required to move toward an adequate and sustain-
able diet in the region [44].

This study has several limitations. First, we were not 
able to quantify the WG content of foods in grams on a dry 
weight basis as previously recommended [16]. The main 
nutrient data source in this study was the USDA food com-
position table, and despite the corrections made to account 
for the nutrient content of foods consumed by the studied 
population, there is no information on WG content of these 
foods available in Latin American food composition tables 
[13]. Masa harina, for example, is considered whole grain 
by the USDA given the process of treating the whole corn 
with lime, which increases the bioavailability of B vitamins 
and resembles the whole corn flour nutrient content [45, 46]. 
This food item contributes to fiber intake in Latin American 
countries; however, the extent of processing losses related 
to parts of the grain was not locally evaluated [11]. In this 
sense, we opted to categorize grain foods as containing WG 
and containing  > 50% WG, so that a plausibility check could 
be performed based on the ingredient list on the food label. 
Therefore, estimations provided in this study are probably 
overestimated. To overcome this key limitation, efforts to 
develop a WG database for foods consumed in the region are 
needed. In Australia, for example, a food composition table 
including the WG content of foods was developed using a 
recipe-based method, with contribution from industry stake-
holders, product packaging, and ingredient list and it is now 
used to estimate WG intake in the country [31, 47]. Second, 
dietary intake data were based on self-reported 24 h recalls, 
and it is susceptible to random and systematic errors. Errors 
were minimized by collecting the second 24 h dietary recall, 
applying the National Cancer Institute method to estimate 
the usual intake, and further considering energy intake for 
estimates [17, 18]. In addition, 24 h recalls were collected 
by trained interviewers using standardized methods, such as 
the multiple pass method and a uniform procedure to detail 
reported food items [13, 14]. Third, food frequency ques-
tionnaires were not collected and the distinction between 
real WG consumers from non-consumers of WG foods was 
not possible [18]. Fourth, ELANS included participants 
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living in urban areas of each country, and although 80–90% 
of Latin American populations live in urban areas, find-
ings cannot be extrapolated to the entire country population 
[12]. In addition, ELANS did not include all Latin Ameri-
can countries and results may not be generalizable to other 
countries in the region [12]. Future surveys should comprise 
a great number of Latin American countries and include the 
rural population.

Strengths of the current study include the comprehensive 
analyses of the intake of total grains, foods containing WG, 
and foods containing  > 50% WG using a standardized die-
tary database [13]. Importantly, this investigation used data 
from eight Latin American countries, where the low intake 
of WG is among the leading dietary risk factors responsible 
for deaths and DALYs [1, 7]. We further advance by char-
acterizing sociodemographic characteristics associated with 
total grain and WG-containing foods intake, and investigated 
foods contributing to this consumption. Results provide evi-
dence for future sociodemographic-targeted and culturally 
specific interventions aiming to improve diet quality in the 
region.

The discussion of what constitutes a WG food is begin-
ning to emerge in Latin American countries and it will be 
a crucial step to improve WG intake levels in the region. In 
Brazil, for example, the proposed definition established that 
a product must contain at least 30% of WG ingredients, and 
a greater amount of WG than the refined grain ingredients. 
This legislation may enter into force soon [48]. However, 
in addition to WG content, it is recommended that the food 
item meet a locally accepted healthy nutrition criterion to be 
labeled as WG [19], and this is essential to improve popula-
tion’s nutrition by encouraging them to increase WG intake. 
Previous study in Brazil that evaluated breads, biscuits and 
toasts labeled as WG available in supermarkets, found that 
64.6% (from the 147 assessed products) did not present WG 
flour as the first ingredient, 53.7% presented excessive lev-
els of sodium, and 22.4 and 56.5% had excessive levels of 
total and saturated fat, respectively [49]. Likewise, after the 
exclusion of discretionary foods from WG estimations in the 
Australian National Nutrition and Physical Activity Survey, 
WG intake values decreased by approximately 1–5 g/d, espe-
cially among older children and adolescents [31]. Results 
from studies investigating how carbohydrate-rich foods meet 
nutrient profiling system and different ratios between carbo-
hydrate, fiber, and free sugar also endorsed the importance 
of evaluating the nutrient content of these foods, which com-
prise a great variety of products [50, 51]. We opted not to 
use a healthiness criterion to exclude grain foods containing 
WG in our analysis since the amount consumed was already 
too small, but it would be essential for labeling purposes 
to help consumers to make the best possible choices (i.e. 
healthier and higher WG content products).

Despite the different definitions used to characterize WG 
in studies, low WG intake is commonly observed among 
Latin American populations [7, 33, 37, 52], and optimal 
intake of WG was previously found in 2.4% of Latin Ameri-
can populations [53]. The intake of foods containing WG in 
ELANS was only 15 g/d, and slightly less for foods contain-
ing  > 50% WG (12 g/d). Costa Rica presented the highest 
consumption (~ 21 g/d) while Brazil had the lowest intake of 
foods containing WG (~ 11 g/d), but the amount consumed 
by all countries was far below recommended levels. At the 
same time, there was a high intake of total grain foods, and 
this gap between WG and total grains consumption may 
represent an opportunity for public health actions aiming at 
increasing WG intake in Latin American populations. Addi-
tionally, our results indicate that countries with the highest 
WG intake also had a greater variety of food items contain-
ing WG (Colombia and Costa Rica), suggesting it is also 
important to increase the availability of WG food options 
in Latin America.

Successful approaches to promoting whole grain con-
sumption are still scarce, but are increasing around the 
world [8, 42]. Initiatives from countries such as Denmark, 
Philippines, Singapore, and the United States were recently 
described and could be adapted to Latin American popu-
lations [42]. Particularly the campaign from Philippines, 
which encouraged consumers to switch from white to brown 
rice by means of social responsibility appeal and financial 
incentives for selling and purchasing brown rice [54]. This 
case is an important reference to Latin American countries 
given the focused efforts on rice, which was the major con-
tributor to energy intake provided from grain foods among 
the studied countries (more than 20% of total energy), and 
was among the top five contributors to grain foods in all 
participating countries. In addition to white rice, common 
food items contributing to total grain food intake included 
white flour, noodles, corn flour, different types of breads 
and some typical grain-based foods (Libritos o criollitos in 
Argentina and Hallulla in Chile). Each country had its own 
specificities, but common food items contributing to total 
grain consumption may represent a vehicle for increasing 
WG intake among Latin American populations.

In conclusion, the intake of grain foods represented a sub-
stantial part of the Latin American population’s diet, but 
the intake of grain foods containing WG was extremely low 
in all assessed countries. Generally, participants at younger 
ages, males, and those at lower socioeconomic level con-
sumed more total grain foods, while an inverse pattern was 
seen for foods containing WG, which were more consumed 
by participants at older ages, females, and those at higher 
socioeconomic levels. These findings provide support 
for subsequent interventions and policy actions aiming at 
increasing WG intake among Latin American populations.
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