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Abstract

Background

The Latin American (LA) region is still facing an ongoing epidemiological transition and

shows a complex public health scenario regarding non-communicable diseases (NCDs). A

healthy diet and consumption of specific food groups may decrease the risk of NCDs, how-

ever there is a lack of dietary intake data in LA countries.

Objective

Provide updated data on the dietary intake of key science-based selected food groups

related to NCDs risk in LA countries.

Design

ELANS (Latin American Study of Nutrition and Health) is a multicenter cross-sectional study

assessing food consumption from an urban sample between15 to 65 years old from 8 LA

countries (Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Peru, and Venezuela).
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Two 24-HR were obtained from 9,218 individuals. The daily intake of 10 food groups related

to NCDs risk (fruits; vegetables; legumes/beans; nuts and seeds; whole grains products;

fish and seafood; yogurt; red meat; processed meats; sugar-sweetened beverages (ready-

to-drink and homemade)) were assessed and compared to global recommendations.

Results

Only 7.2% of the overall sample reached WHO’s recommendation for fruits and vegetables

consumption (400 grams per day). Regarding the dietary patterns related to a reduced risk

of NCDs, among the overall sample legumes and fruits were the food groups with closer

intake to the recommendation, although much lower than expected (13.1% and 11.5%,

respectively). Less than 3.5% of the sample met the optimal consumption level of vegeta-

bles, nuts, whole grains, fish and yogurt. Largest country-dependent differences in average

daily consumption were found for legumes, nuts, fish, and yogurt. Mean consumption of

SSB showed large differences between countries.

Conclusion

Diet intake quality is deficient for nutrient-dense food groups, suggesting a higher risk for

NCDs in the urban LA region in upcoming decades. These data provide relevant and up-to-

date information to take urgent public health actions to improve consumption of critically

foods in order to prevent NCDs.

Introduction

The Latin American region shows one of the most complex public health scenarios of the

world regarding the increasing incidence of non-communicable diseases (NCDs) [1]. Thus,

urgent calls from the World Health Organization (WHO) and the Pan American Health Orga-

nization (PAHO) are focused on taking actions in Latin American countries to attenuate all

preventable risk factors, as well as morbidity and mortality due to obesity, type 2 diabetes, car-

diovascular diseases, and cancer [2].

One of the major scientific concerns is the role of diet and the potential association of some

specific dietary determinants with health and diseases [3]. Beyond specific nutrients, it is

important to identify foods and food groups that may promote health or increase the risk of

diet-related diseases. Food and food groups-based recommendations are the optimal approach

for dietary guidelines, being increasingly based on food patterns, rather than nutrient compo-

sition [4]. High intake of fruits, vegetables, fish (including seafood), whole grains and nuts in

association with low consumption of sugar-sweetened beverages (SSB) and red and processed

meat has been associated with decreased risk for NCDs, regardless of the country, ethnic back-

ground or culture [4–23].

Despite the widely agreed importance of having updated dietary intake data worldwide, in

Latin American countries there is still a lack of information. During recent years, global nutri-

tional information has been generated by the application of robust statistical methods and

models based on available data [7, 21, 23]. The Global Burden of Disease Study (GBD) [21, 23]

has evaluated the main risk factors, including dietary determinants, associated with deaths and

disability-adjusted life years since 1990 [21, 23]. Using national surveys and national food bal-

ance sheets, the Nutrition and Chronic Diseases Expert Group (NutriCoDE), as part of GBD,
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built a Global Dietary Database of Consumption to evaluate global data on food intake based

on information systematically collected using equivalent and standardized methods. Their

method included de-identified national data sets with the goal of generating "comparable esti-

mates of consumption of food around the world" [7]. In addition, NutriCoDE identified the

optimal consumption of 10 food groups (fruits, vegetables, legumes/beans, nuts/seeds, whole

grains, fish/seafood, yogurt, unprocessed red meats, processed meats and sugar-sweetened

beverages) associated with beneficial cardio-metabolic effects and reduced chronic diseases

risk [8].

Despite these efforts, the Latin American population is usually misrepresented in these

global food intake studies as a consequence of limited available datasets. In addition, Nutri-

CoDE described Latin America as one of the regions with greater statistical uncertainty due to

the low quality of the available data [7]. Furthermore, Latin American countries are facing lim-

ited national budgets, other health priorities (e.g., vaccination, infectious diseases, reproduc-

tive health, etc.) resulting in limited epidemiological surveys on environmental risk factors for

NCDs. Indeed, Latin America is still facing an ongoing epidemiological transition that leads to

the coexistence of two opposite nutrition-related issues: undernutrition together with over-

weight/obesity [24–30]. Thus, updating information on NCDs and their risk conditions

remains critical for taking evidence-based public health actions at the individual and commu-

nity levels within the countries of this region.

The Estudio Latinoamericano de Nutrición y Salud (ELANS, Latin American Study of

Nutrition and Health) provides an opportunity to fill some of these gaps. ELANS is a multicen-

ter cross-sectional nutrition, physical activity, and health survey with a nationally representa-

tive sample of urban populations from eight Latin American countries (Argentina, Brazil,

Chile, Colombia, Costa Rica, Ecuador, Peru, and Venezuela), developed using a rigorous pro-

tocol of standardization to harmonize a shared food composition database generating compa-

rable dietary intake data among Latin American countries with minimum random and

systematic errors [31, 32].

Thus, the aim of this study was to provide updated data on the dietary intake of key food

groups reported to be related to NCDs risk in Latin American countries, verify possible differ-

ences according to country, age, gender and sociodemographic factors, and to compare the

intake of these major food groups to the current recommendations.

Material and methods

Study sample

ELANS is a multicenter cross-sectional study that evaluated simultaneously household-based

individual food consumption, physical activity and sociodemographic characteristics among

eight Latin American countries, using a standardized methodology. Data were collected from

September 2014 to August 2015. Available sociodemographic information was considered to

obtain nationally representative samples of the urban populations from these Latin American

countries, where 80–90% of the population is living. The total sample was composed of 9,218

subjects from 15 to 65 years old (Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador,

Peru, and Venezuela) stratified by age, gender, socioeconomic level and geographical location

(Fig 1). It was a random complex multistage sample, stratified by geographical region, sex, age

and socioeconomic level (SEL), with a random selection of Primary Sampling Units (PSU) and

Secondary Sampling Units (SSU). For the selection of households within each SSU, households

were selected through systematic randomization. Selection of the respondent within a house-

hold was done using 50% of the sample next birthday, 50% last birthday, controlling quotas for

gender, age, and SEL. This complex multistage sample was established with a confidence level
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of 95% and a maximum error of 3.49%. Sample weighting was applied at each country level

accounting for key variables of interest (the geographical region, sex, age and SEL). No sample

weighting was applied after the eight countries’ database was unified due to the lack of official

data of the urban population distribution in Latin America. This single database was used for

all analysis presented in the current paper.

The ELANS protocol was approved by the Western Institutional Review Board (#2014

0605) and registered at Clinical Trials (#NCT02226627). It was also approved by a regional

Ethics committee in each country. All participants gave their informed consent/assent before

participation in the survey. More detailed information on this study design, protocol and

methodology was previously published [31].

Dietary intake

The standard study protocol to investigate dietary intake in all countries has been previously

reported [31, 32]. Briefly, the protocol included two 24-hour recalls (24-HR) using the Multi-

ple Pass Method [33] applied by trained interviewers face-to-face during two household visits

on non-consecutive days, with an interval of up to 8 days between them. The 24-h recalls

included both weekdays and weekend days, with a proportional distribution of days among

the sample, in order to capture the day-to-day variation intake. The households 24-h recalls

were supervised by trained nutritionists who were also responsible for converting the measures

obtained into grams and milliliters. Dietary data collection was thoroughly harmonized in

each country, considering the nutritional equivalency of local and traditional foods items to

Fig 1. Flow chart of study population. ELANS sample of the urban population.

https://doi.org/10.1371/journal.pone.0225101.g001
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USDA composition table foods available through the Nutrition Data System for Research pro-

gram (NDS-R, version 2013) database. Thus, a food matching standardized procedure was

conducted by professional nutritionists in each country in order to minimize errors and verify

quantities of key nutrients, the complete procedure for standardization of the food composi-

tion database which has been described in detail elsewhere [32]. Many regional and commer-

cial food and beverages not available in NDS-R database were broken down into ingredients

and entered into the software as user recipes. All food and beverages were computed in grams/

day.

The two 24-h recalls were used to estimate usual food consumption and to evaluate intra-

individual variability in nutrient intake. The web-based statistical modeling technique Multi-

ple Source Method (MSM) (https://msm.dife.de/), proposed by the European Prospective

Investigation into Cancer and Nutrition (EPIC), was used to estimate energy and nutrients

intake [34]. To minimize errors derived from the method, the estimation of usual intake was

conducted individually for each country, thus taking into account differences in eating habits

among the Latin American populations. In the present study, the dietary intake was analyzed

in terms of food groups, not nutrients. The daily intake of each food group for each participant

was estimated considering the mean consumption from both records.

Food grouping

A total of 2,278 different types of food and beverages were reported in both 24-HR. They were

grouped into ten categories as detailed shown in Table 1: fruits; vegetables; legumes/beans;

nuts and seeds; whole grains products; fish and seafood; yogurt; red meat; processed meats;

sugar-sweetened beverages (ready-to-drink and homemade) (See S1 Text).

The food/beverage group definitions were primarily based on the NDS-R software food

groups, which were based on the 1992 U.S. Department of Agriculture Food Guide Pyramid

[35]. Briefly, NDS-R codes foods using the grouping system developed at Tufts University for

Table 1. Composition of the ten food groups related to NCDs.

Food Groups Foods and beverages included

Fruits (excluded fruit juice) All kinds of fruits, excluding the ones used to prepare natural juice (e.g.:

mango, papaya, apples, pear, banana)

Vegetables Vegetables and green leaves (e.g.: tomato, kale, cucumber, okra, arugula,

cauliflower, broccoli, squash)

Legumes/Beans Beans, chicken peas, green peas

Nuts and Seeds Nuts (e.g.: almonds, Brazil nuts, cashew, peanuts, pecans, walnuts) and

Seeds (e.g.: pumpkin seeds, sunflower, flaxseeds, sesame seed, linseed,

quinoa)

Whole Grains products Cookies, crackers, bread, whole pasta, brown rice, whole flour, breakfast

cereal, oats

Fish and Seafood Fish (e.g.: tuna, white fish, salmon, canned fish (sardine)) and Seafood

(e.g.: clams, mussel, crab, snails, oyster, lobster, prawns, shrimp)

Yogurt High and low-fat yogurt

Red Meat Pork meat, beef, lamb

Processed Meats Hamburger, meatballs, sausage, bacon, ham, bologna, salami. Included

cold cuts.

Sugar-Sweetened Beverages (SSB):

SSB purchased ready-to-drink All kind of ready-to-drink beverage with added sugar (e.g.: powder juice,

nectar, sodas, energy drinks, teas, flavored water)

SSB homemade (or do not

purchased ready-to-drink)

All kind of homemade beverage with added sugar (e.g.: tea, coffee, milk,

mate, fruit juices)

https://doi.org/10.1371/journal.pone.0225101.t001
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application in the USDA database and NDS-R system. In its most extensive format, there are

457 different groups designed for flexibility in its use, including easy regrouping for specific

purposes (e.g., low fat vs. full fat versions, specific groups of vegetables, etc.). These groups

were condensed into a shorter list of ten food/beverage groups, in which foods and beverages

were combined according to nutritional similarities as well as their positive or negative effects

on health or diseases, mainly on cardiovascular diseases (CVD) and other mortality causes

based on scientific evidence provided by several meta-analyses [4–6, 8–20, 22, 36–45].

The optimal consumption level of the major food groups was based on 1. WHO’s recom-

mendations [46] (global reference) for fruits and vegetables and 2. The minimum daily

requirement evidenced by the literature (three meta-analyses and systematic reviews on food

groups consumption and NCDs [4, 5, 8]) to decrease the relative risk for CVD and/or mortal-

ity (defined in the "range of consumption required"). The chosen values for a range of optimal

consumption of the different food groups related to NCDs risk are shown in Table 2.

Description and evidence of chosen food groups are described in detail in the S1 Text.

Statistical analysis

Analyses were based on the consumption of grams of foods since the current recommenda-

tions are based on grams of food/food groups per day. As all participants provided two 24-HR,

the daily intake of each food group was estimated considering the mean consumption from

Table 2. Range of optimal consumption adopted for the major food groups.

Food Groups Quantity (grams or milliliters) observed in the scientific

literature—Cut-offs

Range of "optimal consumption"

adopted

Decrease Relative Risk
Fruits 400 g/day (+vegetables)a; 300 g/dayb; 250–300 g/day (10%)c;

200 g/day (15–20%)d
200–400 g/day

Vegetables 400 g/day (+fruits)a; 400 g/day (+legumes/beans)b; 300 g/day

(11%)c; 400 g/day (12%)d
300–400 g/day

Legumes/

Beans

100 g/dayb; 150 g/day (16%)c; 100 g/day (10%)d 100–150 g/day

Nuts and

Seeds

141.75 g/weekb; 15–20 g/day (17%)c; 10–15 g/day (21%)d 10–20 g/day

Whole Grainsa 125 g/dayb; 100 g/day (25%)c; 100 g/day (17%)d 100–125 g/day

Fish and

Seafood

350 g/weekb; 200 g/day (10%)c; 250 g/day (15%)d 200–250 g/day

Yogurt 610 g/weekb; 200 g/daye 200 g/day

Dose-dependent effect on Relative Risk
Red meat 100g/weekb; 0.5 serving/dayf; 100g/day (increase RR = 10–

20%)d
50–100 g/day

Increase Relative Risk
Processed

meats

0b; 200 g/day (60%)c; 70 g/day (15–25%)d N/A

SSB 0b; 250 mL/day (7%)c; 500 mL/day (16–35%)d N/A

Data are according to global reference and/or evidence related to NCDs. N/A: not applicable
a WHO Guidelines [46].
b Adapted from Micha et al [8].
c Adapted from Schwingshackl et al [4].
d Adapted from Bechthold et al [5].
e Adapted from Wu et al [10].
f Adapted from O’Connor et al [14].

https://doi.org/10.1371/journal.pone.0225101.t002
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both records. Analysis of food groups consumption was made by central tendency (mean and

standard deviation (SD)) and distribution statistics (percentiles) analyzed by country, gender,

age group, and SEL.

The prevalence of adequate intake based on global and WHO recommendations was calcu-

lated as the percentage of individuals with mean daily intake equal to or higher than the cur-

rent recommendation for each food group.

Additional analysis to identify the daily portion size of each food group was made for those

individuals who reported positive intake of these food groups in one or both 24-HR (identified

as ‘consumers’). Therefore, those food groups which were not consumed by the participant (in

one or both records) were not included in the analysis. In other words, intake equal “zero” was

considered as a missing value. Excluding the non-consumers avoided underestimating the real

portion size.

The Kruskal-Wallis test was used to compare the consumption of each key food group (in

grams) across the countries, considering both population- and individual-level intake. This

test was also performed to identify statistical differences between consumption and SEL (low,

middle and high) within each countryby using the Kruskal-Wallis test.

All analyses were performed using SPSS software (version 22.0; SPSS Inc, Chicago, IL,

USA). A p-value lower than 0.05 was considered as statistically significant.

Results

Mean intake (grams per day ± SD) of the major food groups stratified by country, gender and

age group is shown in Table 3 and by country and SEL in Fig 2. Mean consumption of fruits in

total ELANS population was 75.3 g/day (26.2 g/day in Venezuela—117.8 g/day in Peru). Fruit

consumption tended to be higher for women, and increase with age and SEL in most coun-

tries. Remarkably, older adults’ intake was higher than that of those who were adolescents (95

g/day vs 64.4 g/day) and fruit intake in many countries was significantly associated with high

SEL.

The mean consumption of vegetables in total ELANS population was 86.7 g/day (62.1 g/day

in Brazil—139.4 g/day in Ecuador). Vegetable intake tended to be higher in men and increased

with age and SEL in most countries. However, Ecuador, Peru, Venezuela and Chile did not

show a SEL-dependent trend in vegetable consumption.

Men reported higher intake of legumes than women, except for Venezuela where consump-

tion was practically equal between genders. At high SEL, legumes/beans consumption tended

to be lower in most countries, although only statistically significant different for Brazil. Con-

sumption of nuts was very low (1.6 g/day) for the overall sample even though Colombians con-

sumed 15-fold more nuts than Venezuelans (4.6 g/day vs 0.3 g/day, respectively). Regarding

fish intake, the difference was almost 5-fold when comparing intake in Argentina (6.5 g/day)

vs Peru (28.9 g/day) and Ecuador (30.3 g/day). Average whole grain intake in ELANS was 13.1

g/day with a less distinct difference between countries. The intake was higher at high SEL in

most countries, with the exception of Peru and Colombia. Yogurt intake also showed a signifi-

cant country-related difference (4.4 g/day in Costa Rica -20.9 g/day in Chile). This food group

also exhibited a higher intake at high SEL, except for Argentina and Venezuela.

Mean consumption of red meat for the ELANS sample was 61.3 g/day (79 g/day in Argen-

tina and Brazil—26 g/day in Peru). Red meat intake decreased with age and was higher among

men in most countries (with the exception of Chile, Peru, and Colombia). Processed meat

intake varied from 24.8 g/day in Chile to 6.2 g/day in Peru, and was higher among men in

almost all countries, except for Peru where the intake was equivalent between genders.
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Table 3. Comparison of dietary intake of the ten major food groups in individuals residing in urban areas of Latin America, according to the country of living, gen-

der and age.

Food Groups� Country N Mean g/day

(SD)

p�� Gender

Mean g/day (SD)

Age group

Mean g/day (SD)

Male Female 15–19.9 20–34.9 35–49.9 50–65.9

Fruits ELANS 9218 75.3 (25.2) <0.001 71.9 (123.3) 78.4 (126.8) 64.4 (123.6) 67.7 (117.0) 75.8 (129.9) 95.7 (131,6)

Argentina 1266 74.3 (111.5) 70.0 (116.9) 77.8 (106.7) 63.6 (111.1) 60.5 (99.5) 70.0 (101.3) 106.7

(133.7)

Brazil 2000 70.5 (112.9) 65.8 (111.3) 74.6 (114.1) 48.4 (96.8) 56.8 (103.0) 72.6 (100.6) 104.6

(143.7)

Chile 879 100.5 (122.1) 102.4

(127.5)

98.8 (116.9) 101.9

(116.1)

91.9 (106.1) 95.9 (122.8) 118.6

(144.2)

Peru 1113 117.8 (155.3) 116.0

(151.5)

119 (158.7) 103.3

(192.2)

123.5

(156.4)

111.8

(141.4)

125.8

(136.4)

Colombia 1230 67.9 (120.6) 63.6 (127.6) 72.1 (113.3) 62.8 (93.3) 65.2 (136.3) 71.1 (118.7) 71.0 (109.7)

Costa

Rica

798 68.6 (115.5) 65.8 (123.0) 71.3 (107.8) 48.9 (102.0) 63.6 (119.8) 72.2 (113.5) 88.8 (117.7)

Ecuador 800 89.6 (169.8) 82.9 (131.5) 96.3 (200.6) 81.5 (160.4) 77.4 (111.8) 95.2 (239.9) 116.9

(149.3)

Venezuela 1132 26.2 (73.7) 24.3 (76.9) 27.9 (70.5) 19.2 (45.3) 18.8 (52.2) 32.7 (101.1) 38.2 (80.3)

Vegetables ELANS 9218 86.7 (87.3) <0.001 90.5 (86.2) 83.1 (88.1) 76.4 (80.7) 83.3 (81.4) 90.9 (91.3) 93.5 (94.8)

Argentina 1266 83.1 (87.8) 79.3 (75.5) 86.2 (96.8) 71.3 (71.9) 78.4 (81.6) 85.4 (94.5) 93.5 (94.5)

Brazil 2000 62.1 (96.9) 60.7 (89.7) 63.3 (102.9) 47.7 (90.7) 51.4 (67.3) 70.6 (110.1) 77.0 (119.3)

Chile 879 116.0 (80.6) 114.8 (81.5) 117.2 (79.8) 96.3 (76.0) 115.6 (85.2) 122.7 (82.2) 120.0 (72.1)

Peru 1113 88.3 (57.0) 97.7 (60.0) 80.0 (52.9) 83.1 (56.5) 90.8 (58.9) 88.4 (56.2) 86.5 (54.2)

Colombia 1230 68.3 (71.9) 73.5 (73.5) 63.4 (70.0) 56.8 (65.0) 61.7 (67.0) 73.4 (68.6) 78.2 (83.1)

Costa

Rica

798 115 (109.8) 117.5 (99.9) 112.5

(118.8)

96.0 (88.9) 115.2

(120.3)

116.8

(100.0)

126.9

(115.8)

Ecuador 800 139.4 (90.1) 162.1 (97.7) 116.9 (75.6) 130.5 (94.5) 139.4 (82.7) 147.5 (99.9) 134.2 (84.9)

Venezuela 1132 72.4 (62.4) 75.4 (66.6) 69.5 (58.1) 61.0 (60.8) 72.5 (61.7) 74.0 (55.9) 78.2 (73.2)

Legumes/ Beans ELANS 9218 41.6 (65.3) <0.001 49.0 (74.2) 34.8 (55.1) 42.3 (64.6) 41.3 (62.1) 43.6 (72.7) 38.7 (60.5)

Argentina 1266 4.0 (19.4) 3.2 (17.9) 4.6 (20.5) 1.9 (9.3) 3.6 (20.0) 4.3 (18.5) 5.2 (23.0)

Brazil 2000 53.8 (48.4) 67.7 (54.4) 41.3 (38.2) 58.9 (48.8) 53.7 (47.6) 55.3 (52.4) 48.8 (42.7)

Chile 879 22.6 (47.3) 24.4 (51.5) 20.9 (42.9) 14.9 (30.3) 23.6 (53.5) 21.2 (45.4) 27.4 (47.3)

Peru 1113 30.1 (44.6) 34.9 (51.5) 25.9 (37.0) 33.5 (53.3) 28.9 (40.6) 31.5 (45.9) 28.1 (43.7)

Colombia 1230 47.8 (78.3) 50.1 (81.8) 45.7 (74.8) 44.4 (71.8) 46.5 (74.3) 53.8 (91.2) 45.0 (71.2)

Costa

Rica

798 100.9 (95.0) 131.0

(107.6)

71.6 (69.5) 101.5 (90.3) 103.7 (86.3) 104.0

(110.6)

90.5 (90.5)

Ecuador 800 60.7 (79.6) 64.3 (84.9) 57.1 (74.0) 56.8 (79.9) 63.7 (75.6) 59.0 (84.1) 59.8 (81.6)

Venezuela 1132 25.8 (61.2) 25.9 (66.4) 25.6 (55.9) 27.1 (56.8) 20.8 (46.5) 32.7 (82.0) 25.4 (55.3)

Nuts and Seeds ELANS 9218 1.6 (12.9) <0.001 1.7 (14.0) 1.5 (11.7) 1.2 (11.3) 1.6 (11.3) 1.9 (16.3) 1.5 (11.1)

Argentina 1266 0.8 (6.1) 0.8 (7.6) 0.8 (4.4) 1.2 (12.2) 1.0 (5.5) 0.4 (3.9) 0.7 (4.1)

Brazil 2000 0.9 (6.1) 0.9 (7.3) 0.8 (4.9) 0.2 (1.5) 0.8 (4.7) 0.9 (5.0) 1.6 (10.2)

Chile 879 0.6 (3.5) 0.6 (3.7) 0.7 (3.4) 0.4 (1.9) 1.0 (4.6) 0.3 (2.1) 0.7 (3.8)

Peru 1113 1.3 (14.6) 0.7 (4.7) 1.7 (19.6) 0.6 (3.1) 0.9 (5.0) 2.5 (27.4) 0.9 (4.4)

Colombia 1230 4.6 (24.7) 5.2 (28.0) 3.9 (21.0) 5.0 (28.1) 4.0 (22.9) 6.0 (27.1) 3.6 (22.6)

Costa

Rica

798 2.0 (10.7) 2.4 (13.2) 1.7 (7.6) 0.9 (5.9) 2.7 (13.4) 1.8 (10.7) 1.8 (7.3)

Ecuador 800 3.0 (18.8) 3.7 (23.2) 2.2 (13.2) 2.0 (7.8) 3.2 (17.0) 4.2 (27.6) 1.5 (10.2)

Venezuela 1132 0.3 (3.8) 0.1 (1.9) 0.4 (5.0) 0.0 (0.1) 0.4 (5.6) 0.3 (2.5) 0.1 (1.2)
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Table 3. (Continued)

Food Groups� Country N Mean g/day

(SD)

p�� Gender

Mean g/day (SD)

Age group

Mean g/day (SD)

Male Female 15–19.9 20–34.9 35–49.9 50–65.9

Whole Grains ELANS 9218 13.1 (31.3) <0.001 13.2 (35.9) 12.9 (26.4) 13.2 (31.2) 12.7 (30.5) 12.5 (30.8) 14.4 (33.4)

Argentina 1266 13.5 (32.1) 14.1 (38.8) 13.1 (25.3) 10.6 (34.5) 12.4 (27.2) 13.9 (36.3 16.4 (32.1)

Brazil 2000 13.6 (33.1) 13.9 (38.7) 13.3 (27.3) 16.8 (37.7) 13.6 (35.3) 12.9 (29.9) 12.8 (30.9)

Chile 879 10.6 (25.8) 9.7 (25.8) 11.5 (25.8) 15.8 (28.2) 10.9 (24.4) 8.3 (23.4) 10.1 (28.9)

Peru 1113 14.7 (27.8) 15.8 (33.1) 13.8 (22.0) 19.0 (42.0) 14.0 (27.0) 12.4 (19.9) 16.4 (24.2)

Colombia 1230 14.6 (38.5) 14.7 (43.6) 14.5 (32.9) 10.0 (21.5) 13.9 (34.7) 14.4 (35.5) 18.1 (51.4)

Costa

Rica

798 14.9 (28.6) 15.9 (33.4) 14.0 (22.9) 12.1 (23.8) 15.5 (29.6) 14.9 (31.4) 16.3 (25.7)

Ecuador 800 12.2 (36.9) 12.3 (42.9) 12.1 (29.9) 9.5 (26.5) 10.7 (37.0) 14.2 (45.1) 15.0 (29.9)

Venezuela 1132 9.5 (20.8) 8.4 (19.4) 10.5 (22.0) 9.6 (18.6) 10.0 (21.9) 8.6 (18.0) 9.6 (23.8)

Fish and Seafood ELANS 9218 18.3 (51.9) <0.001 19.9 (49.2) 16.9 (54.2) 15.5 (38.3) 18.0 (47.0) 20.0 (65.6) 18.3 (46.2)

Argentina 1266 6.5 (26.9) 7.3 (31.9) 5.9 (21.9) 5.6 (22.7) 4.6 (19.6) 8.6 (35.3) 7.4 (25.6)

Brazil 2000 20.1 (82.1) 19.4 (66.2) 20.7 (94.0) 12.7 (46.6) 19.6 (67.9) 22.2 (115.2) 22.0 (59.5)

Chile 879 12.4 (29.1) 11.2 (28.8) 13.4 (29.3) 12.5 (26.3) 11.7 (29.6) 13.6 (29.0) 11.7 (30.0)

Peru 1113 28.9 (51.4) 31.8 (56.8) 26.3 (46.0) 29.7 (52.3) 28.3 (52.9) 30.4 (47.1) 27.3 (53.9)

Colombia 1230 15.1 (38.2) 17.5 (42.5) 12.7 (33.3) 8.0 (25.6) 14.1 (38.3) 18.4 (38.7) 16.3 (42.1)

Costa

Rica

798 19.0 (35.1) 21.2 (35.9) 16.8 (34.2) 14.3 (28.2) 20.0 (34.1) 21.7 (39.7) 16.5 (34.7)

Ecuador 800 30.3 (46.6) 34.5 (48.3) 26.1 (44.5) 26.8 (40.7) 30.0 (47.1) 32.3 (46.3) 30.8 (51.2)

Venezuela 1132 17.2 (39.7) 20.3 (45.3) 14.2 (33.2) 15.5 (36.1) 16.8 (36.8) 16.3 (38.3) 20.9 (49.3)

Yogurt ELANS 9218 12.1 (46.5) <0.001 10.8 (47.2) 13.2 (45.8) 18.2 (62.9) 13.7 (48.9) 8.7 (36.8) 10.0 (40.8)

Argentina 1266 19.2 (67.1) 20.3 (79.8) 18.3 (54.4) 31.3 (114.4) 23.2 (72.8) 13.9 (46.3) 13.5 (41.7)

Brazil 2000 10.5 (44.3) 8.4 (39.2) 12.4 (48.3) 14.0 (46.7) 10.0 (39.5) 9.2 (46.5) 11.3 (47.8)

Chile 879 20.9 (50.5) 20.1 (50.4) 21.6 (50.6) 42.0 (70.6) 26.3 (57.8) 10.4 (32.4) 13.5 (36.7)

Peru 1113 15.0 (50.1) 13.4 (50.9) 16.5 (49.5) 22.1 (66.6) 16.4 (50.5) 8.3 (30.9) 15.8 (55.6)

Colombia 1230 10.1 (39.8) 7.8 (31.2) 12.3 (46.5) 15.0 (41.5) 12.2 (42.7) 7.5 (29.8) 7.5 (43.7)

Costa

Rica

798 4.4 (27.9) 3.2 (28.4) 5.6 (27.3) 3.6 (25.4) 5.8 (36.3) 3.8 (20.9) 3.4 (17.6)

Ecuador 800 11.6 (42.9) 12.4 (46.2) 10.9 (39.3) 17.1 (56.9) 13.4 (45.9) 9.3 (36.9) 6.0 (24.8)

Venezuela 1132 5.1 (29.7) 3.4 (27.6) 6.7 (31.4) 4.4 (30.3) 5.9 (35.6) 4.7 (23.8) 4.4 (21.7)

Red Meat ELANS 9218 61.3 (68.0) <0.001 73.7 (76.5) 50.0 (56.9) 61.5 (65.4) 64.4 (70.3) 61.2 (69.1) 55.7 (63.5)

Argentina 1266 79.1 (72.7) 93.1 (80.1) 67.4 (63.8) 80.5 (72.8) 80.4 (72.5) 79.5 (76.1) 75.7 (68.7)

Brazil 2000 79.0 (82.2) 99.8 (94.7) 60.5 (63.7) 82.3 (79.3) 83.9 (86.9) 78.2 (82.0) 69.6 (74.5)

Chile 879 45.7 (54.2) 57.5 (65.0) 34.7 (38.6) 37.8 (37.3) 49.9 (59.3) 49.9 (60.6) 38.6 (44.1)

Peru 1113 26.0 (39.1) 31.7 (43.4) 20.9 (34.2) 21.3 (33.9) 28.7 (41.8) 24.7 (38.9) 25.4 (36.9)

Colombia 1230 69.4 (65.8) 81.6 (71.5) 57.6 (57.4) 66.3 (60.6) 72.0 (66.7) 70.2 (63.7) 66.2 (69.1)

Costa

Rica

798 42.5 (51.9) 49.7 (58.2) 35.6 (43.9) 54.8 (66.3) 48.5 (53.4) 35.2 (45.9) 31.8 (39.4)

Ecuador 800 63.8 (66.0) 72.9 (66.7) 54.8 (64.0) 60.5 (56.8) 70.3 (70.6) 60.7 (65.5) 56.6 (62.9)

Venezuela 1132 59.7 (61.4) 70.1 (68.5) 49.7 (51.8) 73.4 (62.7) 61.6 (62.5) 58.4 (63.0) 46.7 (52.5)
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Table 3. (Continued)

Food Groups� Country N Mean g/day

(SD)

p�� Gender

Mean g/day (SD)

Age group

Mean g/day (SD)

Male Female 15–19.9 20–34.9 35–49.9 50–65.9

Processed Meat ELANS 9218 18.5 (34.1) <0.001 22.2 (39.5) 15.1 (27.9) 20.3 (31.4) 21.3 (38.1) 17.2 (33.1) 13.9 (28.3)

Argentina 1266 22.1 (35.3) 28.0 (41.5) 17.2 (28.3) 23.0 (33.1) 23.4 (34.9) 19.7 (33.7) 22.9 (38.9)

Brazil 2000 22.2 (40.3) 26.1 (45.0) 18.7 (35.3) 24.6 (35.6) 25.8 (43.2) 19.9 (41.9) 17.6 (34.1)

Chile 879 24.8 (43.9) 31.5 (54.0) 18.6 (30.5) 25.3 (34.4) 27.8 (56.8) 26.3 (38.9) 18.2 (29.7)

Peru 1113 6.2 (14.0) 6.2 (14.2) 6.1 (13.7) 7.1 (14.4) 5.8 (13.1) 7.9 (16.7) 3.5 (10.1)

Colombia 1230 18.2 (32.8) 22.2 (37.2) 14.2 (27.4) 26.5 (35.4) 22.0 (33.9) 16.9 (36.9) 9.8 (21.3)

Costa

Rica

798 20.8 (36.0) 26.2 (42.2) 15.5 (27.8) 23.0 (37.1) 27.3 (44.8) 17.1 (27.4) 11.5 (21.2)

Ecuador 800 12.1 (27.5) 14.0 (32.1) 10.3 (21.9) 10.3 (16.6) 17.3 (36.9) 9.9 (20.2) 5.3 (15.7)

Venezuela 1132 18.4 (25.6) 20.6 (28.6) 16.3 (22.2) 21.4 (29.2) 21.4 (28.0) 16.3 (21.7) 12.7 (21.3)

Sugar-Sweetened Beverages: ready-

to-drink

ELANS 9218 313.9 (415.2) <0.001 386.3

(474.0)

247.6

(339.4)

403.4

(455.6)

364.7

(444.6)

291.9

(399.6)

193.3

(309.4)

Argentina 1266 712.6 (670.4) 896.4

(766.0)

560.6

(534.3)

951.1

(670.7)

825.6

(723.9)

667.2

(645.5)

472.3

(520.7)

Brazil 2000 304.7 (342.7) 372.8

(381.4)

244.2

(291.3)

440.6

(388.9)

351.5

(352.3)

286.2

(338.5)

170.1

(241.0)

Chile 879 262.3 (322.3) 358.3

(377.5)

172.5

(226.2)

298.8

(311.2)

333.7

(389.9)

251.9

(291.0)

145.7

(194.0)

Peru 1113 196.8 (254.5) 250.8

(294.5)

148.9

(201.3)

212.0

(239.1)

206.5

(243.6)

202.0

(285.1)

152.6

(238.1)

Colombia 1230 189.1 (263.1) 232.7

(302.0)

147.2

(211.3)

294.0

(399.2)

218.5

(266.3)

173.7

(231.4)

111.4

(166.9)

Costa

Rica

798 291.4 (340.1) 351.0

(385.0)

233.4

(278.0)

405.0

(319.0)

366.0

(388.0)

239.6

(303.7)

129.9

(206.2)

Ecuador 800 192.8 (241.9) 255.0

(279.6)

131.6

(178.1)

216.2

(248.6)

242.2

(265.7)

151.9

(194.6)

122.0

(219.5)

Venezuela 1132 276.7 (359.6) 317.5

(392.3)

238.0

(320.9)

351.5

(411.2)

342.6

(385.6)

228.3

(325.5)

145.7

(241.0)

Sugar-Sweetened Beverages:

homemade

ELANS 9218 387.6 (418.0) <0.001 407.2

(437.2)

369.6

(398.7)

341.3

(334.1)

381.4

(401.6)

413.8

(457.4)

329.4

(436.1)

Argentina 1266 532.6 (637.8) 522.2

(627.1)

541.3

(646.8)

381.8

(353.3)

522.5

(554.2)

587.3

(753.1)

555.8

(696.8)

Brazil 2000 249.1 (244.7) 266.0

(273.3)

234.1

(215.0)

267.9

(275.9)

230.5

(233.7)

272.5

(240.5)

237.7

(248.4)

Chile 879 28.5 (64.3) 31.8 (72.7) 25.3 (55.1) 34.0 (72.3) 28.3 (66.4) 25.6 (50.9) 29.1 (71.0)

Peru 1113 756.4 (429.3) 835.9

(471.4)

685.9

(374.6)

708.2

(372.6)

766.7

(439.2)

762.7

(460.7)

763.5

(400.4)

Colombia 1230 319.4 (298.4) 330.7

(316.5)

308.4

(279.8)

280.4

(252.4)

304.6

(278.6)

322.8

(294.9)

356.4

(345.1)

Costa

Rica

798 426.7 (372.8) 476.9

(408.1)

377.8

(328.0)

287.7

(252.9)

392.1

(346.7)

540.8

(431.3)

437.7

(363.1)

Ecuador 800 541.8 (326.7) 564.0

(351.8)

520.0

(298.8)

514.8

(286.2)

551.0

(355.8)

568.3

(349.5)

502.1

(298.8)

Venezuela 1132 323.6 (300.0) 332.5

(312.2)

315.1

(287.8)

213.8

(209.7)

290.1

(293.9)

359.9

(308.6)

427.3

(319.3)

� Food Groups: food or beverages with demonstrated associations with cardiometabolic disease or any cause of mortality.

�� Kruskal Wallis test. Data obtained from the ELANS by the average of two non-consecutive 24-HR.

https://doi.org/10.1371/journal.pone.0225101.t003
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Mean consumption of homemade SSB for the total ELANS sample was 387.6 g/day. Peru-

vians consumed almost 27-fold more homemade SSB than Chileans (756.4g/day and 28.5 g/d,

respectively). The mean intake of ready-to-drink SSB was 313.9 g/day for the total ELANS

sample (189.1 g/day in Colombia-712.6 g/day in Argentina). For both forms of SSB, men con-

sumed more than women, with the exception of Argentina where intake by both genders were

similar (522.2 vs 541.3g/day, respectively).

Comparison of the average dietary intake of the fruits and vegetables with the global recom-

mendation (WHO) and minimum requirement evidenced by the literature to decrease the rel-

ative risk for NCDs are presented in Table 4.

When compared to the WHO’s recommendation for fruits and vegetables consumption

(400 grams per day), it was observed that only 7.2% of the overall sample reached this recom-

mendation, with the lowest proportion observed in Venezuela (2.1%). Regarding the dietary

patterns related to a reduce risk of NCDs, among the overall sample legumes and fruits were

the food groups whose intakes were closer to the recommendation, although much lower than

expected (13.1% and 11.5%, respectively). For other major food groups such as vegetables,

nuts, whole grains, fish and yogurt, only less than 3.5% of the sample met the optimal con-

sumption level (Table 4).

Overall, 53.3% of the ELANS sample consumed fruits, with the highest prevalence observed

in Chile (73.6%) and lowest percentage in Venezuela (24.5%) (Table 5). Interestingly, Peru was

the country with the highest intake of fruits (232.10 ±212.9 g/day) among consumers.

The prevalence of vegetable consumption was higher than fruits. A higher percentage of the

ELANS sample consumed vegetables (92.7%), ranging from 80.7% in Brazil to 100% in Costa

Rica.Legumes (or beans) were highly consumed in Costa Rica (87.8% of the sample) and Brazil

(87.3%). The consumption of nuts and seeds was very low among countries (8.4%). In the

overall sample, 36.3% consumed whole grains, with the highest percentage in Peru (56.0%).

Fig 2. Overall consumption of the major food groups by country and socioeconomic level. �Food Groups: food or beverages with demonstrated

associations with NCDs. Nationally representative data from the urban population, 15–65 years old, obtained from the ELANS by the average of

two non-consecutive 24-HR, �� SEL: socioeconomic level: H: High; M: Middle; L: Low. p values by Kruskal Wallis test: a low vs middle (p<0.05); b

low vs high (p<0.05); c middle vs high (p<0.05)–all adjusted for multiple testing (using the Bonferroni error correction). d No statistical

differences were found after comparisons between groups, adjusted for multiple testing.

https://doi.org/10.1371/journal.pone.0225101.g002

Table 4. Prevalence of optimal consumption of the ten major foods groups in individuals residing in urban areas of eight Latin American countries.

Food Groups Optimal consumption ELANS

n = 9218

(%)

Argentina

n = 1266

(%)

Brazil

n = 2000 (%)

Chile

n = 879

(%)

Peru

n = 1113 (%)

Colombia

n = 1230 (%)

Costa Rica

n = 798

(%)

Ecuador

n = 800

(%)

Venezuela

n = 1132 (%)

Global reference (WHO)

Fruits and Vegetables 400 g/daya 7.2 6.9 5.6 11.5 10.6 4.8 8.9 11.3 2.1

Minimum requirement evidenced by the literature to decrease the relative risk for NCDs

Fruits 200 g/dayh 11.5 11.2 9.9 16.2 19.4 10.8 11.9 13.8 2.5

Vegetables 300 g/dayi 2.4 2.5 2.2 3.0 0.5 1.4 4.9 5.8 1.0

Legumes/Beans 100 g/dayh,j 13.1 1.0 13.3 6.3 7.7 15.4 41.7 22.4 7.7

Nuts and Seeds 10 g/dayh 3.3 2.7 2.6 2.6 2.4 6.4 4.6 5.6 0.8

Whole Grains 100 g/dayh,i 2.4 2.2 3.5 2.5 1.8 3.3 1.9 2.6 0.6

Fish and Seafood 200 g/dayi 1.1 0.3 2.4 0.1 1.5 0.7 0.3 1.5 1.0

Yogurt 200 g/dayk 1.4 2.7 1.6 1.5 1.6 0.8 0.5 1.1 0.6

� Data obtained from the ELANS by the average of two non-consecutive 24-HR. According to the proposed global, national and evidence-based/literature reference cut

offs by a WHO Guidelines [46], and adapted from h Bechthold et al [5], i Schwingshackl et al [4], j Micha et al [8], k Wu et al [10].

https://doi.org/10.1371/journal.pone.0225101.t004
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Table 5. Comparison of dietary intake of the ten major foods groups (grams/day) in individuals residing in urban areas of Latin America, according to the country

of living. Data corresponds to consumers� only.

Food Groups Country n % Mean g/day

(SD)

p�� Percentiles of intake (g/day)

5 10 25 50 75 90 95

Fruits ELANS 4915 53.3 204.3 (197.9) <0.001 38.5 49.0 90.0 150.0 260.0 402.2 521.0

Argentina 650 51.3 213.7 (163.2) 60.4 85.0 110.5 157.2 261.7 404.6 502.8

Brazil 1119 56.0 180.0 (176.4) 26.0 40.0 80.0 135.0 225.0 366.6 510.0

Chile 647 73.6 186.3 (167.8) 45.0 45.0 88.0 135.0 230.0 363.0 489.0

Peru 784 70.4 232.1 (212.9) 44.0 66.0 92.0 172.0 288.0 458.5 594.0

Colombia 592 48.1 215.7 (221.5) 39.6 60.0 100.0 157.9 270.0 412.0 520.0

Costa Rica 394 49.4 205.4 (192.8) 23.6 42.0 82.0 143.0 282.0 429.0 534.0

Ecuador 452 56.5 228.0 (269.7) 45.0 74.1 107.0 158.4 272.0 417.5 550.6

Venezuela 277 24.5 178.5 (171.3) 20.0 34.7 81.4 137.5 215.5 345.0 450.0

Vegetables ELANS 8541 92.7 108.1 (115.8) <0.001 9.0 16.0 35.5 76.4 140.0 238.3 310.0

Argentina 1176 92.9 109.0 (127.5) 12.0 20.0 40.0 74.0 135.0 229.7 317.0

Brazil 1614 80.7 98.4 (140.1) 3.3 8.5 26.8 60.0 119.0 217.0 308.6

Chile 839 95.5 138.6 (100.8) 24.6 37.0 61.3 120.0 185.0 273.1 340.0

Peru 1111 99.8 92.2 (75.9) 7.8 15.1 37.1 72.8 127.5 197.0 241.7

Colombia 1120 91.1 94.8 (104.4) 7.6 10.0 25.9 59.6 121.5 231.7 310.0

Costa Rica 798 100.0 118.8 (144.0) 11.8 18.6 37.5 79.1 148.6 259.8 371.4

Ecuador 799 99.9 144.9 (115.6) 13.3 22.8 59.3 120.5 200.9 303.7 369.9

Venezuela 1084 95.8 87.9 (82.6) 10.6 16.9 29.6 65.4 117.6 188.8 245.5

Legumes/Beans ELANS 5533 60.0 95.7 (103.0) <0.001 7.1 12.0 32.0 64.0 120.0 208.7 286.9

Argentina 164 13.0 58.1 (88.6) 1.5 4.3 16.0 32.0 62.0 115.5 223.2

Brazil 1745 87.3 74.4 (58.1) 19.7 32.0 36.1 54.0 89.2 136.0 172.0

Chile 397 45.2 81.9 (105.2) 5.0 5.0 13.0 50.0 116.1 175.0 277.2

Peru 844 75.8 56.7 (70.8) 4.0 5.3 9.2 23.1 83.3 159.0 191.1

Colombia 710 57.7 132.8 (148.8) 11.8 19.2 40.0 85.1 165.0 317.0 400.0

Costa Rica 701 87.8 140.7 (113.3) 17.0 30.0 67.0 114.4 187.2 284.0 349.1

Ecuador 594 74.3 118.9 (124.5) 11.2 13.0 28.8 80.0 179.7 275.0 359.4

Venezuela 378 33.4 137.6 (132.0) 10.8 15.0 50.5 119.0 158.2 297.5 395.1

Nuts and Seeds ELANS 771 8.4 35.0 (76.0) <0.001 1.0 1.6 3.6 10.0 30.0 87.7 127.6

Argentina 55 4.3 35.0 (44.7) 3.0 3.6 10.0 22.5 49.0 62.0 100.0

Brazil 127 6.4 25.3 (39.1) 1.5 2.4 5.5 12.0 28.3 59.5 101.4

Chile 51 5.8 19.3 (18.4) 1.6 3.1 7.0 13.5 30.0 45.0 76.2

Peru 167 15.0 15.9 (71.0) 0.6 1.0 2.0 3.7 11.7 30.0 48.0

Colombia 128 10.4 80.9 (124.5) 2.8 4.2 8.5 30.0 113.5 254.8 430.8

Costa Rica 68 8.5 43.3 (55.0) 2.0 3.0 7.0 20.0 68.0 109.6 131.0

Ecuador 154 19.3 28.5 (68.9) 0.6 1.2 2.3 5.0 20.0 50.0 140.0

Venezuela 21 1.9 26.9 (49.2) 1.6 2.3 5.0 12.0 30.0 45.2 67.8

Whole Grains ELANS 3345 36.3 56.1 (65.7) <0.001 9.0 12.0 20.0 37.0 67.1 116.1 168.0

Argentina 395 31.2 69.7 (66.5) 12.0 16.0 30.0 57.2 86.1 144.5 164.5

Brazil 704 35.2 59.1 (68.1) 10.0 15.0 20.0 38.7 65.0 125.0 200.0

Chile 245 27.9 59.6 (53.5) 7.6 12.0 20.0 40.0 80.0 140.0 174.5

Peru 623 56.0 38.5 (50.3) 7.8 10.9 14.6 22.2 44.9 81.2 109.8

Colombia 433 35.2 68.1 (83.2) 7.0 12.0 23.5 42.6 77.1 150.0 230.0

Costa Rica 327 41.0 56.3 (55.1) 7.8 14.0 24.6 42.0 70.0 107.0 150.0

Ecuador 250 31.3 62.7 (96.5) 7.5 10.0 15.0 40.0 62.5 130.0 250.0

Venezuela 368 32.5 47.5 (40.2) 9.0 10.8 18.0 36.0 56.7 100.0 132.5

(Continued)
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Table 5. (Continued)

Food Groups Country n % Mean g/day

(SD)

p�� Percentiles of intake (g/day)

5 10 25 50 75 90 95

Fish and Seafood ELANS 2427 26.3 121.2 (143.5) <0.001 11.6 21.5 49.0 90.2 158.0 240.0 320.0

Argentina 131 10.4 119.1 (111.5) 18.9 20.7 40.5 98.0 146.7 260.0 330.0

Brazil 369 18.5 201.9 (302.2) 8.2 17.3 68.8 150.0 240.0 400.0 500.0

Chile 197 22.4 101.0 (63.3) 20.0 36.7 60.0 90.0 126.0 163.0 240.0

Peru 453 40.7 120.0 (90.3) 19.6 27.4 57.6 87.0 167.6 242.3 300.0

Colombia 255 20.7 131.9 (96.9) 28.0 32.8 60.0 110.0 176.0 270.0 325.6

Costa Rica 343 43.0 75.1 (74.1) 6.2 7.2 15.0 50.0 110.9 160.0 206.0

Ecuador 402 50.3 95.1 (73.5) 26.0 30.0 41.0 80.8 130.0 178.8 220.4

Venezuela 277 24.5 128.2 (93.1) 25.7 30.0 61.0 114.4 184.8 225.0 290.0

Yogurt ELANS 888 9.6 214.1 (134.4) <0.001 90.0 100.0 129.4 190.0 250.0 383.2 466.0

Argentina 159 12.6 258.4 (168.3) 93.2 125.0 170.0 200.0 310.7 466.0 579.9

Brazil 165 8.3 215.8 (128.7) 90.0 100.0 103.6 200.0 225.0 400.0 517.8

Chile 172 19.6 167.8 (88.3) 120.0 124.3 125.0 129.4 181.2 258.9 375.0

Peru 132 11.9 227.3 (150.1) 74.0 100.0 130.0 196.0 289.0 366.0 500.0

Colombia 102 8.3 217.6 (101.8) 93.2 103.6 155.3 206.1 212.3 331.4 410.0

Costa Rica 31 3.9 208.7 (158.7) 85.0 100.0 125.0 178.0 229.0 300.0 403.0

Ecuador 72 9.0 221.4 (109.0) 103.6 124.3 155.3 207.1 248.5 310.7 310.7

Venezuela 55 4.9 191.9 (153.8) 15.0 15.0 125.0 155.3 258.9 414.2 507.4

Red Meat ELANS 6740 73.1 118.2 (91.6) <0.001 19.0 29.5 56.0 100.0 155.9 235.9 299.1

Argentina 1042 82.3 129.7 (95.2) 20.0 33.1 63.0 110.0 172.2 247.8 303.0

Brazil 1535 76.8 141.7 (109.4) 20.0 35.0 70.0 105.4 186.0 300.0 350.0

Chile 629 71.6 95.1 (80.4) 21.0 28.5 42.8 80.0 100.0 192.0 250.0

Peru 561 50.4 78.7 (60.6) 14.7 19.0 37.0 60.0 100.7 153.5 196.6

Colombia 982 79.8 117.7 (82.3) 24.1 37.5 60.0 101.8 155.9 230.0 259.9

Costa Rica 570 71.4 86.4 (77.5) 12.5 17.6 31.5 63.0 117.0 180.0 240.0

Ecuador 599 74.9 122.0 (83.9) 26.3 32.9 70.2 100.0 160.0 240.0 299.1

Venezuela 822 72.6 118.7 (79.7) 20.0 35.0 60.0 115.0 156.0 201.6 260.0

Processed Meats ELANS 4560 49.5 58.8 (63.9) <0.001 4.9 9.8 20.0 40.0 75.0 125.0 180.0

Argentina 644 50.9 69.8 (63.4) 8.5 13.3 25.0 50.0 95.0 150.0 200.0

Brazil 985 49.3 70.7 (76.6) 9.8 15.0 20.0 46.3 90.0 160.0 226.0

Chile 516 58.7 62.0 (68.8) 10.0 15.0 20.5 40.0 80.0 135.0 188.0

Peru 304 27.3 40.9 (33.3) 8.0 9.0 16.0 32.0 61.0 83.0 109.0

Colombia 677 55.0 53.0 (61.3) 3.7 5.2 11.8 34.4 69.4 118.0 160.0

Costa Rica 468 58.7 53.8 (67.4) 4.0 6.2 13.6 30.0 68.0 122.0 164.0

Ecuador 273 34.1 61.4 (66.2) 15.0 15.0 30.0 50.0 65.0 120.0 180.0

Venezuela 693 61.2 45.0 (39.7) 1.4 1.8 25.0 33.0 51.4 95.6 119.0

Sugar-Sweetened Beverages: ready-to-drink ELANS 6386 69.3 596.4 (524.6) <0.001 138.0 200.2 281.0 450.0 739.1 1196.5 1557.2

Argentina 1060 83.7 977.9 (764.2) 200.5 285.5 450.9 794.2 1260.7 1920.5 2385.4

Brazil 1431 71.6 558.1 (405.7) 187.5 207.6 300.0 421.7 700.0 1038.1 1349.6

Chile 606 68.9 500.2 (385.9) 140.1 207.6 259.5 364.5 624.9 947.7 1245.7

Peru 685 61.6 456.3 (323.8) 131.5 168.5 225.5 409.5 504.0 930.0 1122.5

Colombia 759 61.7 443.8 (394.1) 94.3 155.7 220.7 353.7 600.6 811.3 1029.8

Costa Rica 580 72.7 523.2 (436.0) 82.7 154.3 250.0 380.0 664.0 1065.0 1347.4

Ecuador 510 63.8 433.3 (306.4) 77.9 155.7 293.0 312.5 589.1 778.6 961.6

Venezuela 755 66.7 547.2 (466.7) 30.1 222.2 311.4 419.3 623.9 1038.1 1308.0

(Continued)
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Just 26.3% of the ELANS population consumed fish and/or seafood, highlighting Ecuador,

where half of the sample consumed fish (50%) versus 10.4% of Argentina’s sample. Yogurt

consumption was low among ELANS countries (9.6%), and Chile was the country with the

highest prevalence of consumption (almost 20%).

Red meat consumption was highly prevalent among all countries (73.1%), with a higher

consumption in Argentina (82.3% of the sample) followed by Brazil (76.8%).

SSB analyses considered the sub-groups ready-to-drink and homemade SSB. Around 70%

of ELANS population consumed ready-to-drink SSB, and Argentina had the highest preva-

lence of consumption (83.7%). Around 83% of the ELANS population and almost the entire

sample of Ecuador and Peru (97%) consumed homemade SSB.

Discussion

In this first Latin American study, the consumption of major food groups negatively or posi-

tively associated with NCDs was assessed and compared with current international intake rec-

ommendations. Overall, mean intakes of healthy food groups such as fruits, vegetables, nuts/

seeds, whole grains, fish and yogurt were markedly below current recommendations or opti-

mal intakes and had a SEL-dependent trend in consumption. Our results also demonstrated

that among consumers, the most frequently consumed foods with positive or negative associa-

tion with NCDs were vegetables (93%) and red meats (73%), respectively.

Foods with protective associations against clinical disease outcomes

Fruits and vegetables. Fruits and vegetables are widely available within Latin America.

This world region has ample crops with variety and richness in nutrients. Under these condi-

tions, we expected a higher intake of fruits and vegetables among the countries participating in

the ELANS. Only 7.2% of the participants met the WHO intake recommendation for fruits

and vegetables (400 g/day [46]), with wide differences between countries and SEL. Ecuador,

Chile, and Peru showed a higher intake of fruits while only 2.4% of the Venezuelan sample

attained this cut-off. Consumption levels are significantly lower than those observed in North

America where 13% and 24% of US citizens meet vegetables and fruits intake recommenda-

tions, respectively [47].

Table 5. (Continued)

Food Groups Country n % Mean g/day

(SD)

p�� Percentiles of intake (g/day)

5 10 25 50 75 90 95

Sugar-Sweetened Beverages: homemade ELANS 7650 83.0 533.6 (479.2) <0.001 24.8 64.0 225.0 408.9 729.3 1084.6 1406.2

Argentina 948 74.9 817.8 (729.5) 204.2 230.2 315.3 593.0 1036.9 1611.3 2101.8

Brazil 1564 78.2 368.3 (287.1) 48.0 83.1 196.2 302.7 494.9 722.0 915.7

Chile 540 61.4 54.7 (112.1) 6.0 8.0 12.4 24.0 36.0 98.0 275.8

Peru 1079 97.0 826.2 (487.6) 262.0 296.3 500.0 752.6 1041.6 1424.5 1682.4

Colombia 1089 88.5 427.7 (369.1) 20.0 43.0 180.5 339.7 584.4 876.1 1145.8

Costa Rica 663 83.1 591.7 (401.7) 180.0 227.0 292.0 509.0 777.0 1076.0 1338.0

Ecuador 776 97.0 617.9 (384.5) 194.1 251.4 313.2 554.9 807.9 1099.5 1353.3

Venezuela 991 87.5 433.0 (338.0) 81.3 114.9 195.0 378.6 567.9 818.1 1094.7

� Consumers were considered those individuals reporting positive intakes in one or two 24-HR

�� Kruskal Wallis test. Data obtained from the ELANS, considering the consumption in at least one 24-HR.

https://doi.org/10.1371/journal.pone.0225101.t005
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Even among those who consume fruits and vegetables, the mean intake remained below

existing recommendations. A trend on increasing intake with age was observed for fruits and

vegetables in almost all countries: older people consumed 50% more fruits than younger ones

(95.7 vs 64.4 g/day) and 23% more vegetables. These findings are consistent with previous

reports. A study with a Spanish population [48] showed lower fruits and vegetables intake

from children to young adults and then it increased to subjects 75 year old. In Germany, fruits

intake increased in both men and women up to the age of 60–69 years [49].

In contrast to previous national surveys, we did not find clear differences in fruits and vege-

tables consumption by gender.

The association between SEL and fruits and vegetables consumption has been previously

evaluated. For example, the Canadians aged 12 and older who consumed fruits and vegetables

at least five times daily was highest in the highest income quintile [50]. The proportion of men

and women in Germany who consume at least three portions every day also increases with

SEL [49]. Furthermore, women of higher economic status ate significantly more fruits

(P<0.05) and more fruits and vegetables combined (P<0.05) [51]. In addition, higher fruits

and vegetables intake scores were also observed in neighborhoods with a higher density of

healthy food outlets and higher income [52]. These studies support our findings showing that

both fruits and vegetables are consumed in greater amounts by people from high compared to

low SEL in Latin American countries participating in ELANS except for Ecuador, where vege-

tables distribution consumption seems to be more homogeneous regardless of the socioeco-

nomic level.

It is important to highlight the overall distribution of this representative sample of 8 Latin

American countries, in which 52% (n = 4796) of the population are from the low SEL group.

UK researchers who had studied the relationship between quintiles of economic distribution

and access to fruits and vegetables have identified some strong determinants showing that

individuals in the lowest quartile of food expenditure, low income and low education con-

sumed less fruit and vegetables, a result which indicates that the association between the costs

of purchasing foods and fruits and vegetable intake was stronger for less educated and lower

income groups. In other words, socioeconomic differences in fruits and vegetables intake were

heightened among individuals who consumed low-cost diets [53]. Such socioeconomic

inequalities in food consumption among those consuming low-cost diets indicate the need to

address food costs when designing strategies to promote healthy diets.

In Venezuela, the ongoing economic crisis may have affected the diet and limited access to

many nutritious foods including fruits and vegetables. A better understanding of additional

barriers at national levels may allow the implementation of public policies to increase fruits

and vegetables consumption.

Nuts and seeds. Only 8.4% of our study population reported any consumption of nuts

and/or seeds. While the highest percentage of this food group intake was found in Ecuador.

Comparisons with other world regions are limited due to methodological differences in data

collection. Most studies analyze nuts and seeds consumption based on a weekly frequency,

with very few studies—including ELANS—reporting consumption exclusively by 24-HR. For

instance, New Zealanders reported an average intake of nuts of 5.2 g/day and 35.0 g/day of

nuts and seeds [54]. The US National Health and Nutrition Examination Survey has reported

that almost 40% of adults consumed nuts on a given day with a higher prevalence of intake in

non-Hispanic whites (43.6%) compared to non-Hispanic blacks (23.7%) [55].

As for other healthy food groups, it is difficult to assess the relationship between healthy

nuts intake and affordability. Nuts are a high-cost item of a healthy dietary pattern (exempting

peanuts) [56]. Thus, all countries surveyed in ELANS–except for Colombia and Ecuador–
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showed higher consumption at higher SEL but it must be considered that a small proportion

of the population reported nuts and seeds consumption.

With respect to the attainment of current intake recommendations, only 3% of the Latin

American population recruited in this study exceeded the consumption of 10 g/day, a cut-off

point associated with the prevention of cardiovascular diseases.

Yogurt. While the positive relationship between overall dairy products consumption and

CVD and metabolic syndrome remains controversial, yogurt consumption seems to exhibit

more consistent beneficial effects on human health [57]. Indeed, observational studies and ran-

domized trials have associated yogurt consumption with a reduced risk of weight gain and

obesity as well as CVD [58]. However, there is no consensus on its recommended intake.

Prevalence of yogurt consumption in Latin America was only 9.3%. Yogurt consumption is

determined by culture, availability as well as food budget. As is the case in European countries

with habitual yogurt consumption [59], Argentina and Chile, the most southern Latin Ameri-

can countries are the leaders of yogurt intake within the region. In addition, the younger age

group was more likely to consume yogurt than older subjects and its consumption is more

prevalent within the high socioeconomic level in almost all Latin American countries. In

Argentina, yogurt intake is also associated with the consumption of milk and other dairy prod-

ucts and directly correlates with calcium intake [60].

Whole grains and legumes. Whole grains are the main dietary source of fibers and their

consumption is associated with lower incidence of many chronic diseases (such as colon can-

cer, type 2 diabetes, and others) [9, 40, 61]. For example, 3 servings of whole grains per day (45

g/day) were associated with 20% lower risk of type 2 diabetes compared to consuming half a

serving (7.5 g/day) [62].

In ELANS, the average whole grain intake was 13.5 g/day for consumers, with minimal dif-

ferences between countries, but a clear higher consumption in high versus low SEL. Other

countries report similar consumption, including 14.4 g/day in French adults [63]. In our

study, only one-third of men and women consumed whole grain, similar to the French study

with a third of the respondents reporting consuming whole grain [63]. Other countries with

more developed whole grain intake culture, such as England, have reported a mean intake of

26.2 g/day[64].

Legumes are also a good source of fibers and micronutrients [65] and wider differences

were seen between countries. Remarkably, 41% of the Costa Rican sample consumed 100 g/

day or more, a cut-off value associated with positive health outcomes, in comparison with only

1% in Argentina. The highest consumption was observed in Central American countries and

Brazil. Typical dishes in those countries include legumes and are part of the daily breakfast,

while in southern countries typical breakfast is more European-based style.

It is interesting to note that, in contrast to other healthy food groups, high legumes intake

was associated with lower SEL. Both culture and affordability of this food group seemed to

explain this behavior. In contrast, in Ecuador and Costa Rica where legumes are consumed by

a vast majority of the population, this food group intake was not different among the SEL

groups.

Fish and seafood. The Latin American region is surrounded by sea and all eight ELANS

countries have access to coastlines and sea products. Despite this geographic advantage, fish

and seafood consumption is uneven with wide country variations: Ecuador and Peru reported

intakes of 30 g/day, while mean consumption in Argentina was 6.5 g/day. European countries

have reported higher fish and seafood intakes of 26.9 g/day for men across the European coun-

tries, with 68.7 g/day reported for Spanish men, and 73.2 g/day for Norwegian women [66].

Only one-fourth of the ELANS population declared to be fish consumers. Subjects from

Ecuador, Peru and Costa Rica were the highest consumers (50, 40 and 42%, respectively).
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Mean daily intake by people who ate fish and seafood was 121 g/day. No differences by gender

or age groups were found for the intake of this food group in ELANS.

A smaller percentage of individuals from lower income–compared to higher-income–

households as well as disadvantaged socio-economic indicators in education and occupation

reported consuming seafood, fish or shellfish [67]. Interestingly, some Latin American coun-

tries, such as Peru, Ecuador, and Venezuela, seemed to exhibit an inverse association between

sea products intake and SEL, whereas consumption of this food group is favored by higher

SEL, in Argentina, Colombia and Costa Rica.

With regards to the current recommendations for seafood [4], only 1.1% of the ELANS

population reported consuming equal or above 200 grams/day proposed as associated with

beneficial effects on cardiometabolic outcomes.

Foods with negative association with health outcomes

Sugar-sweetened beverages (SSB). Sugar-sweetened beverages, including homemade

beverages prepared with added sugars such as coffee, tea, mate, and juices, are consumed

worldwide. The negative effects of SSB intake on human health involve obesity, metabolic syn-

drome, diabetes mellitus, cardiovascular diseases, and cancers [68].

In this study, SSB were analyzed divided into two groups: ready-to-drink products includ-

ing soft drinks, artificial juices and other natural juices with added sugars; and homemade

drinks, including various juices and infusions and other homemade beverages enriched with

added sugars. Analyzing the overall ELANS sample, we found a high percentage of SSB con-

sumption: 69.3% reported consumption of ready-to-drink SSB and 82.9% of homemade SSB

with significant differences by country, age, gender and SEL. Mean intake consumption was

314 and 388 g/day for ready-to-drink and homemade SSB, respectively. Argentina and Peru

were the leading consumers of SSB (ready-to-drink + homemade) with a mean intake of 1,245

and 953 g/day, respectively, followed by Ecuador, Costa Rica and Venezuela. These findings

indicate much higher proportion of SSB intake(SSBs�1 time/day) in LA than other world

regions [69].

In the current study it was observed a decrease of ready-to-drink SSB consumption in Latin

America over the life course: adults and older adults consumed less ready-to-drink SSB than

younger age groups in all ELANS countries. Regarding homemade beverages, this age-related

pattern was not consistent within the study sample, including some countries such as Argen-

tina, Venezuela and Costa Rica, where intake of the SSB beverages consistently increases with

age. With minimal differences found by country, the whole ELANS sample exhibited similar

intake of both ready-to-drink and homemade SSB by SEL.

This regional pattern of SSB consumption may be related to economic and cultural tradi-

tions as well as food Westernization in Latin America. Sugar is a major commodity of the

region and it is the main component of many local traditional dishes, liquid foods, and bever-

ages, many of them inherited from the indigenous culture before colonization [70, 71]. West-

ernization of foods habits was associated with the increased availability of sugar-enriched

foods and beverages. Thus, we hypothesize that this high consumption of SSB observed in the

Latin America region developed from historical habits of local and traditional homemade SSB

that have remained alive together with the rapid incorporation of processed foods and drinks.

However, it has been observed that the contribution of homemade SSB to the total SSB varied

between countries, ranging from 79% in Peru to 43% in Argentina (Homemade SSB/Total SSB

x100%). Interestingly, Mexico is one of the Latin America countries in which SSB consump-

tion has become a public health concern [72].
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Our findings substantiate an urgent need for further understanding of main foods and bev-

erages sources of total sugar intake within the region as well as to create public health strategies

to diminish SSB consumption considering the ongoing epidemics of NCD in Latin America

[73]. For instance, some studies have demonstrated a positive impact of the replacement of

SSB consumption by water intake on obesity [74].

Red and processed meats. Reduced consumption of red and processed meats is not only

directly associated with a lower risk of some types of cancers [75, 76] but also linked to a

reduced risk of cardiovascular disease, type 2 diabetes, and obesity [77]. In addition, major

concerns of public policy on environmental sustainability [78] have been related to these food

products. However, red meat remains an important source of high-quality protein, zinc, B12

vitamin and iron for minorities and vulnerable populations [79].

The vast majority of the Latin American countries included in ELANS reported consuming

red meat. Indeed, red meat was the second most consumed food group (73% reported intake)

within the region after vegetables, fluctuating from 82% for Argentinians to 50% for Peruvians.

Average absolute intake was 79.5 g of red and processed meat/day with socio-demographic

disparities by age, gender and SEL. This mean value is somewhat lower than findings from pre-

vious surveys that reported a mean intake of 113 g/day in Sao Paulo/Brazil, where red and pro-

cessed meat consumption was found in 75% of the sample [80]. In the US, the NHANES 2004

reported an intake of 93 g/day (69.8 g/d for red meat + 23.2 g/d for processed meat) for this

food group for the total population [81].

Consistent with other studies, men from the ELANS sample reported red and processed

meat consumption 50% higher than women, a pattern that was similar for all countries. Inter-

estingly, red meat seems to be equally consumed by all socioeconomic strata regardless of the

absolute differences between specific countries. Thus, red meat seems to be a rather uniform

source of energy, proteins, and micronutrients in Latin America despite its negative health

effects. In contrast, processed meats showed a trend to higher consumption at low SEL, partic-

ularly in Argentina and Chile.

Scientific debate remains on the daily/weekly intake of red meat that shows no negative

health implications. One difference that characterized LA in comparison with US is that red

meat is frequently cooked in the saucepan as part of combined dishes, or grilled in a slow

cooker. However, common agreement suggests that limiting red and processed meat con-

sumption would benefit health [77].

Strengths and limitations

ELANS methodology of food intake data collection was very detailed, aiming to evaluate the

amount consumed of each food and providing more accurate information compared to

approaches based on food frequency questionnaires (FFQ). The two 24-h recall were con-

ducted on different weekdays, including weekends, and different months of the year, thereby

reducing inter-individual variability [82]. In order to further reduce methodological bias,

adjustment of dietary data was performed by the Multiple Source Method, a statistical model

in which data were adjusted for intrapersonal variability to estimate the usual intake of each

nutrient in each individual [34, 83]. For the food groups, the daily intake of each participant

was estimated considering the mean consumption from both records. In addition, dietary data

were used in a quantitative model to estimate the amount consumed through linear followed

by logistic regression with random effects. Furthermore, our large sample size is a strength

that attenuates methodological biases due to limited data collection.

The 24-h recall method is rapid to apply and requires only short-time memory, which con-

tributes to better respondent adherence and data quality [84, 85]. However, some limitations
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remain such as misreporting due to interviewees’ bias and forgetfulness [86, 87]. In order to

minimize such bias, the Multiple Pass Method was used to assist the interviewee in recalling

and detailing his/her food report by five steps, including quick list, forgotten food list, time

and occasion, detailed cycle, and final review probe [33, 88].

An important limitation of this study is the range of assumed “optimal consumption”

which was based on cut off values according to a global reference [46, 89] and/or based on

meta-analysis evidence for risk of CVD and/or mortality [4, 5, 8, 10, 14]. Another limitation is

that the ELANS sample is composed only by the urban population of each country and there-

fore the findings cannot be extrapolated to the entire population.

The assessment of the dietary intake according to food groups required adapting the reality

of the local population with regards to the food group composition, as well as to the cut off

points. In this step it was necessary to take into account both the population’s habits and cul-

ture [48, 90]. In addition, the absence of a FFQ that could differentiate the real consumers

from non-consumers for the food groups analyzed in this study has limited the use of methods

of estimation of the usual food intake that are capable of eliminating the intra-individual vari-

ability of intake such as NCI and/or MSM [91, 92]. The authors have chosen to report the

mean intake of two 24-HR and not only the information reported on the first 24-HR, aiming

this way, to reduce this underestimation of the food intake, especially for those food groups

where the frequency of intake is low (e.g nuts, yogurt and fish).

Consistent with current trends in nutritional research, this study evaluated diet quality based

on foods or food groups -instead of nutrients- in a representative sample of the urban population

from Latin America. Our findings indicate that diet intake quality is deficient for all food groups,

suggesting a high risk for chronic diseases and mortality in this world region in the upcoming

decades. These data provide relevant and up-to-date information to design, implement, and eval-

uate national guidelines and recommendations depending on current dietary practices and

intake patterns in each country that participated in ELANS. Improving this suboptimal diet

should be one of the most critical tasks to be developed in Latin America in order to attenuate

the ongoing transition towards NCDs, chronic disability, and decreased life expectancy.

The current study shows that in Latin America, there is a huge distance between the intake

and the recommendation for the food groups commonly related to chronic diseases regardless

of the country. The low percentage of individuals with a minimum of 1 to a maximum of 11%

in fish and vegetables consumption, respectively, present a challenge for meeting thresholds

considered in prevention of NCD. Health food groups tend to be more consumed in high SEL,

and by older people. Vegetables and red meat are the most consumed food groups in the

region, although the amounts of the first group are below the recommendations and the latter

is overconsumed in most of the countries.
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Garcı́a, Rossina G. Pareja, Ioná Zalcman Zimberg, Viviana Guajardo, Luis A. Moreno,

Regina Fisberg.

References
1. Kelly T, Yang W, Chen CS, Reynolds K, He J. Global burden of obesity in 2005 and projections to 2030.

Int J Obes (Lond). 2008; 32(9):1431–7. https://doi.org/10.1038/ijo.2008.102 PMID: 18607383.

2. Alwan A. Global status report on noncommunicable diseases 2010: World Health Organization; 2011.

3. Encuesta de Seguimiento al Consumo de Alimentos (ESCA). Caracas: Venezuela. Instituto Nacional

de Estadı́stica; 2014 2014//.

4. Schwingshackl L, Schwedhelm C, Hoffmann G, Lampousi AM, Knuppel S, Iqbal K, et al. Food groups

and risk of all-cause mortality: a systematic review and meta-analysis of prospective studies. Am J Clin

Nutr. 2017; 105(6):1462–73. https://doi.org/10.3945/ajcn.117.153148 PMID: 28446499.

5. Bechthold A, Boeing H, Schwedhelm C, Hoffmann G, Knuppel S, Iqbal K, et al. Food groups and risk of

coronary heart disease, stroke and heart failure: A systematic review and dose-response meta-analysis

of prospective studies. Crit Rev Food Sci Nutr. 2017:1–20. https://doi.org/10.1080/10408398.2017.

1392288 PMID: 29039970.

6. Micha R, Wallace SK, Mozaffarian D. Red and processed meat consumption and risk of incident coro-

nary heart disease, stroke, and diabetes mellitus: a systematic review and meta-analysis. Circulation.

2010; 121(21):2271–83. https://doi.org/10.1161/CIRCULATIONAHA.109.924977 PMID: 20479151;

PubMed Central PMCID: PMC2885952.

7. Micha R, Khatibzadeh S, Shi P, Andrews KG, Engell RE, Mozaffarian D, et al. Global, regional and

national consumption of major food groups in 1990 and 2010: a systematic analysis including 266 coun-

try-specific nutrition surveys worldwide. BMJ Open. 2015; 5(9):e008705. https://doi.org/10.1136/

bmjopen-2015-008705 PMID: 26408285; PubMed Central PMCID: PMC4593162.

8. Micha R, Shulkin ML, Penalvo JL, Khatibzadeh S, Singh GM, Rao M, et al. Etiologic effects and optimal

intakes of foods and nutrients for risk of cardiovascular diseases and diabetes: Systematic reviews and

meta-analyses from the Nutrition and Chronic Diseases Expert Group (NutriCoDE). PLoS One. 2017;

12(4):e0175149. https://doi.org/10.1371/journal.pone.0175149 PMID: 28448503; PubMed Central

PMCID: PMC5407851.

9. McRae MP. Health Benefits of Dietary Whole Grains: An Umbrella Review of Meta-analyses. J Chiropr

Med. 2017; 16(1):10–8. https://doi.org/10.1016/j.jcm.2016.08.008 PMID: 28228693; PubMed Central

PMCID: PMC5310957.

10. Wu L, Sun D. Consumption of Yogurt and the Incident Risk of Cardiovascular Disease: A Meta-Analysis

of Nine Cohort Studies. Nutrients. 2017; 9(3). https://doi.org/10.3390/nu9030315 PMID: 28327514;

PubMed Central PMCID: PMC5372978.

11. Benisi-Kohansal S, Saneei P, Salehi-Marzijarani M, Larijani B, Esmaillzadeh A. Whole-Grain Intake and

Mortality from All Causes, Cardiovascular Disease, and Cancer: A Systematic Review and Dose-

Response Meta-Analysis of Prospective Cohort Studies. Adv Nutr. 2016; 7(6):1052–65. https://doi.org/

10.3945/an.115.011635 PMID: 28140323; PubMed Central PMCID: PMC5105035.

12. Imamura F, O’Connor L, Ye Z, Mursu J, Hayashino Y, Bhupathiraju SN, et al. Consumption of sugar

sweetened beverages, artificially sweetened beverages, and fruit juice and incidence of type 2 diabetes:

systematic review, meta-analysis, and estimation of population attributable fraction. Br J Sports Med.

2016; 50(8):496–504. https://doi.org/10.1136/bjsports-2016-h3576rep PMID: 27044603; PubMed Cen-

tral PMCID: PMC4853528.

13. Li B, Zhang G, Tan M, Zhao L, Jin L, Tang X, et al. Consumption of whole grains in relation to mortality

from all causes, cardiovascular disease, and diabetes: Dose-response meta-analysis of prospective

cohort studies. Medicine (Baltimore). 2016; 95(33):e4229. https://doi.org/10.1097/MD.

0000000000004229 PMID: 27537552; PubMed Central PMCID: PMC5370779.

14. O’Connor LE, Kim JE, Campbell WW. Total red meat intake of >/ = 0.5 servings/d does not negatively

influence cardiovascular disease risk factors: a systemically searched meta-analysis of randomized

Latin American consumption of major food groups

PLOS ONE | https://doi.org/10.1371/journal.pone.0225101 December 26, 2019 22 / 27

https://doi.org/10.1038/ijo.2008.102
http://www.ncbi.nlm.nih.gov/pubmed/18607383
https://doi.org/10.3945/ajcn.117.153148
http://www.ncbi.nlm.nih.gov/pubmed/28446499
https://doi.org/10.1080/10408398.2017.1392288
https://doi.org/10.1080/10408398.2017.1392288
http://www.ncbi.nlm.nih.gov/pubmed/29039970
https://doi.org/10.1161/CIRCULATIONAHA.109.924977
http://www.ncbi.nlm.nih.gov/pubmed/20479151
https://doi.org/10.1136/bmjopen-2015-008705
https://doi.org/10.1136/bmjopen-2015-008705
http://www.ncbi.nlm.nih.gov/pubmed/26408285
https://doi.org/10.1371/journal.pone.0175149
http://www.ncbi.nlm.nih.gov/pubmed/28448503
https://doi.org/10.1016/j.jcm.2016.08.008
http://www.ncbi.nlm.nih.gov/pubmed/28228693
https://doi.org/10.3390/nu9030315
http://www.ncbi.nlm.nih.gov/pubmed/28327514
https://doi.org/10.3945/an.115.011635
https://doi.org/10.3945/an.115.011635
http://www.ncbi.nlm.nih.gov/pubmed/28140323
https://doi.org/10.1136/bjsports-2016-h3576rep
http://www.ncbi.nlm.nih.gov/pubmed/27044603
https://doi.org/10.1097/MD.0000000000004229
https://doi.org/10.1097/MD.0000000000004229
http://www.ncbi.nlm.nih.gov/pubmed/27537552
https://doi.org/10.1371/journal.pone.0225101


controlled trials. Am J Clin Nutr. 2017; 105(1):57–69. https://doi.org/10.3945/ajcn.116.142521 PMID:

27881394; PubMed Central PMCID: PMC5183733.

15. Zong G, Gao A, Hu FB, Sun Q. Whole Grain Intake and Mortality From All Causes, Cardiovascular Dis-

ease, and Cancer: A Meta-Analysis of Prospective Cohort Studies. Circulation. 2016; 133(24):2370–

80. https://doi.org/10.1161/CIRCULATIONAHA.115.021101 PMID: 27297341; PubMed Central

PMCID: PMC4910651.

16. Wang X, Lin X, Ouyang YY, Liu J, Zhao G, Pan A, et al. Red and processed meat consumption and mor-

tality: dose-response meta-analysis of prospective cohort studies. Public Health Nutr. 2016; 19(5):893–

905. https://doi.org/10.1017/S1368980015002062 PMID: 26143683.

17. Xi B, Huang Y, Reilly KH, Li S, Zheng R, Barrio-Lopez MT, et al. Sugar-sweetened beverages and risk

of hypertension and CVD: a dose-response meta-analysis. Br J Nutr. 2015; 113(5):709–17. https://doi.

org/10.1017/S0007114514004383 PMID: 25735740.

18. Abete I, Romaguera D, Vieira AR, Lopez de Munain A, Norat T. Association between total, processed,

red and white meat consumption and all-cause, CVD and IHD mortality: a meta-analysis of cohort stud-

ies. Br J Nutr. 2014; 112(5):762–75. https://doi.org/10.1017/S000711451400124X PMID: 24932617.

19. Greenwood DC, Threapleton DE, Evans CE, Cleghorn CL, Nykjaer C, Woodhead C, et al. Association

between sugar-sweetened and artificially sweetened soft drinks and type 2 diabetes: systematic review

and dose-response meta-analysis of prospective studies. Br J Nutr. 2014; 112(5):725–34. https://doi.

org/10.1017/S0007114514001329 PMID: 24932880.

20. Leung Yinko SS, Stark KD, Thanassoulis G, Pilote L. Fish consumption and acute coronary syndrome:

a meta-analysis. Am J Med. 2014; 127(9):848–57 e2. https://doi.org/10.1016/j.amjmed.2014.04.016

PMID: 24802020.

21. Mortality GBD, Causes of Death C. Global, regional, and national age-sex specific all-cause and cause-

specific mortality for 240 causes of death, 1990–2013: a systematic analysis for the Global Burden of

Disease Study 2013. Lancet. 2015; 385(9963):117–71. https://doi.org/10.1016/S0140-6736(14)61682-

2 PMID: 25530442; PubMed Central PMCID: PMC4340604.

22. Li YH, Zhou CH, Pei HJ, Zhou XL, Li LH, Wu YJ, et al. Fish consumption and incidence of heart failure:

a meta-analysis of prospective cohort studies. Chin Med J (Engl). 2013; 126(5):942–8. PMID:

23489806.

23. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assess-

ment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in 21 regions,

1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet. 2012; 380

(9859):2224–60. https://doi.org/10.1016/S0140-6736(12)61766-8 PMID: 23245609; PubMed Central

PMCID: PMC4156511.

24. Corvalan C, Garmendia ML, Jones-Smith J, Lutter CK, Miranda JJ, Pedraza LS, et al. Nutrition status of

children in Latin America. Obes Rev. 2017; 18 Suppl 2:7–18. https://doi.org/10.1111/obr.12571 PMID:

28741907; PubMed Central PMCID: PMC5601284.

25. Galicia L, Grajeda R, de Romana DL. Nutrition situation in Latin America and the Caribbean: current

scenario, past trends, and data gaps. Rev Panam Salud Publica. 2016; 40(2):104–13. PMID:

27982368.

26. Galicia L, de Romana DL, Harding KB, De-Regil LM, Grajeda R. Tackling malnutrition in Latin America

and the Caribbean: challenges and opportunities. Rev Panam Salud Publica. 2016; 40(2):138–46.

PMID: 27982371.

27. Lopez-Jaramillo P, Gomez-Arbelaez D, Sotomayor-Rubio A, Mantilla-Garcia D, Lopez-Lopez J. Mater-

nal undernutrition and cardiometabolic disease: a Latin American perspective. BMC Med. 2015; 13:41.

https://doi.org/10.1186/s12916-015-0293-8 PMID: 25858591; PubMed Central PMCID: PMC4346113.

28. Rivera JA, de Cossio TG, Pedraza LS, Aburto TC, Sanchez TG, Martorell R. Childhood and adolescent

overweight and obesity in Latin America: a systematic review. Lancet Diabetes Endocrinol. 2014; 2

(4):321–32. https://doi.org/10.1016/S2213-8587(13)70173-6 PMID: 24703050.

29. Rivera JA, Pedraza LS, Martorell R, Gil A. Introduction to the double burden of undernutrition and

excess weight in Latin America. Am J Clin Nutr. 2014; 100(6):1613S–6S. https://doi.org/10.3945/ajcn.

114.084806 PMID: 25411302.

30. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity in developing

countries. Nutr Rev. 2012; 70(1):3–21. https://doi.org/10.1111/j.1753-4887.2011.00456.x PMID:

22221213; PubMed Central PMCID: PMC3257829.

31. Fisberg M, Kovalskys I, Gomez G, Rigotti A, Cortes LY, Herrera-Cuenca M, et al. Latin American Study

of Nutrition and Health (ELANS): rationale and study design. BMC Public Health. 2016; 16:93. https://

doi.org/10.1186/s12889-016-2765-y PMID: 26829928; PubMed Central PMCID: PMC4736497.

32. Kovalskys I, Fisberg M, Gomez G, Rigotti A, Cortes LY, Yepez MC, et al. Standardization of the Food

Composition Database Used in the Latin American Nutrition and Health Study (ELANS). Nutrients.

Latin American consumption of major food groups

PLOS ONE | https://doi.org/10.1371/journal.pone.0225101 December 26, 2019 23 / 27

https://doi.org/10.3945/ajcn.116.142521
http://www.ncbi.nlm.nih.gov/pubmed/27881394
https://doi.org/10.1161/CIRCULATIONAHA.115.021101
http://www.ncbi.nlm.nih.gov/pubmed/27297341
https://doi.org/10.1017/S1368980015002062
http://www.ncbi.nlm.nih.gov/pubmed/26143683
https://doi.org/10.1017/S0007114514004383
https://doi.org/10.1017/S0007114514004383
http://www.ncbi.nlm.nih.gov/pubmed/25735740
https://doi.org/10.1017/S000711451400124X
http://www.ncbi.nlm.nih.gov/pubmed/24932617
https://doi.org/10.1017/S0007114514001329
https://doi.org/10.1017/S0007114514001329
http://www.ncbi.nlm.nih.gov/pubmed/24932880
https://doi.org/10.1016/j.amjmed.2014.04.016
http://www.ncbi.nlm.nih.gov/pubmed/24802020
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/S0140-6736(14)61682-2
http://www.ncbi.nlm.nih.gov/pubmed/25530442
http://www.ncbi.nlm.nih.gov/pubmed/23489806
https://doi.org/10.1016/S0140-6736(12)61766-8
http://www.ncbi.nlm.nih.gov/pubmed/23245609
https://doi.org/10.1111/obr.12571
http://www.ncbi.nlm.nih.gov/pubmed/28741907
http://www.ncbi.nlm.nih.gov/pubmed/27982368
http://www.ncbi.nlm.nih.gov/pubmed/27982371
https://doi.org/10.1186/s12916-015-0293-8
http://www.ncbi.nlm.nih.gov/pubmed/25858591
https://doi.org/10.1016/S2213-8587(13)70173-6
http://www.ncbi.nlm.nih.gov/pubmed/24703050
https://doi.org/10.3945/ajcn.114.084806
https://doi.org/10.3945/ajcn.114.084806
http://www.ncbi.nlm.nih.gov/pubmed/25411302
https://doi.org/10.1111/j.1753-4887.2011.00456.x
http://www.ncbi.nlm.nih.gov/pubmed/22221213
https://doi.org/10.1186/s12889-016-2765-y
https://doi.org/10.1186/s12889-016-2765-y
http://www.ncbi.nlm.nih.gov/pubmed/26829928
https://doi.org/10.1371/journal.pone.0225101


2015; 7(9):7914–24. https://doi.org/10.3390/nu7095373 PMID: 26389952; PubMed Central PMCID:

PMC4586568.

33. Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T, Clemens JC, Rumpler WV, et al. The US Department of

Agriculture Automated Multiple-Pass Method reduces bias in the collection of energy intakes. Am J Clin

Nutr. 2008; 88(2):324–32. https://doi.org/10.1093/ajcn/88.2.324 PMID: 18689367.

34. Harttig U, Haubrock J, Knuppel S, Boeing H, Consortium E. The MSM program: web-based statistics

package for estimating usual dietary intake using the Multiple Source Method. Eur J Clin Nutr. 2011; 65

Suppl 1:S87–91. Epub 2011/07/16. https://doi.org/10.1038/ejcn.2011.92 PMID: 21731011.

35. USDA. Center for Nutrition Policy and Promotion. Food Guide Pyramid. A guide to daily food choices.

Home and Garden Bulletin, Number 52. 1992.

36. Schwingshackl L, Hoffmann G, Lampousi AM, Knuppel S, Iqbal K, Schwedhelm C, et al. Food groups

and risk of type 2 diabetes mellitus: a systematic review and meta-analysis of prospective studies. Eur J

Epidemiol. 2017; 32(5):363–75. https://doi.org/10.1007/s10654-017-0246-y PMID: 28397016; PubMed

Central PMCID: PMC5506108.

37. Gholami F, Khoramdad M, Esmailnasab N, Moradi G, Nouri B, Safiri S, et al. The effect of dairy con-

sumption on the prevention of cardiovascular diseases: A meta-analysis of prospective studies. J Cardi-

ovasc Thorac Res. 2017; 9(1):1–11. https://doi.org/10.15171/jcvtr.2017.01 PMID: 28451082; PubMed

Central PMCID: PMC5402021.

38. Guo J, Astrup A, Lovegrove JA, Gijsbers L, Givens DI, Soedamah-Muthu SS. Milk and dairy consump-

tion and risk of cardiovascular diseases and all-cause mortality: dose-response meta-analysis of pro-

spective cohort studies. Eur J Epidemiol. 2017; 32(4):269–87. https://doi.org/10.1007/s10654-017-

0243-1 PMID: 28374228; PubMed Central PMCID: PMC5437143.

39. Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, et al. Nut consumption and

risk of cardiovascular disease, total cancer, all-cause and cause-specific mortality: a systematic review

and dose-response meta-analysis of prospective studies. BMC Med. 2016; 14(1):207. https://doi.org/

10.1186/s12916-016-0730-3 PMID: 27916000; PubMed Central PMCID: PMC5137221.

40. Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, et al. Whole grain consump-

tion and risk of cardiovascular disease, cancer, and all cause and cause specific mortality: systematic

review and dose-response meta-analysis of prospective studies. BMJ. 2016; 353:i2716. https://doi.org/

10.1136/bmj.i2716 PMID: 27301975; PubMed Central PMCID: PMC4908315.

41. Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, et al. Fruit and vegetable intake and

the risk of cardiovascular disease, total cancer and all-cause mortality-a systematic review and dose-

response meta-analysis of prospective studies. Int J Epidemiol. 2017; 46(3):1029–56. https://doi.org/

10.1093/ije/dyw319 PMID: 28338764.

42. Alexander DD, Bylsma LC, Vargas AJ, Cohen SS, Doucette A, Mohamed M, et al. Dairy consumption

and CVD: a systematic review and meta-analysis. Br J Nutr. 2016; 115(4):737–50. https://doi.org/10.

1017/S0007114515005000 PMID: 26786887.

43. Qin LQ, Xu JY, Han SF, Zhang ZL, Zhao YY, Szeto IM. Dairy consumption and risk of cardiovascular

disease: an updated meta-analysis of prospective cohort studies. Asia Pac J Clin Nutr. 2015; 24(1):90–

100. https://doi.org/10.6133/apjcn.2015.24.1.09 PMID: 25740747.

44. Zhan J, Liu YJ, Cai LB, Xu FR, Xie T, He QQ. Fruit and vegetable consumption and risk of cardiovascu-

lar disease: A meta-analysis of prospective cohort studies. Crit Rev Food Sci Nutr. 2017; 57(8):1650–

63. https://doi.org/10.1080/10408398.2015.1008980 PMID: 26114864.

45. Afshin A, Micha R, Khatibzadeh S, Mozaffarian D. Consumption of nuts and legumes and risk of inci-

dent ischemic heart disease, stroke, and diabetes: a systematic review and meta-analysis. Am J Clin

Nutr. 2014; 100(1):278–88. https://doi.org/10.3945/ajcn.113.076901 PMID: 24898241; PubMed Central

PMCID: PMC4144102.

46. Joint WHO/FAO Expert Consultation on Diet NatPoCD. Diet, nutrition and the prevention of chronic dis-

eases: report of a joint WHO/FAO expert consultation. Geneva2003.

47. Moore LV, Thompson FE. Adults Meeting Fruit and Vegetable Intake Recommendations—United

States, 2013. MMWR Morb Mortal Wkly Rep. 2015; 64(26):709–13. PMID: 26158351; PubMed Central

PMCID: PMC4584842.

48. Guenther PM, Reedy J, Krebs-Smith SM. Development of the Healthy Eating Index-2005. J Am Diet

Assoc. 2008; 108(11):1896–901. Epub 2008/10/29. https://doi.org/10.1016/j.jada.2008.08.016 PMID:

18954580.

49. Mensink GB, Truthmann J, Rabenberg M, Heidemann C, Haftenberger M, Schienkiewitz A, et al. [Fruit

and vegetable intake in Germany: results of the German Health Interview and Examination Survey for

Adults (DEGS1)]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2013; 56(5–

6):779–85. https://doi.org/10.1007/s00103-012-1651-8 PMID: 23703498.

Latin American consumption of major food groups

PLOS ONE | https://doi.org/10.1371/journal.pone.0225101 December 26, 2019 24 / 27

https://doi.org/10.3390/nu7095373
http://www.ncbi.nlm.nih.gov/pubmed/26389952
https://doi.org/10.1093/ajcn/88.2.324
http://www.ncbi.nlm.nih.gov/pubmed/18689367
https://doi.org/10.1038/ejcn.2011.92
http://www.ncbi.nlm.nih.gov/pubmed/21731011
https://doi.org/10.1007/s10654-017-0246-y
http://www.ncbi.nlm.nih.gov/pubmed/28397016
https://doi.org/10.15171/jcvtr.2017.01
http://www.ncbi.nlm.nih.gov/pubmed/28451082
https://doi.org/10.1007/s10654-017-0243-1
https://doi.org/10.1007/s10654-017-0243-1
http://www.ncbi.nlm.nih.gov/pubmed/28374228
https://doi.org/10.1186/s12916-016-0730-3
https://doi.org/10.1186/s12916-016-0730-3
http://www.ncbi.nlm.nih.gov/pubmed/27916000
https://doi.org/10.1136/bmj.i2716
https://doi.org/10.1136/bmj.i2716
http://www.ncbi.nlm.nih.gov/pubmed/27301975
https://doi.org/10.1093/ije/dyw319
https://doi.org/10.1093/ije/dyw319
http://www.ncbi.nlm.nih.gov/pubmed/28338764
https://doi.org/10.1017/S0007114515005000
https://doi.org/10.1017/S0007114515005000
http://www.ncbi.nlm.nih.gov/pubmed/26786887
https://doi.org/10.6133/apjcn.2015.24.1.09
http://www.ncbi.nlm.nih.gov/pubmed/25740747
https://doi.org/10.1080/10408398.2015.1008980
http://www.ncbi.nlm.nih.gov/pubmed/26114864
https://doi.org/10.3945/ajcn.113.076901
http://www.ncbi.nlm.nih.gov/pubmed/24898241
http://www.ncbi.nlm.nih.gov/pubmed/26158351
https://doi.org/10.1016/j.jada.2008.08.016
http://www.ncbi.nlm.nih.gov/pubmed/18954580
https://doi.org/10.1007/s00103-012-1651-8
http://www.ncbi.nlm.nih.gov/pubmed/23703498
https://doi.org/10.1371/journal.pone.0225101


50. Fruit and vegetable consumption, 2016. Health Reports. Statistics Canada Catalogue no. 82-625-X.

September 2017.

51. Landais E, Bour A, Gartner A, McCullough F, Delpeuch F, Holdsworth M. Socio-economic and beha-

vioural determinants of fruit and vegetable intake in Moroccan women. Public Health Nutr. 2015; 18

(5):809–16. https://doi.org/10.1017/S1368980014001761 PMID: 25166305.

52. Pessoa MC, Mendes LL, Gomes CS, Martins PA, Velasquez-Melendez G. Food environment and fruit

and vegetable intake in a urban population: a multilevel analysis. BMC Public Health. 2015; 15:1012.

https://doi.org/10.1186/s12889-015-2277-1 PMID: 26437719; PubMed Central PMCID: PMC4595198.

53. Mackenbach JD, Brage S, Forouhi NG, Griffin SJ, Wareham NJ, Monsivais P. Does the importance of

dietary costs for fruit and vegetable intake vary by socioeconomic position? Br J Nutr. 2015; 114

(9):1464–70. https://doi.org/10.1017/S0007114515003025 PMID: 26353803; PubMed Central PMCID:

PMC4657115.

54. Brown RC, Tey SL, Gray AR, Chisholm A, Smith C, Fleming E, et al. Patterns and predictors of nut con-

sumption: results from the 2008/09 New Zealand Adult Nutrition Survey. Br J Nutr. 2014; 112

(12):2028–40. https://doi.org/10.1017/S0007114514003158 PMID: 25354462.

55. Nielsen SJ, Kit BK, Ogden CL. Nut consumption among U.S. adults, 2009–2010. NCHS Data Brief.

2014;(176):1–8. PMID: 25519884.

56. Relja A, Miljkovic A, Gelemanovic A, Boskovic M, Hayward C, Polasek O, et al. Nut Consumption and

Cardiovascular Risk Factors: A Cross-Sectional Study in a Mediterranean Population. Nutrients. 2017;

9(12). https://doi.org/10.3390/nu9121296 PMID: 29182576; PubMed Central PMCID: PMC5748747.

57. Panahi S, Fernandez MA, Marette A, Tremblay A. Yogurt, diet quality and lifestyle factors. Eur J Clin

Nutr. 2017; 71(5):573–9. https://doi.org/10.1038/ejcn.2016.214 PMID: 27804959.

58. Astrup A. Yogurt and dairy product consumption to prevent cardiometabolic diseases: epidemiologic

and experimental studies. Am J Clin Nutr. 2014; 99(5 Suppl):1235S–42S. https://doi.org/10.3945/ajcn.

113.073015 PMID: 24695891.

59. Fisberg M, Machado R. History of yogurt and current patterns of consumption. Nutr Rev. 2015; 73

Suppl 1:4–7. https://doi.org/10.1093/nutrit/nuv020 PMID: 26175483.

60. Kovalskys I, Fisberg M, Gomez G, Pareja RG, Yepez Garcia MC, Cortes Sanabria LY, et al. Energy

intake and food sources of eight Latin American countries: results from the Latin American Study of

Nutrition and Health (ELANS). Public Health Nutr. 2018:1–13. Epub 2018/06/01. https://doi.org/10.

1017/S1368980018001222 PMID: 29848396.

61. Aune D, Norat T, Romundstad P, Vatten LJ. Whole grain and refined grain consumption and the risk of

type 2 diabetes: a systematic review and dose-response meta-analysis of cohort studies. Eur J Epide-

miol. 2013; 28(11):845–58. https://doi.org/10.1007/s10654-013-9852-5 PMID: 24158434.

62. Chanson-Rolle A, Meynier A, Aubin F, Lappi J, Poutanen K, Vinoy S, et al. Systematic Review and

Meta-Analysis of Human Studies to Support a Quantitative Recommendation for Whole Grain Intake in

Relation to Type 2 Diabetes. PLoS One. 2015; 10(6):e0131377. https://doi.org/10.1371/journal.pone.

0131377 PMID: 26098118; PubMed Central PMCID: PMC4476805.

63. Bellisle F, Hebel P, Colin J, Reye B, Hopkins S. Consumption of whole grains in French children, ado-

lescents and adults. Br J Nutr. 2014; 112(10):1674–84. https://doi.org/10.1017/S0007114514002670

PMID: 25300424; PubMed Central PMCID: PMC4234471.

64. Mann KD, Pearce MS, McKevith B, Thielecke F, Seal CJ. Whole grain intake and its association with

intakes of other foods, nutrients and markers of health in the National Diet and Nutrition Survey rolling

programme 2008–11. Br J Nutr. 2015; 113(10):1595–602. https://doi.org/10.1017/

S0007114515000525 PMID: 25893512; PubMed Central PMCID: PMC4462159.

65. Messina V. Nutritional and health benefits of dried beans. Am J Clin Nutr. 2014; 100 Suppl 1:437S–42S.

https://doi.org/10.3945/ajcn.113.071472 PMID: 24871476.

66. Engeset D, Braaten T, Teucher B, Kuhn T, Bueno-de-Mesquita HB, Leenders M, et al. Fish consump-

tion and mortality in the European Prospective Investigation into Cancer and Nutrition cohort. Eur J Epi-

demiol. 2015; 30(1):57–70. https://doi.org/10.1007/s10654-014-9966-4 PMID: 25377533; PubMed

Central PMCID: PMC4356893.

67. Skuland SE. Healthy Eating and Barriers Related to Social Class. The case of vegetable and fish con-

sumption in Norway. Appetite. 2015; 92:217–26. https://doi.org/10.1016/j.appet.2015.05.008 PMID:

25982927.

68. Singh GM, Micha R, Khatibzadeh S, Lim S, Ezzati M, Mozaffarian D, et al. Estimated Global, Regional,

and National Disease Burdens Related to Sugar-Sweetened Beverage Consumption in 2010. Circula-

tion. 2015; 132(8):639–66. https://doi.org/10.1161/CIRCULATIONAHA.114.010636 PMID: 26124185;

PubMed Central PMCID: PMC4550496.

Latin American consumption of major food groups

PLOS ONE | https://doi.org/10.1371/journal.pone.0225101 December 26, 2019 25 / 27

https://doi.org/10.1017/S1368980014001761
http://www.ncbi.nlm.nih.gov/pubmed/25166305
https://doi.org/10.1186/s12889-015-2277-1
http://www.ncbi.nlm.nih.gov/pubmed/26437719
https://doi.org/10.1017/S0007114515003025
http://www.ncbi.nlm.nih.gov/pubmed/26353803
https://doi.org/10.1017/S0007114514003158
http://www.ncbi.nlm.nih.gov/pubmed/25354462
http://www.ncbi.nlm.nih.gov/pubmed/25519884
https://doi.org/10.3390/nu9121296
http://www.ncbi.nlm.nih.gov/pubmed/29182576
https://doi.org/10.1038/ejcn.2016.214
http://www.ncbi.nlm.nih.gov/pubmed/27804959
https://doi.org/10.3945/ajcn.113.073015
https://doi.org/10.3945/ajcn.113.073015
http://www.ncbi.nlm.nih.gov/pubmed/24695891
https://doi.org/10.1093/nutrit/nuv020
http://www.ncbi.nlm.nih.gov/pubmed/26175483
https://doi.org/10.1017/S1368980018001222
https://doi.org/10.1017/S1368980018001222
http://www.ncbi.nlm.nih.gov/pubmed/29848396
https://doi.org/10.1007/s10654-013-9852-5
http://www.ncbi.nlm.nih.gov/pubmed/24158434
https://doi.org/10.1371/journal.pone.0131377
https://doi.org/10.1371/journal.pone.0131377
http://www.ncbi.nlm.nih.gov/pubmed/26098118
https://doi.org/10.1017/S0007114514002670
http://www.ncbi.nlm.nih.gov/pubmed/25300424
https://doi.org/10.1017/S0007114515000525
https://doi.org/10.1017/S0007114515000525
http://www.ncbi.nlm.nih.gov/pubmed/25893512
https://doi.org/10.3945/ajcn.113.071472
http://www.ncbi.nlm.nih.gov/pubmed/24871476
https://doi.org/10.1007/s10654-014-9966-4
http://www.ncbi.nlm.nih.gov/pubmed/25377533
https://doi.org/10.1016/j.appet.2015.05.008
http://www.ncbi.nlm.nih.gov/pubmed/25982927
https://doi.org/10.1161/CIRCULATIONAHA.114.010636
http://www.ncbi.nlm.nih.gov/pubmed/26124185
https://doi.org/10.1371/journal.pone.0225101


69. Park S, McGuire LC, Galuska DA. Regional Differences in Sugar-Sweetened Beverage Intake among

US Adults. J Acad Nutr Diet. 2015; 115(12):1996–2002. https://doi.org/10.1016/j.jand.2015.06.010

PMID: 26231057; PubMed Central PMCID: PMC4663103.

70. Fisberg M, Kovalskys I, Gomez G, Rigotti A, Sanabria LYC, Garcia MCY, et al. Total and Added Sugar

Intake: Assessment in Eight Latin American Countries. Nutrients. 2018; 10(4). Epub 2018/03/23.

https://doi.org/10.3390/nu10040389 PMID: 29565308.

71. Popkin BM, Hawkes C. Sweetening of the global diet, particularly beverages: patterns, trends, and pol-

icy responses. Lancet Diabetes Endocrinol. 2016; 4(2):174–86. https://doi.org/10.1016/S2213-8587

(15)00419-2 PMID: 26654575; PubMed Central PMCID: PMC4733620.

72. Sanchez-Romero LM, Penko J, Coxson PG, Fernandez A, Mason A, Moran AE, et al. Projected Impact

of Mexico’s Sugar-Sweetened Beverage Tax Policy on Diabetes and Cardiovascular Disease: A Model-

ing Study. PLoS Med. 2016; 13(11):e1002158. https://doi.org/10.1371/journal.pmed.1002158 PMID:

27802278; PubMed Central PMCID: PMC5089730.

73. Lanas F, Bazzano L, Rubinstein A, Calandrelli M, Chen CS, Elorriaga N, et al. Prevalence, Distributions

and Determinants of Obesity and Central Obesity in the Southern Cone of America. PLoS One. 2016;

11(10):e0163727. https://doi.org/10.1371/journal.pone.0163727 PMID: 27741247; PubMed Central

PMCID: PMC5065193.

74. Duffey KJ, Poti J. Modeling the Effect of Replacing Sugar-Sweetened Beverage Consumption with

Water on Energy Intake, HBI Score, and Obesity Prevalence. Nutrients. 2016; 8(7). https://doi.org/10.

3390/nu8070395 PMID: 27367719; PubMed Central PMCID: PMC4963871.

75. Kim E, Coelho D, Blachier F. Review of the association between meat consumption and risk of colorec-

tal cancer. Nutr Res. 2013; 33(12):983–94. https://doi.org/10.1016/j.nutres.2013.07.018 PMID:

24267037.

76. Rohrmann S, Linseisen J, Overvad K, Lund Wurtz AM, Roswall N, Tjonneland A, et al. Meat and fish

consumption and the risk of renal cell carcinoma in the European prospective investigation into cancer

and nutrition. Int J Cancer. 2015; 136(5):E423–31. https://doi.org/10.1002/ijc.29236 PMID: 25258006.

77. Pan A, Sun Q, Bernstein AM, Manson JE, Willett WC, Hu FB. Changes in red meat consumption and

subsequent risk of type 2 diabetes mellitus: three cohorts of US men and women. JAMA Intern Med.

2013; 173(14):1328–35. https://doi.org/10.1001/jamainternmed.2013.6633 PMID: 23779232; PubMed

Central PMCID: PMC3847817.

78. Michelozzi P, Lapucci E, Farchi S. [Meat consumption reduction policies: benefits for climate change

mitigation and health]. Recenti Prog Med. 2015; 106(8):354–7. https://doi.org/10.1701/1960.21296

PMID: 26228857.

79. Sharma S, Sheehy T, Kolonel LN. Contribution of meat to vitamin B(1)(2), iron and zinc intakes in five

ethnic groups in the USA: implications for developing food-based dietary guidelines. J Hum Nutr Diet.

2013; 26(2):156–68. https://doi.org/10.1111/jhn.12035 PMID: 23398393; PubMed Central PMCID:

PMC5023012.

80. de Carvalho AM, Cesar CL, Fisberg RM, Marchioni DM. Meat consumption in Sao Paulo-Brazil: trend in

the last decade. PLoS One. 2014; 9(5):e96667. https://doi.org/10.1371/journal.pone.0096667 PMID:

24792240; PubMed Central PMCID: PMC4008596.

81. Daniel CR, Cross AJ, Koebnick C, Sinha R. Trends in meat consumption in the USA. Public Health

Nutr. 2011; 14(4):575–83. https://doi.org/10.1017/S1368980010002077 PMID: 21070685; PubMed

Central PMCID: PMC3045642.
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