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Abstract: Non-communicable diseases are growing at an alarming rate in Latin America. We assessed
total and added sugar intake in Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Peru,
and Venezuela, to verify the adequacy of the World Health Organization’s recommendations,
considering gender, socioeconomic level (SEL) and age. A total of 9218 non-institutionalized
individuals living in urban areas (age range 15-65 years) were assessed in the Latin American Study
of Nutrition and Health (ELANS), a multicenter household population-based cross-sectional survey.
Socio-demographic data were collected. Total and added sugar intakes were measured using two
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non-consecutive 24-h dietary recalls. The prevalence of excessive sugar intake was estimated. A large
proportion of individuals showed high consumption of total and added sugar intake, which reflected
in the high prevalence of excessive sugar intake. With minimal differences across countries, in general,
women, individuals with high SEL, and younger people had higher percentages of total energy intake
from total and added sugar intake, and of contribution of carbohydrates from total and added sugars.
Thus, there is high consumption of total and added sugar intake in the Latin American countries with
some peculiarities considering socio-demographic variables, which should be considered in each
country’s health intervention proposals.

Keywords: cross-sectional study; dietary intake; Latin American; nutrition; sugars; survey

1. Introduction

In previous centuries, sugar was used as a commodity currency and represented wealth [1,2].
In this way, it was common to use high amounts of sugar in the food preparations to demonstrate
possessions, and this influenced the taste preferences as a result of experiential learning that was
passed down the generations [1,3]. On the other hand, sugar is traditionally used as preservative of
foods, just as salt [1].

Nowadays, despite some studies having shown that sugar intake is decreasing [4-7], globally
a high sugar intake is often seen [4,8-16]. In epidemiological studies developed around the world,
total sugar was observed ranging from 14.5 to 21.9% of total energy intake (%TE) in adults of both
genders assessed in Italy [9] and individuals of both genders, 18-34 years, assessed in National
Health and Nutritional Examination Survey IIl in the United States of America [4]. Furthermore, for
added sugar ranges from 7.2 to 21.4%TE were observed in men, 18-70 years, assessed in Norkost 3,
Norway [4], and individuals of both genders, 18-34 years, assessed in the National Health and
Nutritional Examination Survey in the United States of America [4].

With the worldwide increase in non-communicable disease (NCD) epidemics, and the known
association of sugar intake with health implications [14,17,18], the global health agenda has been drawn
to public health policies with the purpose of awareness in the population and the private sector to the
emerging need to reduce, mainly, added sugar consumption [19]. More recently, the World Health
Organization (WHO) has highlighted the consumption of free sugar, referred to as the sum of added
sugar, sugars naturally present in honey, syrups and fruit juices and fruit juice concentrates, and whose
consumption has been associated with poor dietary quality, besides higher risk of developing dental
caries, obesity, and NCD [19]. However, despite some authors having attempted to show the extent of
free sugar intake [10,16,20], the assessment is globally limited because of the lack of databases on free
sugar in the national tables of nutritional composition, and by the lack of a universal standardized
definition [20-22].

Despite the difficulty of evaluating added sugar, and particularly free sugar, the reporting of sugar
intake can guide adoption of public policies, and it is suggested that this information must be monitored
more rigorously, especially in countries whose data from sugar intake are scarce, which includes most
Latin American countries, a region of the south American continent characterized by a conglomerate of
developing countries that experience a dual scenario referred to as nutritional transition. In addition,
it is important to identify factors such as gender, socioeconomic level, and age that may influence
dietary habits and contribute to a higher sugar intake [8,23-25]. This will facilitate the planning of
action strategies targeting the most vulnerable groups.

Given this background, this study aimed to assess the total and added sugar intake in a
representative sample of Latin American countries, and to verify the adherence to the WHO
recommendations, considering gender, socioeconomic level (SEL), and age range.
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2. Materials and Methods

This survey was approved by the Western Institutional Review Board (#20140605), by the ethics
review boards of the participating institutions, and is registered at Clinical Trials (#NCT02226627).
Written informed consent/assent was obtained from all individuals before commencement of the study.
Participant confidentiality for the pooled data was maintained via the use of numeric identification
codes rather than names. All data transfer was done with a secure file sharing system.

2.1. Study Population

This study examined data from the Latin American Study of Nutrition and Health
("Estudio Latinoamericano de Nutricion y Salud’; ELANS), a household-based multi-national
cross-sectional population-based survey, conducted from March 2014 to December 2015 in eight Latin
American countries: Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Peru, and Venezuela.

Sample recruitment was performed using a random complex, multistage sampling. Individuals
(n =9218; aged 15 to 65 years) were stratified by geographical location (only urban areas), gender, age,
and SEL. Only urban areas were included considering that almost all countries included in ELANS
have at least 80-90% of the population living in urban areas. The sample size was calculated using a
confidence level of 95% and a sample error of 3.49% at a 5% significance level and survey design effect
of 1.75. More details can be seen in Fisberg et al. [26].

Pregnant and lactating women (in the first six months postpartum), individuals with major
physical or mental impairments that affect food intake or physical activity, individuals outside of age
range 15-65 years, adolescents without assent or consent of a parent or legal guardian, individuals
living in institutions, and individuals unable to read were not included in the sample.

2.2. Data Entry and Databases

Trained interviewers visited the selected households twice. At the first visit, the ELANS’
purpose was explained, and the eligible individuals signed the informed consent/assent form.
Thereafter, a structured questionnaire was used to collect information about demographics (age, gender,
years of education, number of people in the household, race/ethnicity, marital status, and number of
years living in the country) and SEL. A 24-h dietary recall (24-HR) was applied, and anthropometric
measurements were assessed. At the second visit, a second 24-HR and a beverage intake questionnaire
were answered.

Gender was classified as male or female. Age on the date of interview was considered in complete
years, and the individuals were stratified into four age groups: 15-19, 20-34, 3549, and 50-65 years.
SEL was classified into high, medium, and low strata, and these were based on the national indexes
used in each country, as described in Fisberg et al. [26].

The 24-HR were collected in nonconsecutive days, including weekend days, by trained
interviewers who used a structured script elaborated in paper form to be used in the home interviews.
The United States Department of Agriculture’s (USDA) five-step multiple-pass method [27] was
followed during the interviews to guide the individuals and to facilitate in recalling the foods and
beverages consumed. This method is composed by the following steps: 1. quick list—the interviewee
lists, without interruption, all foods and beverages consumed the previous day; 2. forgotten foods
list—the interviewer repeats the list of foods and beverages mentioned by the interviewee to identify
foods that may have been forgotten; 3. time and occasion—the interviewee elaborates on the time
he/she consumed foods and on what he/she considers to be a meal; 4. detail cycle—the interviewee
provides descriptions and amounts of each food reported, and the interviewer reviews each occasion
and the interval between occasions; 5. final review probe—the interviewer repeats all information with
the intention of collecting data on additional foods not remembered earlier. The data were analyzed
using the Nutrition Data System for Research software version 2014 (NDS-R), a dietary assessment
tool developed by the Nutrition Coordinating Center of University of Minnesota, Minneapolis, MN,
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whose steps to 24-HR data insertion follow the five-steps multiple pass method. Further details about
the food matching standardized procedures can be seen elsewhere [28].

2.3. Total and Added Sugar Intakes

Information on total and added sugar intakes were obtained from the 24-HR analysis using
the NDS-R, that includes in the 2014 version the USDA’s database, data from scientific literature,
food manufactures, and foreign food composition tables, including Latin American Food Composition
Table. In this software database, information on total sugar is captured and analyzed as being
composed of the individual intrinsic and extrinsic monosaccharides (glucose, fructose and galactose)
and disaccharides (sucrose, lactose and maltose); and added sugar (by total sugars) by those sugars
and syrups added to foods during food preparation or commercial food processing (white sugar
(sucrose), brown sugar, powdered sugar, honey, molasses, pancake syrup, corn syrups, high fructose
corn syrups, invert sugar, invert syrup, malt extract, malt syrup, fructose, glucose (dextrose), galactose,
and lactose), excluding mono- and disaccharides occurring naturally in foods, such as lactose in milk
or fructose in fruit [29].

When necessary, sugar and added sugar content were corrected to approximate the local reality
using a data correction routine made to be used in the Stata software (version 13.0; StataCorp LP,
College Station, TX, USA), and a corrected database was generated.

The prevalence of individual excessive added sugar intake was determined using the WHO's
recommendations intake of free sugars—below 10%TE—and the WHO'’s conditional recommendations
on intake of free sugars—below 5%TE [19].

2.4. Statistical Analyses

Usual dietary intake of sugars was estimated using the Multiple Source Method, a web-based
tool developed by researchers at the European Prospective Investigation into Cancer and Nutrition
(EPIC) for estimating usual dietary intakes of nutrients and foods consumed by populations and
individuals, available at https://msm.dife.de/. The method is accomplished in three steps which
requires at least two days of dietary measurements on a random subsample of the target population.
First, the probability of nutrient/food intake for each individual is estimated using logistic regression
with random effects (probability model). Second, the usual amount of nutrient/food intake in days
of consumption is estimated using linear regression, also with random effects (quantity model).
Finally, the individual’s usual nutrient/food intake is calculated by multiplying the result of the
probability of nutrient/food intake obtained in the first step with the usual amount of nutrient/food
intake obtained in the second step [30].

Total and added sugar intake were presented as means, standard deviation, percentiles, %TE,
and percentage of carbohydrate contribution (%CHO). The percentage of individuals with excessive
added sugar intake was shown as columns in the figures. Stata software was used to perform these
statistical analyses, and data were stratified by gender, SEL, and age groups, and considered in the
set of the countries assessed in ELANS and individually. The proportions of sugar adequacy were
compared using the Mann-Whitney or Kruskal-Wallis test, after the normality had been tested by the
Skewness and Kurtosis test. The level of significance was established at 5%.

3. Results

The mean total sugar intake for all countries was 99.4 g/day, which accounted for 20.1% of
total energy (%TE) and contributed to 36.7% of the total carbohydrates consumed (Table 1). Of total
sugar intake, 65.9% was coming from added sugar intake, which contributed to 13.2%TE (65.5 g of
added sugar/day; 23.9% of the total carbohydrates; Table 2). Comparing the countries, in absolute
terms (g/day), Argentina, Colombia, and Peru had the highest values of total sugar intake. In these
three countries, as well as Costa Rica and Venezuela, there was a greater contribution of total sugar
intake to the energy intake in relative terms (%TE) compared to the other countries. On the other


https://msm.dife.de/

Nutrients 2018, 10, 389 50f 18

hand, Brazil and Chile had the lowest values of total sugar intake in absolute terms, and Brazil and
Ecuador in relative terms (Table 1). With respect to added sugar intake, the values in Argentina were
considerably higher than the other countries in absolute (g/day) and relative terms (%TE and % of
sugar from total carbohydrates; %CHO), whereas the lowest values were observed in Chile in absolute
terms, and in Ecuador in relative terms (%TE and %CHO) (Table 2).

In general, men had consumed larger amounts of total and added sugar in absolute terms
(mean g/day), a finding that was consistent among the countries when assessed separately (Tables 3
and 4). However, in relative terms, the %TE and %CHO showed that women had the highest values in
all countries with respect to total sugar intake (Table 3) and in most countries with respect to added
sugar intake (Table 4).

Considering the SEL, the total sugar intake in absolute and relative terms of all countries was
greater among individuals in the high strata compared to the others (Table 5); however, there were
no differences in added sugar intake among the strata of SEL (Table 6). When the countries were
considered independently, the profile observed for all countries was maintained for the majority of the
countries (Tables 5 and 6).

According to age groups, total and added sugar intakes showed a decrease with advancing age,
markedly in the absolute terms (Tables 7 and 8). However, when the amount of total sugar intake
was expressed relative to total energy intake (%TE), the differences among age groups were observed
only for Brazil and Chile. For added sugar intake, more countries showed differences, being similar
between groups for Colombia, Ecuador, Peru, and Venezuela (Tables 7 and 8).

As shown by means of %TE from added sugar in Tables 1-8, a high percentage of individuals
had excessive added sugar intake (Figures 1 and 2). Considering the 10%TE recommendation,
approximately 70% of all individuals showed added sugar intake above 10%TE, ranging from 49.1%
in Ecuador to 79.6% in Costa Rica. Considering the stratifications performed (gender, SEL, and age),
minimal differences were observed in relation to the data presented in the tables among the countries
independently (Figure 1). When the 5%TE recommendation was considered, the percentage of
excessive added sugar intake leapt to more than 90%, varying among countries from 90.3% in Brazil to
97.9% in Peru, and again showed only slight differences to the general standard when countries were
analyzed individually (Figure 2).
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Table 1. Total sugar intakes ! in individuals residing in urban areas of Latin American countries; Latin American Health and Nutrition Study (ELANS), 2015.

Total Sugar Intake
Country n g/Day %TE %CHO
Mean  SD P25 P50 2 P75 Mean  SD P25 P50 2 P75 Mean SD P25 P50 2 P75
Argentina 1266 1152 532 75.5 10752 1459 21.1 7.1 16.2 20.8 2 25.5 40.3 10.8 33.3 40.6 2 47.9

Brazil 2000 86.2 39.3 58.5 80.9b 107.4 19.1 6.5 14.6 19.0 b< 23.3 37.0 10.5 30.2 37.4%b 441
Chile 879 84.9 33.9 60.5 80.0P 104.8 19.8 5.6 16.0 19.7P 23.3 36.3 85 30.9 36.6 < 416
Colombia 1230 109.8 344 85.7 105.62 1288 20.9 4.8 17.6 20.72 23.8 38.4 7.1 33.6 385de 431
Costa Rica 798 95.8 39.1 68.3 91.5¢ 116.1 20.7 6.1 16.6 20.62 24.4 35.5 9.1 29.7 354¢ 41.6
Ecuador 800 1024 351 78.4 98.14 120.4 18.7 4.6 15.4 18.6°¢ 21.7 33.8 7.1 29.1 340f 38.5
Peru 1113 106.4 348 82.2 101.82  126.1 20.4 48 16.9 2032 23.5 31.1 7.0 26.3 31.18 36.1
Venezuela 1132 98.8 39.1 70.7 9304 1220 20.7 5.9 16.8 20.82 24.5 38.6 8.9 32.8 389¢ 45.0
All 9218 99.4 41.0 70.9 94.6 121.0 20.1 5.9 16.2 20.0 23.8 36.7 9.4 30.5 36.8 42.8

g/day: grams per day; %TE: % of the total energy intake; %CHO: % of the total carbohydrates; SD: standard deviation; P25: 25th percentile; P50: 50th percentile (median); P75: 75th
percentile. ! Sugar intakes were adjusted by intra-individual variation. 2 Within a column, countries followed by different lower-case letters are significantly different according to
Kruskal-Wallis test (a« = 5%).

Table 2. Added sugar intakes ! in individuals residing in urban areas of Latin American countries; Latin American Health and Nutrition Study (ELANS), 2015.

Added Sugar Intake (from Total Sugar)

Country n g/Day %TE %CHO
Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75
Argentina 1266 91.4 55.2 51.2 8242 122.9 16.4 7.5 11.1 15.72 212 31.0 12.2 22.3 3132 39.7
Brazil 2000 57.6 34.1 32.4 52.4b 76.3 12.6 6.0 8.0 12.2P 16.4 243 10.2 16.9 2420b 31.3
Chile 879 52.3 28.4 31.4 479¢ 68.5 12.0 52 8.3 11.8bc 15.6 22.0 8.7 16.0 219¢ 282
Colombia 1230 59.5 24.1 427 56.6 4 73.5 11.4 4.0 8.7 11.2°¢ 13.8 20.9 6.7 16.4 20.6 ¢d 25.2
Costa Rica 798 68.5 33.6 45.1 64.6 © 85.7 14.7 5.6 10.8 1434 18.2 25.2 8.8 19.5 25.2be 31.3
Ecuador 800 56.2 23.7 392  530bd 68.9 10.3 3.8 7.6 10.0 ¢ 12.2 18.6 6.1 14.4 182 f 225
Peru 1113 70.4 29.9 499 66.5 € 87.6 13.4 45 10.3 13.2f 16.3 20.5 6.7 15.8 20.14 249
Venezuela 1132 67.0 30.6 443 61.7¢ 84.9 14.0 5.1 10.5 13.8 f 17.2 26.2 8.5 20.2 26.0¢ 32.1
All 9218 65.5 36.5 41.1 59.4 82.5 13.2 5.8 9.2 12.6 16.5 23.9 9.7 17.1 23.1 30.0

g/day: grams per day; %TE: % of the total energy intake; %CHO: % of the total carbohydrates; SD: standard deviation; P25: 25th percentile; P50: 50th percentile (median); P75: 75th
percentile. ! Sugar intakes were adjusted by intra-individual variation. 2 Within a column, countries followed by different lower-case letters are significantly different according to
Kruskal-Wallis test (« = 5%).



Nutrients 2018, 10, 389

7 0f 18

Table 3. Total sugar intakes ! in individuals residing in urban areas of Latin American countries, according to gender; Latin American Health and Nutrition Study

(ELANS), 2015.
Total Sugar Intake

Country Gender n g/Day %TE %CHO
Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75
Arcentina Male 573 1269 552 860 12392 1660 205 7.0 158 2062 251 398  11.0 333 4062 472
& Female 693 1056 494 709 977b 1293 216 7.2 165 2112 257 407 106 334 4082 483
Brail Male 942 912 424 611 8542 1143 17.8 6.5 133 1762 218 350 106 281 35223 425
razi Female 1058 818 358 563  782P 1019 20.2 6.4 160  200b 242 388 100 326  39.1P 458
Chil Male 425 943 354 693 9282 1130 192 5.1 156 1923 226 35.5 8.1 305 3572 409
e Female 454 762 298 555  707P 923 20.4 5.9 165  204P 239 37.1 8.8 318 3720 424
Colombi Male 603 1149 376 884 11042 1353  20.1 46 170 1992 230 37.2 7.0 325 3743 417
olombla  pomale 627 1049 303 837 1019 1240 218 48 184  214P 249 39.5 7.0 343  397b 444
Costa Ri Male 394 1043 421 764 10072 1240 195 5.9 154 1932 232 337 9.0 276 3383 397
Osta i€ pemale 404 875 340 637  81.8P 1058  21.8 6.0 179  21.8® 250 37.2 8.8 319 375b 428
Eeuad Male 397 1107 356 882 10692  126.1 18.4 46 152 1832a 209 33.6 7.2 291 3352 384
cuador Female 403 942 327 726  900P 1112 19.0 46 155 1883 221 34.1 6.9 292 3453 385
. Male 523 1133 379 859 10922  135.1 19.5 48 159 1933 227 29.6 7.0 245 2952 349
eru Female 590 1002 307 796  961° 1167 212 47 180  21.1P 242 325 6.7 279  323b 372
v | Male 552 1029 418 728 9642 1269 19.9 5.8 158 1973 237 37.6 8.8 314 3802 439
CNEZUeld  pomale 580 949 359 686  909P 1172 215 5.8 176  21.6P 251 39.6 8.8 343 399b 461
ALl Male 4409 1064 435 760 10172 1297  19.3 5.8 154 1922 229 35.4 9.4 292 3552 415
Female 4809  93.1 374 67.5 89.3P 1128 20.9 5.9 17.0 20.8 b 24.5 37.8 9.2 31.7 37.8 b 43.6

g/day: grams per day; %TE: % of the total energy intake; %CHO: % of the total carbohydrates; SD: standard deviation; P25: 25th percentile; P50: 50th percentile (median); P75: 75th
percentile. ! Sugar intakes were adjusted by intra-individual variation. 2 Within a column, in the same country, gender followed by different lower-case letters are significantly different

according to Mann-Whitney test (x = 5%).
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Table 4. Added sugar intakes ! in individuals residing in urban areas of Latin American countries, according to gender; Latin American Health and Nutrition Study
(ELANS), 2015.

Added Sugar Intake (from Total Sugar)
Country Gender n g/Day %TE %CHO
Mean SD P25 P50 2 P75  Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75
Male 573 104.0 584 62.1 97.12 138.9 16.5 7.3 11.7 16.12 21.6 31.9 12.0 23.7 3234 40.6

Argenti
TBENHNA  peomale 693 809 500 454  702b 1039 163 77 108 1542 209 304 123 211  302b 385
Brail Male 942 618 365 350 5662 825 120 60 7.6 1142 156 234 101 159 2312 301
razi Female 1058 539 313 299  498b 705 13.1 6.1 8.8 13.0° 169 251 101 180  254b 321
Chil Male 425 602 299 388 5602 777 122 48 8.8 11.82 155 25 8.3 169 2272 286
e Female 454 450 248 277  415° 593 11.9 5.5 7.8 11.82 156 215 9.1 154 2132 280
Colombi Male 603 626 262 459 5922 767 110 40 8.2 1082 137 20.4 6.7 155 2022 249
olombla  pomale 627 565 216 408  548P 684 118 40 9.2 115 142 213 6.6 172 21.0b 257
Costa Ri Male 394 756 362 497 7182 937 14.1 5.6 103 1402  17.8 24.4 8.8 18.8 2452 304
ostalica  pemale 404 615 293 413 573b 763 15.3 5.6 11.6 148> 186 26.0 8.7 203  258° 320
Eeuad Male 397 633 249 456 6042 767 106 38 8.0 1022  12.7 19.2 6.2 150 1882 234
cuador Female 403 493 202 357  466P 603 10.0 3.7 7.5 9.7b 11.9 17.9 6.0 137  176b 216
. Male 523 769 332 531 7262 953 132 46 9.9 13.02 162 20.0 6.9 152  19.82 242
eru Female 590 647 252 476 623 794 136 44 106  135° 164 20.9 6.6 163  207b 253
v , Male 552 69.8 323 449 6602  89.6 135 5.0 100 1332 167 25.5 8.5 195 2532 316
ENEZUela  pomale 580 642 286 435 596 800 14.5 5.1 111 144 176 26.8 8.6 212 264° 326
Al Male 4409 714 391 450 6542  89.8 12.8 5.6 8.9 1232 161 23.6 9.6 168  22.82 296

Female 4809  60.1 33.0 37.8 55.1P 75.7 13.4 5.8 9.4 12.8P 16.8 24.2 9.7 17.4 23.4P 30.3

g/day: grams per day; %TE: % of the total energy intake; %CHO: % of the total carbohydrates; SD: standard deviation; P25: 25th percentile; P50: 50th percentile (median); P75: 75th
percentile. ! Sugar intakes were adjusted by intra-individual variation. 2 Within a column, in the same country, gender followed by different lower-case letters are significantly different
according to Mann-Whitney test (x = 5%).
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Table 5. Total sugar intakes ! in individuals residing in urban areas of Latin American countries, according to socioeconomic level; Latin American Health and
Nutrition Study (ELANS), 2015.

Total Sugar Intake
Country SEL n g/Day %TE %CHO
Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75

High 65 1202 521 87.5 11042 149.2 21.6 6.9 17.9 2012 25.5 41.2 10.9 33.7 3959 49.6
Argentina Middle 585 1145 523 74.3 109.6 2 145.1 21.1 6.9 16.4 2112 25.2 40.6 10.8 33.5 4132 48.0
Low 616 1154 543 76.1 105.6 2 1459 21.1 74 16.1 2072 25.8 40.0 10.8 33.0 40.22 47.5

High 169 100.8 447 71.3 9492 119.3 21.2 6.6 16.9 2022 25.1 40.9 9.5 35.6 4062 477
Brazil Middle 915 87.6 36.8 61.3 83.6P 108.6 19.2 6.4 14.7 19.0P 23.7 37.5 10.3 31.0 37.8b 44.8
Low 916 82.2 40.0 544 76.0 102.8 18.5 6.6 13.9 18.3b 22.5 35.8 10.6 28.8 36.5¢ 42.6

High 80 78.3 27.5 57.4 7892 96.5 194 5.0 15.1 19.72 22.7 36.6 8.5 30.8 35.72b 41.3
Chile Middle 388 83.9 31.0 60.6 80.52 102.4 20.1 5.6 16.2 20.02 23.4 37.1 8.7 31.7 3712 42.5
Low 411 87.2 37.3 61.3 7992 107.7 19.7 5.6 16.0 1942 23.4 35.6 8.3 29.9 359°P 40.6

High 67 119.4 35.3 93.0 119.02 140.8 22.0 52 18.9 2052 25.4 411 8.1 36.5 4012 47.8
Colombia Middle 384 110.2 313 87.2 108520 129.9 20.6 4.6 17.5 20.6 2 23.0 38.4 6.6 33.8 38.52b 43.1
Low 779 108.8  35.7 84.8 102.7° 127.1 21.0 4.8 17.5 20.82 24.2 38.1 7.2 33.1 3830 43.0

High 108 100.2 35.8 75.2 100.12 116.8 21.2 57 18.0 21.02b 24.2 374 8.6 324 3692 434
Costa Rica Middle 428 99.2 39.5 72.6 9232 117.3 21.1 59 16.9 21.02 249 36.2 8.8 30.1 36.72 42.5
Low 262 88.6 38.8 60.2 83.8P 110.7 19.9 6.4 15.8 19.7° 233 33.5 9.4 28.4 33.2b 39.0

High 104 113.3 41.0 82.7 10692 130.5 20.3 4.6 16.7 2032 22.8 374 7.2 324 3812 41.8
Ecuador Middle 297 104.0 341 80.7 98.4 &b 120.5 18.7 44 15.5 18.5° 21.2 33.9 6.9 29.2 340P 38.4
Low 399 98.4 33.6 74.7 9470 117.3 18.3 47 15.1 18.2°b 21.6 32.8 6.9 28.0 329b 37.5

High 225 106.2 33.7 84.4 100.8 2 124.6 20.7 47 17.8 2112 23.7 33.0 7.3 28.3 33.62 37.8
Peru Middle 355 107.4 33.9 82.8 104.7 2 128.7 20.7 4.6 17.8 20.4 &P 23.7 31.7 6.5 27.6 316% 36.2
Low 533 1057  36.0 80.6 100.6 2 125.1 20.0 5.0 16.3 19.7°b 23.2 30.0 6.9 25.0 29.8b 349

High 62 115.1 37.6 83.5 111.42 145.1 22.6 5.1 20.0 2202 25.6 41.5 7.0 37.2 4162 46.1
Venezuela Middle 190 102.6 434 72.7 99.4b 122.1 21.0 59 17.4 21.02b 24.3 39.1 8.6 33.5 39.0 2P 46.0
Low 880 96.9 38.0 69.5 91.4P 119.8 20.5 59 16.6 20.5P 24.4 38.3 9.0 32.4 38.6° 44.6

High 880 1054 400  79.2 101.8% 1245 21.0 5.5 17.4 20.6 2 24.0 37.7 8.9 32.0 37.62 43.1
All Middle 3542 99.6 404 71.4 94.7b 121.6 20.2 5.9 16.3 20.1b 23.8 37.1 9.4 31.0 37.12 43.4
Low 4796  98.2 415  69.8 93.1b 119.5 19.9 6.0 15.9 19.7b 23.7 36.1 9.4 29.9 36.2P 422

SEL: socioeconomic level; g/day: grams per day; %TE: % of the total energy intake; %CHO: % of the total carbohydrates; SD: standard deviation; P25: 25th percentile; P50: 50th percentile
(median); P75: 75th percentile. ! Sugar intakes were adjusted by intra-individual variation. 2 Within a column, in the same country, socioeconomic level followed by different lower-case
letters are significantly different according to Kruskal-Wallis test (« = 5%).
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Table 6. Added sugar intakes ! in individuals residing in urban areas of Latin American countries, according to socioeconomic level; Latin American Health and
Nutrition Study (ELANS), 2015.

Added Sugar Intake (from Total Sugar)
Country SEL n g/Day %TE %CHO
Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75

High 65 89.8 52.1 454 8294 126.3 15.8 7.2 10.9 1552 19.9 30.1 12.1 21.1 29479 39.6
Argentina Middle 585 88.3 52.6 46.1 81.22 121.7 159 7.5 10.4 1552 20.7 30.3 12.6 20.8 31.0° 39.3
Low 616 94.5 57.7 56.4 8252 124.3 16.9 7.5 11.7 1622 21.6 31.8 11.8 23.6 3152 39.9

High 169 66.6 40.7 35.3 62.12 85.1 13.6 6.7 8.2 13.72 16.9 26.0 10.6 18.4 2562 329

Brazil Middle 915 58.4 32.6 34.0 5294 79.1 12.7 6.0 8.0 12.22b 16.6 24.6 10.4 16.9 24.82b 32.0
Low 916 55.2 33.9 30.1 50.0b 70.6 12.3 59 8.0 11.9b 159 23.6 9.8 16.6 235b 30.0

High 80 46.4 22.0 31.1 46.22b 60.5 114 44 8.4 11.02 14.6 21.4 7.7 16.9 2112 26.5

Chile Middle 388 49.8 26.1 30.5 46.52 64.6 11.8 52 8.2 1152 15.1 21.7 8.7 15.6 2162 28.0
Low 411 55.9 31.1 32.2 51.6° 74.7 12.4 54 8.4 1242 16.1 224 8.8 16.2 2272 28.5

High 67 61.9 25.5 452 59.62 76.9 114 44 8.7 1052 14.0 21.1 7.1 16.6 20.6° 25.5

Colombia Middle 384 59.1 225 42.0 56.9 2 73.7 11.1 37 8.4 11.02 13.6 20.6 6.5 16.0 2052 25.0
Low 779 59.5 24.8 42.8 56.42 72.7 11.6 41 8.9 1132 13.9 20.9 6.7 16.5 20.7 2 252

High 108 69.9 33.1 48.0 65.4 2b 87.4 14.6 52 115 14.02 17.7 25.8 8.6 20.7 2524 31.6
Costa Rica Middle 428 70.6 33.6 46.2 66.02 88.7 14.9 54 10.9 1452 18.3 25.6 8.5 19.6 2552 314
Low 262 64.5 33.7 40.7 59.4 P 81.4 14.5 6.1 10.6 1432 18.5 24.3 9.3 18.5 2439 30.5

High 104 60.2 29.8 38.9 5492 76.0 10.6 41 7.5 10.32 124 19.6 6.8 14.7 1952 23.2

Ecuador Middle 297 57.1 221 422 5392 69.6 10.2 3.3 7.8 1022 12.2 18.6 5.6 14.7 18472 22.6
Low 399 54.6 23.1 37.8 5192 67.3 10.2 3.9 7.5 9.72 12.2 18.3 6.3 13.9 17.72 219

High 225 68.8 30.9 49.8 65.7 2 85.2 13.2 4.6 10.1 13479 16.2 21.0 74 16.2 2122 259

Peru Middle 355 72.4 30.5 51.4 69.12 88.6 13.8 4.5 10.7 1352 16.7 21.2 6.6 16.4 21.0° 26.0

Low 533 69.8 29.0 49.1 66.3 2 88.1 13.2 45 10.1 13.02 159 19.8 6.5 155 19.5b 24.0

High 62 74.9 29.9 51.0 7212 99.2 14.6 4.5 11.3 14.62 17.5 26.7 7.0 22.0 2724 30.9
Venezuela Middle 190 69.4 329 443 65.3 ab 89.0 14.2 53 10.8 1422 17.0 26.5 8.6 21.2 2592 322
Low 880 65.9 30.0 43.9 60.3P 84.2 13.9 51 10.4 13.72 17.3 26.1 8.6 20.0 2594 32.1

High 880 66.9 35.2 43.6 62.62 84.4 13.1 5.5 9.4 1292 16.4 23.5 9.1 17.1 2282 29.2
All Middle 3542 65.8 36.5 40.9 59.9 2 83.9 13.2 5.9 9.0 12.6 2 16.6 24.2 9.9 17.1 2342 30.4
Low 4796 65.0 36.7 40.9 58.82 81.2 13.1 5.7 9.2 1262 16.4 23.7 9.6 17.1 2292 29.7

SEL: socioeconomic level; g/day: grams per day; %TE: % of the total energy intake; %CHO: % of the total carbohydrates; SD: standard deviation; P25: 25th percentile; P50: 50th percentile
(median); P75: 75th percentile. ! Sugar intakes were adjusted by intra-individual variation. 2 Within a column, in the same country, socioeconomic level followed by different lower-case
letters are significantly different according to Kruskal-Wallis test (« = 5%).
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Table 7. Total sugar intakes ! in individuals residing in urban areas of Latin American countries, according to age groups; Latin American Health and Nutrition Study

(ELANS), 2015.

Age Group

Total Sugar Intake

C()untry Y n g/Day %TE %CHO
‘ears)
Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75
15-19 152 1311 522 931  1284% 1666 219 63 177 2117 261 418 92 348 4152 48.1
Argentina 20-34 446 1209 540 814 1103 1516 217 69 168 2142 255 413 104 353 4162 47.8
35-49 379 1126 546 715 1062 1405 208 74 155 2073 254 398 112 320 40130 482
5065 289 1016 469 672 934 1297 202 74 153 2017 2438 386 113 309 39.4P 469
15-19 235 1041 454 721 9952 1269 205 57 167 2012 239 392 92 330 3932 447
Bragil 20-34 745 901 401 633 861b 1116 190 65 147  188P 231 369 103 304 3730 439
35-49 608 834 369 574 78.1°¢ 104.6 189 6.7 14.1 18.8P 23.4 36.9 109 293 37.4° 44.1
5065 412 732 320 508 69.64 923 186 69 136 184> 229 360 106 295 36.7° 436
15-19 118 954 310 732 9453 1087 214 45 187 2172 245 386 70 339 39.32 126
Chile 20-34 307 903 362 655 8672 1099 200 55 165  200° 235 368 86 318 3712 423
35-49 252 816 334 595 7530 98.3 192 57 155  189P 223 358 88 301 3500 413
50-65 202 748 290 526 69.0° 932 192 58 150  190b 229 350 87 292 35.1P 404
15-19 148 1180 352 9.4 11433 1367 210 48 177 2073 239 390 69 351 39.02 07
Colombia 20-34 445 1111 327 877  107.0* 1320 207 47 175  203% 235 386 69 337 3852 431
35-49 335 1087 319 854  1051b¢ 1264 211 49 176  208% 242 382 72 331 3852 433
50-65 302 1050 382 784  101.3° 1237 211 49 179 2092 239 379 74 328 37942 429
15-19 121 1020 358 744  9743b 1246 212 58 171 2123 249 364 93 304 36.02 433
Costa Rica 20-34 301 1020 402 731 9932 1224 203 61 165 2027 238 358 93 300 3562 422
35-49 24 945 424 653 871b 1120 208 60 166 2062 246 350 86 290 3522 39.9
50-65 152 805 286 602 77.4°¢ 97.8 208 62 169 2092 236 348 93 296 3432 40.6
15-19 128 1057 349 807 10282 1222 188 46 154 1883 218 338 70 291 3412 38.8
20-34 316 1064 352 832  101.8@ 1228 183 44 153  181% 212 335 68 294 3392 38.0
Ecuador 35-49 222 1000 340 747 968> 1174 188 48 154 1862 220 340 74 289 3402 389
50-65 134 939 355 676 912% 1091 192 48 157 1882 219 341 72 290 3452 383
15-19 165 1104 370 844 1043 1298 202 46 163 2017 231 307 67 258 3092 352
20-34 460 1092 331 87 10592 1296 202 47 169  201° 233 312 69 263 31.02 36.0
Peru 35-49 294 1041 363 786 1006 1241 203 49 168 2042 236 309 71 261 3112 363
5065 194 997 337 753 96b 1176 210 51 175 2072 245 317 72 265 3142 369
15-19 156 1048 403 767 9772 1316 203 57 164 1993 243 387 85 326 3932 4438
20-34 459 1029 413 714 9802 1273 208 58 168  21.0° 243 390 88 332 3922 455
Venezuela 35-49 313 949 363 694 904 1165 206 58 168 2083 245 382 89 331 3872 445
5065 204 911 356 662 8545 1125 209 61 171 2073 2438 381 91 317 3812 436
15-19 1223 1092 414 799 10342 1311 207 54 169 2033 242 374 88 317 3742 432
Al 20-34 3479 1035 412 758 990 1251 201 58 163 200" 236 368 93 307 368 429
35-49 2627 967 407 683 91.6¢ 1179 200 61 159 19.8° 238 365 9.6 300 36.4°P 428
50-65 1889  89.5 381 627 8414 1104 200 62 160 200> 238 361 95 300 36.3° 422

g/day: grams per day; %TE: % of the total energy intake; %CHO: % of the total carbohydrates; SD: standard deviation; P25: 25th percentile; P50: 50th percentile (median); P75: 75th
percentile. I Sugar intakes were adjusted by intra-individual variation. > Within a column, in the same country, age group followed by different lower-case letters are significantly different

according to Kruskal-Wallis test (« = 5%).
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Table 8. Added sugar intakes ! in individuals residing in urban areas of Latin American countries, according to age groups; Latin American Health and Nutrition

Study (ELANS), 2015.
Added Sugar Intake (from Total Sugar)
Age Group o o,

Country (Years) n g/Day %TE %CHO
Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75 Mean SD P25 P50 2 P75
15-19 152 1069 485  67.0 9.12 1378 178 62 136 17.02 219 338 95 272 3232 402
Argentina 20-34 446 982 537 581  89.42b 1284 174 75 125 1692 217 329 120 258 3302 408
35-49 379 908 618 473 812 1178 163 78 103 1542 214 308 125 213 3132 39.8
5065 289 735 463 378 63.7°¢ 99.5 143 74 85 134b 195 270 123 172 257b 363
15-19 235 742 392 472 6622 9.6 145 57 105 1442 180 276 95 213 27523 338
Bragil 20-34 745 623 343 373 5820 82.2 131 59 89 128 167 253 99 184 251b 317
razt 3549 608 555 319 313 502°¢ 735 125 61 7.8 1220 164 242 102 161 2430 31.6
50-65 412 427 267 27 3684 58.1 107 59 6.4 10.0°¢ 145 206 100 132 203°¢ 27.6
15-19 118 582 256 411 5532 747 129 44 101 12,62 159 232 73 188 2352 285
Chil 20-34 307 573 311 341 5112 777 125 53 8.4 1212 162 229 89 161 23.02 295
ne 3549 252 509 279 310 469" 63.9 119 53 84 11420 148 221 88 162 2142 274
50-65 202 432 236 248 406° 56.9 1.0 52 6.9 11.0° 147 199 87 133 201" 267
15-19 148 650 263 483 6242 797 116 42 9.0 1142 139 215 68 170 222 26.0
Colombi 20-34 445 602 222 440 586> 739 113 38 8.8 1112 136 211 64 171 2072 252
olombia 35-49 335 589 238 434  546bPc 739 114 41 85 11.22 139 207 68 158 2032 25.1
50-65 302 564 257 393 54.8°¢ 69.8 114 42 8.6 11.22 138 204 68 162 2022 247
15-19 121 750 313 519 7212 91.8 156 54 113 1512 192 266 84 200 2662 32.8
Costa Ri 20-34 301 734 334 493 6932 927 146 55 106 144> 181 257 88 203 2592 31.6
osta Rica 35-49 24 688 369 442 6472 822 151 57 112 146> 184 253 85 191  2522b 308
50-65 152 532 255 356 50.5P 69.4 13.7 5.8 9.7 132°P 17.1 22.9 9.0 17.5 22.7b 28.6
15-19 128 596 214 453 5592 68.9 108 38 85 1022 12.3 193 60 151 1853 227
Eeund 20-34 316 607 243 437 57.12 73.1 105 35 7.9 10.32 12.2 191 58 150 19.12 26
cuador 35-49 22 529 223 365 51.0P 63.7 100 37 74 972 12.1 180 62 137 1732 216
50-65 134 481 241 319 4310 60.6 9.8 42 6.6 932 12.2 174 68 120 169° 25
15-19 165 741 283 538 6752 89.4 136 42 107 1312 160 207 64 162 2032 252
b 20-34 460 729 285 528 7092 89.2 135 43 104 1332 162 208 66 163 2032 25.0
eru 35-49 294 688 326 474  6492P 858 132 48 9.9 1312 164 201 69 155 2012 246
50-65 194 638 292 449 60.2° 80.1 133 48 100 1342 164 200 70 152 19.82 253
15-19 156 722 300 513 6622 913 141 45 109 13.82 172 268 75 214 2662 326
v ) 20-34 459 713 328 453 6752 929 144 53 109 1432 178 270 87 210 2712 329
enezuela 35-49 313 633 284 433 58.8b 78.0 138 5.1 10.3 1352 17.1 25.6 8.8 193 2513k 317
50-65 204 588 265 414 542b 732 136 51 101 1312 167 246 83 190 238" 295
15-19 1223 739 359  49.9 6642 91.2 139 53 102 1332 171 252 9.0 188 2442 31.2
All 20-34 3479  69.6 363 447  642b 877 135 57 9.5 13.0° 168 246 96 179 2382 30.7
35-49 2627 639 382 396 57.0°¢€ 79.5 131 59 8.9 12.5¢ 165 238 99 168 22.8 29.9
50-65 1889 548 319 325 50.14 69.3 121 57 8.0 1174 155 218 95 152 213°¢ 27.6

g/day: grams per day; %TE: % of the total energy intake; %CHO: % of the total carbohydrates; SD: standard deviation; P25: 25th percentile; P50: 50th percentile (median); P75: 75th
percentile. ! Sugar intakes were adjusted by intra-individual variation. > Within a column, in the same country, age group followed by different lower-case letters are significantly different

according to Kruskal-Wallis test (a = 5%).
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Figure 1. Percentages of individuals with added sugar intake up to 10% of the total energy intake
among Latin American countries, according to gender, socioeconomic level, and age ranges; Latin
American Health and Nutrition Study (ELANS), 2015.

Figure 2. Cont.
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Figure 2. Percentages of individuals with added sugar intake up to 5% of the total energy intake among
Latin American countries, according to gender, socioeconomic level, and age ranges; Latin American
Health and Nutrition Study (ELANS), 2015.

4. Discussion

This is the first multinational nutrition survey of a representative sample of Latin American
countries. It showed a considerable percentage of individuals with a high intake of total and, mainly,
added sugar in the countries assessed in ELANS. In addition, in most countries assessed, total sugar
intake, in particular, has been influenced by gender, SEL and age.

Sugars occur naturally in foods and is one source of calories which provide energy for
the bodily functions [6]. Mainly added sugars overconsumption is frequently associated with
reduced diet quality [31-33], and it has an important pathophysiological role, predisposing
to critical cardiometabolic effects, including weight gain, diabetes, and cardiovascular disease
outcomes [17,34-37] which negatively impact on the prevalence of disease and mortality,
disability-adjusted life years and costs averted [38]. Although some countries have shown that
sugar intake is decreasing [4-7], the total amounts consumed are still high considering the current
recommendations, as demonstrated in the present study. There is a discussion about which type of
sugar is unhealthier, intrinsic or added sugars [39-41], and for this reason its consumption should be
used as a sentinel, or if the concern should not be sugar itself but the set of unbalanced factors associated
with high sugar intake [39,40,42] is an important reason why sugar intake should be monitored.

On the other hand, an absence of a standardized global definition for added and free sugars ends
up failing on recommendations for sugar intake and makes it difficult to compare the intake of sugars
among the studies. Some countries and societies have suggested several recommendations based on
their own definition for added/free sugar; however, the WHO’s recommendations are the most widely
used, and for this reason we opted to use it. Furthermore, Latin American countries do not have a
quantitative recommendation for total or added sugar intakes. WHO’s recommendation for free sugar
is relied upon in terms of the effects triggered in adults and children from reduced and increased free
sugar intake [36].

Despite the problem of non-standardization, among the countries assessed in ELANS, Argentina
was shown to be most vulnerable to high sugar intakes, obtaining the highest values (absolute and
relative) compared to the other countries assessed in ELANS [6,7,9] as well as the US adult
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population [12,43] that is known to have markedly high sugars diets. The other countries assessed in
ELANS presented absolute and relative values of sugars intake that, on average, are similar to those
observed in the other countries.

These observations highlight the importance of understanding what is different in Argentina.
Perhaps the food that contributes to sugar intake may be the answer. Analysis of sugars contributors is
already being done and will be presented in another manuscript in a close future. On the other hand,
particular characteristics of the population, such as an affinity for sweet taste, and food environment
can have an influence in this [3]. It is known that the culture of sugar consumption in Latin American
countries is not a novel tendency but a historical fact having been passed on over the generations,
and possibly more strongly in Argentina. In addition, factors such as the composition of gut microbiota
should be considered, as it has been demonstrated that bacterial composition may exert an influence
on the host’s eating behavior by mechanisms independent of taste and flavor which can predispose to
craving for sugar foods, for example [44].

When the prevalence high sugar intake by individuals was assessed, Brazil and Chile showed the
lowest and Argentina the highest for added sugar only. The high prevalence was maintained only for
total sugar. For other perspectives, Argentina basically presented the same behavior when the sample
of the countries assessed in ELANS was stratified by some factors.

In present study, as demonstrated elsewhere [7,9,23,24], in absolute terms men showed higher
sugar intakes than women; however, in relative terms this observation was the opposite, which reflects
the greater energy intake by men inherent in their constitution that demands greater energy needs.
In contrast, higher relative values in women demonstrate that they are consuming a more nutritionally
unbalanced diet, at least as far as sugar intake is concerned, and it is still shown in studies investigating
sugar-intake trends that the decline in sugar intake is lower in women compared to men [7,9].

Further, in present study when it is observed the total of the countries the difference in SEL were
observed only for total sugar intake, being the higher intake observed among those with the highest
socioeconomic strata. This finding was the opposite seen in US adults studied by Park et al. [23].
This can reflect different tax incentives to decrease added sugar consumption, which permits the
acquisition of items that have more sugar by individuals of distinct SEL. Nevertheless, this hypothesis
cannot be automatically generalized to Latin American countries. Sugar sources of added sugar in
Latin America could be part of regional foods; however, this should be investigated in future studies.

With respect to the influence of age, following the trend observed in other studies [8,23,24,43],
younger individuals were seen to be more vulnerable to higher total and added sugars intake, whose
consumption decreased over their lifespan. This can be explained by their immaturity in the choice of
their foods, and largely by influence of advertisements. The study of food sources might lend greater
insights about these findings and provide clear answers to propose a prudent strategy to promote
health benefits for the groups that should be monitored more closely.

It is important to emphasize that the WHO’s recommendation was established for free sugar
intake [19]; however, due to the difficulty in quantifying it, this recommendation is used as a reference
for added sugar, as used in the present study, and recognized as a limitation. Additionally, it is
necessary to recognize that the evaluation of dietary intake is subject to random and systematic errors,
despite the care taken to minimize them, as presented elsewhere [26,28], and of the adjustment for
intra-individual variation. Nevertheless, despite these limitations, the present study provides useful
information to be used to develop public policies that may help in healthier food intake and improved
quality of life.

5. Conclusions

Total and added sugar intakes were consumed in large quantities in Latin American countries,
and seem to present a similar pattern among gender, SEL, and age group strata, with minimal
differences in some countries. The peculiarities of each country studied should be taken into
consideration in the health interventions proposals.
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