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Abstract: The study aimed to describe the use of table sugar and artificial sweeteners (AS) in Brazil.
A representative sample (n = 32,749) of individuals aged > 10 years was examined from the Brazilian
National Dietary Survey (2008–2009). Participants reported whether they use table sugar, AS, both,
or none as sweeteners for their foods and beverages. Energy intake and the contribution of selected
food groups to energy intake were evaluated according to the type of sweetener reported. Sample
weights and design effects were considered in the analysis. The majority of the population (85.7%)
used sugar to sweeten foods and beverages, 7.6% used AS, and 5.1% utilized both products. The use
of AS was more frequent among the elderly (20%), women (10% versus 5.5%), overweight individuals
(10% versus 6%), those who live in urban areas (8.5% versus 3%), and those who belong to the highest
income quartile (14% versus 1.6%), compared with men, normal weight individuals, those who live
in rural areas, and those who belong to the first income quartile, respectively. Overall, the mean daily
energy intake of individuals using only sugar was approximately 16% higher than those who used
AS exclusively. The contribution of staple foods to daily energy intake was higher in individuals who
used sugar than those who used AS.
Keywords: Keywords: sugar; artificial sweeteners; survey; food consumption; energy intake

1. Introduction
The consumption of sugars and artificial sweetener (AS) and their effects on health have been
widely studied [1,2]. However, information on the use of these products is still limited at national
levels, as shown in a systematic review that revealed that only nine countries evaluated the intake of
sweeteners in nationally representative dietary studies [3].
The most common sugars in our diet are monosaccharides (glucose, fructose, and galactose) and
disaccharides (lactose, maltose, and sucrose), and a major source of dietary sugar is table sugar from
drinks and other foods. Table sugar consists mainly of sucrose, and is obtained by industrial processes,
usually from sugar cane (Saccharum officinarum L.) or from beet (Beta alba L.) [4].
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According to Popkin and Nielsen [5], the use of sugars has increased worldwide. Analyzing data
from 103 countries, the authors conclude that between 1962 and 2000, the intake of caloric sweeteners
increased by 74 kcal a day, which means a 15% increase in contribution of these products to total
caloric intake (from 9.5% to 10.9%). In Brazil, the first National Dietary Survey, which was conducted
in 2008–2009, indicated that on average, total sugars represented 11.4% of the total energy intake of
individuals aged >10 years [6], and that 61% of the population consumed more than >10% free sugars
for their total energy intake [7], which is the limit recommended by the World Health Organization
(WHO) [8].
The harmful consequences of sugars on health were pointed out by Lustig et al. [9], including
the development of metabolic syndrome components such as hypertension, high serum triglycerides,
and insulin resistance, and alterations on ghrelin, leptin, and dopamine, compelling individuals to eat
more. Moreover, sugars can accelerate the aging process by damaging deoxyribonucleic acid (DNA),
and specifically fructose has been known to alter the liver function similarly to alcohol [9]. In addition,
according to the WHO, increased sugar intake may be related to unhealthy diet and weight gain.
Another concern is the association between sugar intake and dental caries [8].
Parallel to the increase of sugar consumption, in recent years, the use of AS has also increased [10].
AS are naturally occurring or artificially generated substances that have a higher sweetening capacity
than sugar, and zero or close to zero caloric content [11]. Some of the most commonly used AS are
saccharin, cyclamate, aspartame, acesulfame, stevioside, and sucralose. These sweeteners are used in
many products, mostly beverages, yogurts, candies, desserts, and gum; frequently, a blend of AS or
a blend of sugar plus AS are used to make products’ flavor more acceptable [2].
Thus, artificial sweeteners emerged as an alternative for diabetics; however, they became
commonly used for weight loss along with the growth of diet programs for weight loss in the
American population, especially women. In the 1950s, the advertising of sweeteners manufacturers
and industrial production of food and beverages associated with these products also increased [10].
In Brazil, information on the evolution of AS consumption and its use is limited. However, it is possible
that the same process that is occurring in countries such as the United States [12–14] is also present in
this country.
A population-based study evaluated the use of AS in adults (>20 years) in a city in southern Brazil,
and revealed that the prevalence of AS use was 19%, which was almost four times higher among the
elderly (≥60 years old) than among 20–29-year-old individuals (32.0% versus 8.7%) [15]. In the United
States, Mattes and Popkin [16] examined the food and beverage consumption with AS from 1965 to
2004, and observed that the proportion of individuals (≥2 years) who consumed at least one product
with AS increased from 3% in 1965 to 15% in 2003–2004. These authors observed that the increase
in AS products was not followed by a decrease in beverages and foods added with sugar. This fact
addresses the question on the compensatory energy intake related to AS, either because one feels that
a low-calorie beverage or food enables eating more calories, or due to changes in the appetite/hunger
control [2]. The adverse contributions of AS on health have also been the focus of a number of studies;
however, according to Gardner et al. [2], the results are not sufficient to conclude whether AS can
be considered as a beneficial factor on appetite, energy balance, body weight, or cardiometabolic
risk factors.
The standard recommendations on the use of AS have not been established yet; however, there are
indications on intake levels that are considered safe, which varies depending on the type of AS [17].
Nevertheless, the American Academy of Nutrition and Dietetics adopts the position that the use of
AS, as well as sugars, is safe so long as consumers maintain an eating plan that is consistent with the
Dietary Guidelines for Americans [18]. However, most of the Americans do not follow such an eating
pattern, but commonly follow a Western diet, in which the use of AS to substitute sugar may not be
a healthy option [19].
Considering the relevance of characterizing and monitoring the consumption of sugars and
AS, the present study aimed to evaluate the use of table sugar and AS in the Brazilian population,
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and evaluate the variations in daily energy intake and diet composition according to the type of
sweetener added in beverages and food. Additionally, a detailed characterization of this consumption
in the population (according to sex, age group, weight status, geographical region, and income)
contributes to understand Brazilians’ behavior in sweetening foods and beverages.
2. Materials and Methods
We used data from the first Brazilian National Dietary Survey, which was conducted along
with the 2008–2009 Household Budget Survey developed by the Brazilian Institute of Geography
and Statistics (in Portuguese: Instituto Brasileiro de Geografia e Estatística). The dietary survey was
conducted in a subsample of households included in the budget survey, which comprised a total of
34,003 individuals aged ≥ 10 years [7]. In this study, pregnant and lactating women were excluded
(n = 1254) because they might have temporarily altered their eating habits. Therefore, a total of
32,749 individuals were analyzed.
To identify the type of sweetener consumed by the Brazilian population, we used a separate
question from the Brazilian National Dietary Survey about sugar and AS consumption. Individuals
were asked what sweetener they most commonly used to sweeten foods (solids or liquids), using the
following four answer options: “sugar”, “AS”, “sugar and AS”, or “none of these two substances”,
The question asked to the participants was "What do you often use to sweeten the foods (solids or
liquids) you consume: “sugar”, “artificial sweeteners”, “sugar and artificial sweeteners”, or “do not
use either” [7].
Dietary intake was evaluated during the 12-month research period in a way that all of the
geographic and socioeconomic strata were considered in the four quarters. Dietary intake was
estimated based on dietary records, and individuals were instructed to record all of the foods and
beverages (except water) that they consumed in two non-consecutive days, including the amount
(portion sizes or volume measurements), time, and place (at home or away from home) [7]. In this
study, data from the first day of the food record was analyzed.
Energy intake was estimated based on the food composition database compiled for the Brazilian
dietary survey [20]. The foods cited in the food records were categorized into 58 food groups according
to their nutritional characteristics and use in the diet [6]. In order to assess the differences in food
intake according to the product used to sweeten food, only the food subsets reported by at least 10% of
the population (20 subgroups) were considered.
The prevalence of using table sweetener (table sugar, AS, sugar and AS, none of these two
substances) was estimated according to the total population and in the following strata: sex, age group
(adolescents, 10–19 years; adults, 20–59 years; and elderly, ≥60 years), macroregions (north, northeast,
southeast, south, and midwest), urban or rural areas, per capita family income (estimated from the
total household income divided by the number of household members) categorized into quartiles,
and weight status evaluated using body mass index (BMI = weight/height2 ), using the WHO criteria
(adolescents were classified as overweight if z-scores of BMI were >+1 of the reference distribution [21];
adults were overweight if the BMI was ≥25 kg/m2 [22]); and elderly were considered overweight if
the BMI was ≥27 kg/m2 [23].
The variations in energy intake and caloric contribution (%) of food groups to daily energy intake
according to the use of sweetener among the population strata were estimated using generalized
linear models (GLM) developed in the Complex Sample module (SPSS, IBM, Armonk, NY, USA),
with the Bonferroni correction when comparing the products used to sweeten foods and beverages.
Homogeneity in the categorical variables according to the population strata were evaluated using
the chi-square test. Sample weights and design effects were considered in the analysis. Data were
analyzed using the Statistical Package for Social Sciences (SPSS, version 19, IBM, Armonk, NY, USA).
The research protocol was approved by the Ethics Committee of the Institute of Social Medicine
at the State University of Rio de Janeiro (CAAE 0011.0.259.000-11) on 19 July 2011. All subjects gave
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their informed consent for inclusion before they participated in the study. The study was conducted in
accordance with the Declaration of Helsinki.
3. Results
In this study, 64.6% of the sample were adults, 49.9% were females, and 43.2% lived in the
southeastern region. The proportion of overweight or obese individuals reached 41.8%. Overall,
the most commonly used product to sweeten foods and beverages was sugar, which was reported by
85.7% of the population, with 5.1% using both sugar and AS. The use of sugar decreased with age,
and was slightly more frequent in men than in women (89.4% versus 82.0%), and in rural than in urban
areas (93.3% versus 84.2%). The exclusive use of sugar decreased as the per capita income increased,
as observed in 96.0% of individuals belonging to families in the lowest income quartile compared to
74.1% in the highest income quartile. The use of sugar was less frequent in the south and southeast
regions than in other regions (Table 1).
The exclusive use of AS was reported by 7.6% of the population, and in contrast with the use
of sugar, it increased with age (adolescent, 1.9%; adult, 6.9%; elderly, 19.9%); was more frequent in
women compared with men (10.0% versus 5.5%), overweight/obese individuals compared with those
with normal weight (10% versus 6%), urban compared with rural areas (8.5% versus 3%); and was
three times less common in the north (2.9%) than in the south and southeast (9.5% in both) areas,
and nine times lower in individuals belonging to the first quartile of income (1.6%) compared with the
highest quartile (14.0%) (Table 1).
In all of the population strata analyzed, the mean daily energy intake of individuals who used
sugar only was approximately 16% higher than those who used AS only, except in the midwest. In this
region, no difference was observed in the mean daily energy intake between individuals who used
sugar or AS. Among those who reported using both sugar and AS, the average daily energy intake was
approximately 6% lower than those who used sugar only (1832 kcal versus 1955 kcal). The average
daily energy intake of those who reported not using sugar or AS (1770 kcal) was 10% lower than those
who used sugar only (Table 2).
The contribution to daily energy intake was higher for individuals who reported using sugar
when compared with those who used AS for rice (14.9% versus 12.2%), beans (10.7% versus 7.8%),
coffee and tea (6.9% versus 2.6%), fruit juices (4.8% versus 3.5%), sweets and desserts (5.0% versus
4.0%), roots and tubers (3.9% versus 3.3%), sugar-sweetened beverages (2.3% versus 1.6%), and eggs
(1.5% versus 0.7%). On the other hand, individuals who used sugar had a lower contribution to daily
energy intake when compared with those who used AS for fruit (2.7% versus 5.5%), bread (8.6% versus
10.8%), cheese (0.9% versus 2.5%), poultry (4.7% versus 6.2%), snacks and chips (1.8% versus 2.8%),
and vegetables (0.5% versus 1.0%). Individuals who reported not using sugar or AS presented a higher
percentage contribution to the daily energy intake for fruits (6.2%) than those who used sugar, AS,
or both (Table 3).
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Table 1. Sample size and weighted prevalence of sweetener use. Brazil, National Dietary Survey 2008–2009.
Prevalence of Use (% (95% CI)) *
Characteristics

Sample Size (%)

Total (n = 32,749)

Sugar

Artificial Sweeteners

Sugar and
Artificial Sweeteners

Neither Sugar nor
Artificial Sweetener

-

85.7 (84.7; 86.6)

7.6 (6.9; 8.3)

5.1 (4.6; 5.8)

1.6 (1.3; 1.9)

Age group
Adolescents
Adults
Elderly

21.6
64.6
13.8

94.9 (93.9; 95.8)
86.1 (85.0; 87.1)
69.3 (66.3; 72.2)

1.9 (1.3; 2.6)
6.9 (6.2; 7.7)
19.9 (17.6; 22.4)

1.9 (1.4; 2.4)
5.5 (4.8; 6.2)
8.7 (6.8; 11.1)

1.3 (0.9; 2.0)
1.5 (1.2; 1.9)
2.0 (1.4; 3.0)

Sex
Female
Male

49.9
50.1

82.0 (80.7; 83.2)
89.4 (88.4; 90.4)

9.7 (8.8; 10.6)
5.5 (4.8; 6.4)

6.5 (5.8; 7.3)
3.8 (3.2; 4.4)

1.9 (1.5; 2.3)
1.3 (0.9; 1.7)

Weight status
No excess weight
Overweight or obese **

58.2
41.8

88.5 (87.4; 89.5)
81.8 (80.4; 83.1)

5.9 (5.1; 6.7)
10.0 (9.0; 11.1)

4.3 (3.7; 4.9)
6.4 (5.6; 7.3)

1.4 (1.1; 1.8)
1.8 (1.4; 2.3)

Place of domicile
Urban
Rural

83.6
16.4

84.2 (83.1; 85.3)
93.3 (91.5; 94.7)

8.5 (7.7; 9.4)
3.0 (2.4; 3.6)

5.6 (5.0; 6.3)
2.8 (1.7; 4.5)

1.7 (1.4; 2.0)
0.9 (0.4; 1.9)

Regions of Brazil
North
Northeast
Southeast
South
Midwest

7.5
27.3
43.2
14.8
7.2

91.7 (89.8; 93.3)
90.6 (89.5; 91.6)
82.7 (80.8; 84.5)
81.2 (78.5; 83.5)
87.9 (85.2; 90.1)

2.9 (2.2; 3.7)
5.8 (5.1; 6.6)
9.5 (8.2; 10.9)
9.5 (7.8; 11.4)
4.5 (3.3; 6.1)

3.7 (2.7; 5.2)
3.1 (2.6; 3.7)
6.3 (5.3; 7.5)
6.0 (4.5; 7.8)
5.8 (4.6; 7.4)

1.7 (1.1; 2.6)
0.5 (0.3; 0.7)
1.5 (1.1; 2.2)
3.4 (2.6; 4.5)
1.8 (1.0; 3.2)

Quartile of income
1st
2nd
3rd
4th

24.3
25.0
25.3
25.4

96.0 (94.9; 96.8)
92.9 (91.7; 93.9)
86.7 (85.1; 88.2)
74.1 (71.9; 76.2)

1.6 (1.1; 2.2)
3.5 (2.8; 4.8)
7.4 (6.3; 8.6)
14.0 (12.5; 15.8)

1.3 (0.9; 1.8)
2.5 (1.9; 3.1)
4.8 (3.9; 6.0)
9.4 (8.2; 10.9)

1.2 (0.6; 2.1)
1.2 (0.8; 1.9)
1.1 (0.7; 1.6)
2.4 (1.8; 3.0)

* CI 95%—Confidence Intervals 95%. ** Overweight or obese: Adolescents—z-scores of BMI above +1 of the reference distribution; Adults—BMI ≥ 25kg/m2 ; Elderly—BMI ≥ 27 kg/m2 .
BMI: body mass index. 1st, 2nd, 3rd, 4th: the first, second, third and fourth quartiles of income.
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Table 2. Daily energy intake according to the type of sweetener. Brazil, National Dietary Survey 2008–2009.
Total Daily Intake of Energy (kcal)
Characteristics
Total

Sugar
1955

a

Artificial Sweeteners
1636

b

Sugar and Artificial Sweeteners
1832

c

Neither Sugar nor Artificial Sweetener
1770 b,c

Sex
Female
Male

1740 a
2154 a

1530 b
1821 b

1724 a,
2020 a

1514 c
2150 a

Age group
Adolescents
Adults
Elderly

2066 a
1963 a
1672 a

1750 b
1676 b,c,d
1554 b,c,d

2029 a,b
1872 a
1649 a,c

2014 a,b
1815 a,c,d
1360 c

Weight status
No excess of overweight
Overweight or obese (BMI ≥ 25 kg/m2 )

1954 a
1957 a

1624 b,d
1646 b,c

1810 c,e
1853 a

1783 d,e
1756 a,c

Place of domicile
Urban
Rural

1956 a
1955 a

1635 b,e
1652 b

1824 c
1919 a

1789 c,d,e
1589 b

Regions of Brazil
North
Northeast
Southeast
South
Midwest

2148 a
1916 a
1954 a
1963 a
1897 a

1811 b
1602 b,c
1636 b
1587 b
1901 a

2088 a,b
1929 a
1803 c,d
1808 b
1706 b

1805 b
1524 c
1923 a,d
1556 b,c
2038 a

Quartile of income
1st
2nd
3rd
4th

1805 a
1945 a
1969 a
2063 a

1474 b
1707 b
1538 b,d
1676 b

1815 a
1741 b
1812 c,e
1858 c,d

1676 a,b
1570 b
1671 d,e
1902 a,d

Estimates obtained by General Linear Models with Bonferroni correction. Different letters (a, b, c, d, e) indicate significant differences between the estimates for each category (type of
sweetener) on the row (p-value < 0.05).
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Table 3. Contribution (%) to the daily intake of energy of the food groups according to the type of
sweetener. Brazil, National Dietary Survey, 2008–2009.
Percentage Contribution to Daily Energy Intake *
Food groups
Eggs
Sugar-sweetened beverages
Snacks and chips
Beans
Pasta
Fruit juice
Butter or margarine
Vegetables
Fruits
Cheese
Processed meats
Poultry
Breads
Rice
Meat
Sweets and desserts
Coffee and tea
Candies and Chocolate
Roots and tubers
Milk

Sugar

Artificial
Sweeteners

Sugar and
Artificial Sweeteners

None of
These Products

1.5 a
2.3 a
1.8 a
10.7 a
3.6 a
4.8 a
2.4 a
0.5 a
2.7 a
0.9 a
1.9 a
4.7 a
8.6 a
14.9 a
10.2 a
5.0 a
6.9 a
1.1 a
3.9 a
2.3 a

0.7 b
1.6 b,c
2.8 b
7.8 b
3.6 a
3.5 b
2.4 a
1.0 b
5.5 b
2.5 b
1.7 a
6.2 b
10.8 b
12.2 b
9.9 a
4.0 b
2.6 b,e
1.3 a
3.3 b
3.0 b,c

0.9 b
2.0 a,c
1.6 a
8.2 b
3.8 a
5.4 a
2.2 a
0.9 b
3.9 c
1.7 c
2.2 a
4.7 a
8.8 a
12.8 b,c
10.3 a
5.9 a
4.7 c
1.6 a
2.8 b
2.6 a,c

1.1 a,b
2.9 b
2.9 b
8.4 b
4.6 a
2.9 b
2.7 a
0.6 a
6.2 d
1.3 a
1.4 a
4.2 a
9.7 a
14.2 a
9.1 a
4.8 a
2.8 d,e
1.5 a
2.9 b
3.1 a,b

Estimates obtained by general linear models with correction for Bonferroni. Different letters (a, b, c, d, e) indicate
significant differences between the estimates for each category (type of sweetener) on the row (p-value <0.05).
* Contribution to daily energy intake = (food group energy × 100)/total energy intake.

4. Discussion
The use of sugar to sweeten foods and beverages is highly widespread in Brazil, and was more
commonly practiced by men, adolescents, residents of rural areas, those who live in the northern
and northeastern regions, and among low-income individuals. On the other hand, the use of AS,
either exclusively or in combination with sugar, was reported by approximately 13% of the population,
and was more frequent among elderly, women, overweight individuals, those living in urban areas,
in the south and southeast, and among high-income individuals compared with their counterparts.
It was noteworthy that the use of AS among the elderly was 10 times higher than that of the adolescents,
and almost triple that of adults; additionally, over a fifth of Brazilians in the highest income quartile
reported the addition of AS to foods and beverages. Apparently, the use of AS was related to
lower energy intake, since the average energy intake was lower among those using AS only in
comparison with those using sugar exclusively or in combination with AS, except for the midwest
region. In average, the use of sugar to sweeten foods and beverages implies an increase of 186 kcal
daily, corresponding to a 10% increase in the total energy intake.
The most important differences in the profile of food group consumption according to the type of
sweetener were concerning for sugar-sweetened beverages, snacks and chips, sweets and desserts,
beans, vegetables, and fruits. Sugar use was related to the Brazilian traditional eating pattern, including
rice, beans, and coffee [24,25], whereas the use of AS was related to a mixed eating pattern, including
salty snacks and fruits and vegetables. Comparing individuals who reported the exclusive use of sugar
and those who only used AS, the consumption of sugar-sweetened beverages, sweets and desserts,
and beans was greater, while the consumption of snacks and chips, vegetables, and fruits was smaller.
Consistently with our findings, a study analyzing data from the Household Budget Survey
showed that, in Brazil, three-fourths of the calories were from added sugars such as table sugar and
other caloric sweeteners [26]. Furthermore, the high intake of table sugar among men and adolescents
is consistent with the high proportion of unfavorable eating habits observed in these groups of
population [27–29].
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The proportion of Brazilians who sweeten foods and beverages with AS was similar to
the observed proportion of American adults (≥18 years) who use low-caloric sweetener packets
(14.1%), as investigated in the 2009–2010 and 2011–2012 National Health and Nutrition Examination
Surveys [30]. Additionally, the results of this study are also consistent with several other
studies observing that AS consumption is more frequent among women [31–34], elderly [15,30–32],
overweight [30–36], and highly educated individuals [31,32,34,36], and those in the higher
socioeconomic strata [30,31,36]. Moreover, in the Longitudinal Study of Adult Health (ELSA)-Brazil
cohort, the “diet/light” eating pattern was more common among women, elderly, and highly educated
individuals [37].
In the United States, a substantial increase in the purchase and consumption of artificially
sweetened foods and beverages has been verified in recent decades [2,13,14]. AS consumers are
more likely to engage in dieting behavior [31,38], which is characterized by a lower daily energy intake;
a lower contribution of carbohydrates, sugar, and sugar-sweetened beverages to the total energy intake;
and higher overall dietary quality [31,32,34,38]. Consistently, the users of AS in our study presented
a higher contribution of fruits and vegetables to the total energy intake, and had lower means of total
energy intake.
AS were conceptualized as an alternative sweetener for diabetic individuals; later, they were
popularized as a strategy to reduce caloric content and promote weight loss [10]. Despite that,
the number of randomized controlled trials and observational studies that have reported potential
associations between the consumption of AS and artificially sweetened beverages and weight gain and
higher adiposity [31,36,39], greater cardiovascular risk [35], negative changes in intestinal microbiota,
glucose intolerance, and greater risk of diabetes mellitus [33,40–42] has been continuously increasing.
Nonetheless, the metabolic and clinical effects of using AS remained unclear [20].
Several intervention strategies and nutrition policies have focused on reducing the levels of sugar
consumption in the population [43,44], which possibly leads to replacing table sugar with AS. Even so,
considering the harmful effects of AS, healthy eating promotion strategies should also aim to limit
their consumption.
Despite the possible limitations in this study, our data are consistent with those of other studies
that investigated table sugar or AS consumption in Brazil [15,26]. A limitation is the possibility of
underreporting by the use of food records. Applying food records can help individuals by not requiring
them to rely on their memory to report foods consumed, and provide more accurate information
regarding the quantities consumed [45]; in this study, various strategies to reduce measurement errors
were applied, such as continuous interviewers’ training and supervising, and the use of a written
manual for the participants. Although food consumption underreporting was not evaluated in the
present analysis, a validation study on the dietary assessment method adopted in the Brazilian
National Dietary Survey using doubly labeled water indicated an energy intake underestimation of
approximately 30% [46]. Furthermore, the use of the first day of food records may be pointed to
as a limitation of this study. Nevertheless, it is recognized that single 24-h recalls and food records
provide reliable estimates for population means in extent studies. Additionally, the first day of food
record usually afford more complete data than the following days [47].
This investigation is unique, because it helps characterize the type of sweetener added by
Brazilians in their beverages and foods. This is the first nationally representative study that evaluates
the type of sweetener that is usually added in beverages and foods and their contribution to daily
energy intake, as well as the relationship between the type of sweetener used and the most commonly
consumed foods. Additionally, this study used a nationwide representative sample that is capable of
discriminating the estimates at geographic regions and income levels in Brazil. Moreover, this study
sets the basis to monitor sweeteners’ use in this country, allowing future investigations on their impact
on diet quality and health and nutrition indicators, as well as verifying whether a possible migration
from table sugar to AS occurs in the national setting.
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5. Conclusions
In summary, this study showed that approximately 20% of the elderly, and individuals in the
highest quartile of income, were the greatest consumers of AS. The use of AS is associated with lower
energy intake, and is commonly observed in individuals who consumed more fruits and vegetables,
which may indicate that a health-conscious population subgroup chooses AS.
Acknowledgments: The authors are grateful for the financial support provided by the Ministry of Health, Conselho
Nacional de Desenvolvimento Científico e Tecnológico (CNPq, The National Council for Scientific and Technological
Development), and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (Capes, Coordination for the
Improvement of Higher Education Personnel).
Author Contributions: L.S.M. contributed to data analysis and interpretation and manuscript writing. B.K.H.
contributed to data analysis and interpretation and manuscript writing. P.R.M.R. contributed to data analysis
and interpretation and manuscript writing. E.M.Y. contributed to data interpretation and manuscript revision.
R.S. contributed to study design and supervising, data interpretation and manuscript conception and final
revision. R.A.P. contributed to the study design and supervising, data analysis and interpretation, and manuscript
conception, writing, and final revision.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.

3.
4.
5.
6.

7.
8.
9.
10.
11.
12.
13.
14.

Erickson, J.; Slavin, J. Total, added, and free sugars: Are restrictive guidelines science-based or achievable?
Nutrients 2015, 7, 2866–2878. [CrossRef] [PubMed]
Gardner, C.; Wylie-Rosett, J.; Gidding, S.S.; Steffen, L.M.; Johnson, R.K.; Reader, D.; Lichtenstein, A.H.
Nonnutritive sweeteners: Current use and health perspectives: A scientific statement from the American
Heart Association and the American Diabetes Association. Diabetes Care 2012, 35, 1798–1808. [CrossRef]
[PubMed]
Newens, K.J.; Walton, J. A review of sugar consumption from nationally representative dietary surveys
across the world. J. Hum. Nutr. Diet. 2015, 29, 225–240. [CrossRef] [PubMed]
Hess, J.; Latulippe, M.E.; Ayoob, K.; Slavin, J. The confusing world of dietary sugars: Definitions, intakes,
food sources and international dietary recommendations. Food Funct. 2012, 3, 477–486. [CrossRef] [PubMed]
Popkin, B.M.; Nielsen, S.J. The sweetening of the world’s diet. Obes. Res. 2003, 11, 1325–1332. [CrossRef]
[PubMed]
Pereira, R.A.; Duffey, K.J.; Sichieri, R.; Popkin, B.M. Sources of excessive saturated fat, trans fat and
sugar consumption in Brazil: An analysis of the first Brazilian nationwide individual dietary survey.
Public Health Nutr. 2014, 17, 113–121. [CrossRef] [PubMed]
Instituto Brasileiro de Geografia e Estatística (IBGE). Pesquisa de Orçamentos Familiares—POF 2008–2009:
Análise do Consumo Alimentar Pessoal no Brasil; IBGE: Rio de Janeiro, Brazil, 2011. (In Portuguese)
World Health Organization (WHO). Guideline: Sugars Intake for Adults and Children; World Health
Organization: Geneva, Switzerland, 2015.
Lustig, R.H.; Schmidt, L.A.; Brindis, C.D. Public health: The toxic truth about sugar. Nature 2012, 482, 27–29.
[CrossRef] [PubMed]
De La Peña, C. Artificial sweetener as a historical window to culturally situated health. Ann. N. Y. Acad. Sci.
2010, 1190, 159–165. [CrossRef] [PubMed]
BRASIL. Resolução—RDC n. 271, de 22 de Setembro de 2005. Açúcares e Produtos Para Adoçar, Brasília, DF.
2005. (In Portuguese)
Sylvetsky, A.C.; Welsh, J.A.; Brown, R.J.; Vos, M.B. Low-calorie sweetener consumption is increasing in the
United States. Am. J. Clin. Nutr. 2012, 96, 640–646. [CrossRef] [PubMed]
Ng, S.W.; Slining, M.M.; Popkin, B.M. Use of caloric and non-caloric sweeteners in US consumer packaged
foods, 2005–2009. J. Acad. Nutr. Diet. 2012, 112, 1828–1834. [CrossRef] [PubMed]
Piernas, C.; Ng, S.W.; Popkin, B. Trends in purchases and intake of foods and beverages containing caloric
and low-calorie sweeteners over the last decade in the U.S. Pediatr. Obes. 2013, 8, 294–306. [CrossRef]
[PubMed]

Nutrients 2018, 10, 295

15.

16.
17.

18.
19.

20.

21.

22.

23.
24.
25.
26.

27.
28.

29.
30.

31.

32.

33.

10 of 11

Zanini, R.V.; Araújo, C.L.; Martínez-Mesa, J. Utilização de adoçantes dietéticos entre adultos em Pelotas,
Rio Grande do Sul, Brasil: Um estudo de base populacional. Cad. Saúde Pública 2011, 27, 924–934. [CrossRef]
[PubMed]
Mattes, R.D.; Popkin, B.M. Nonnutritive sweetener consumption in humans: Effects on appetite and food
intake and their putative mechanisms. Am. J. Clin. Nutr. 2009, 89, 1–14. [CrossRef] [PubMed]
Agencia Nacional de Vigilância Sanitária (ANVISA). Adoçantes—Ingestão Diária Aceitável. Available online:
http://portal.anvisa.gov.br/resultado-de-busca?p_p_id=101&p_p_lifecycle=0&p_p_state=maximized&
p_p_mode=view&p_p_col_id=column-1&p_p_col_count=1&_101_struts_action=%2Fasset_publisher%
2Fview_content&_101_assetEntryId=2868104&_101_type=content&_101_groupId=219201&_101_urlTitle=
adocantes-ingestao-diaria-aceitavel&inheritRedirect=true (accessed on 27 December 2017). (In Portuguese)
Fitch, C.; Keim, K.S. Position of the academy of nutrition and dietetics: Use of nutritive and nonnutritive
sweeteners. J. Acad. Nutr. Diet. 2012, 112, 739–758. [CrossRef] [PubMed]
U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015–2020 Dietary
Guidelines for Americans. Available online: http://health.gov/dietaryguidelines/2015/guidelines/
(accessed on 23 December 2017).
Instituto Brasileiro de Geografia e Estatística (IBGE). Pesquisa de Orçamentos Familiares—POF 2008–2010:
Tabelas de Composição Nutricional dos Alimentos Consumidos no Brasil; IBGE: Rio de Janeiro, Brazil, 2011.
(In Portuguese)
De Onis, M.; Onyango, A.W.; Borghi, E.; Siyam, A.; Nishida, C.; Siekmann, J. Development of a WHO growth
reference for school-aged children and adolescents. Bull. World Health Organ. 2007, 85, 660–667. [CrossRef]
[PubMed]
World Health Organization (WHO). Obesity: Preventing and Managing the Global Epidemic: Report of
a WHO Consultation (WHO Technical Report Series 894). Available online: http://www.who.int/nutrition/
publications/obesity/WHO_TRS_894/en/ (accessed on 1 October 2017).
Lipschitz, D.A. Screening for nutritional status in the elderly. Prim. Care 1994, 21, 55–67. [PubMed]
Sichieri, R. Dietary patterns and their associations with obesity in the Brazilian city of Rio de Janeiro.
Obes. Res. 2002, 10, 42–48. [CrossRef] [PubMed]
Nascimento, S.; Barbosa, F.S.; Sichieri, S.; Pereira, R.A. Dietary availability patterns of the Brazilian
macro-regions. Nutr. J. 2011, 10, 79. [CrossRef] [PubMed]
Levy, R.B.; Claro, R.M.; Bandoni, D.H.; Mondini, L.; Monteiro, C.A. Disponibilidade de “açúcares de adição”
no Brasil: Distribuição, fontes alimentares e tendência temporal. Rev. Bras. Epidemiol. 2012, 15, 3–12.
[CrossRef] [PubMed]
Souza, A.M.; Pereira, R.A.; Yokoo, E.M.; Levy, R.B.; Sichieri, R. Alimentos mais consumidos no Brasil:
Inquérito Nacional de Alimentação 2008–2009. Rev. Saúde Pública 2013, 47, S190–S199. [CrossRef]
Sichieri, R.; Bezerra, I.N.; Araújo, M.C.; Souza, A.M.; Yokoo, E.M.; Pereira, R.A. Major food sources
contributing to energy intake—A nationwide survey of Brazilians aged 10 years and older. Br. J. Nutr.
2015, 28, 1638–1642. [CrossRef] [PubMed]
Souza, R.A.; Yokoo, E.M.; Sichieri, R.; Pereira, R.A. Energy and macronutrient intakes in Brazil: Results of
the first nationwide individual dietary survey. Public Health Nutr. 2015, 18, 3086–3095. [CrossRef] [PubMed]
Sylvetsky, A.C.; Jin, Y.; Clark, E.J.; Welsh, J.A.; Rother, K.I.; Talegawkar, S.A. Consumption of low-calorie
sweeteners among children and adults in the United States. J. Acad. Nutr. Diet. 2017, 117, 441–448. [CrossRef]
[PubMed]
Fowler, S.P.; Williams, K.; Resendez, R.G.; Hunt, K.J.; Hazuda, H.P.; Stern, M.P. Fueling the obesity epidemic?
Artificially sweetened beverage use and long-term weight gain. Obesity 2008, 16, 1894–1900. [CrossRef]
[PubMed]
Duffey, K.J.; Steffen, L.M.; van Horn, L.; Jacobs, D.R.; Popkin, B.M. Dietary patterns matter: Diet beverages
and cardiometabolic risks in the longitudinal Coronary Artery Risk Development in Young Adults (CARDIA)
Study. Am. J. Clin. Nutr. 2012, 95, 909–915. [CrossRef] [PubMed]
Fagherazzi, G.; Vilier, A.; Saes Sartorelli, D.; Lajous, M.; Balkau, B.; Clavel-Chapelon, F. Consumption of
artificially and sugar-sweetened beverages and incident type 2 diabetes in the Etude Epidemiologique
aupres des femmes de la Mutuelle Generale de l’Education Nationale-European Prospective Investigation
into Cancer and Nutrition cohort. Am. J. Clin. Nutr. 2013, 97, 517–523. [CrossRef] [PubMed]

Nutrients 2018, 10, 295

34.

35.
36.

37.
38.

39.

40.
41.

42.

43.
44.

45.

46.

47.

11 of 11

Hedrick, V.E.; Passaro, E.M.; Davy, B.M.; You, W.; Zoellner, J.M. Characterization of Non-Nutritive Sweetener
Intake in Rural Southwest Virginian Adults Living in a Health-Disparate Region. Nutrients 2017, 9, 757.
[CrossRef] [PubMed]
Bernstein, A.M.; de Koning, L.; Flint, A.J.; Rexrode, K.M.; Willett, W.C. Soda consumption and the risk of
stroke in men and women. Am. J. Clin. Nutr. 2012, 95, 1190–1199. [CrossRef] [PubMed]
Fowler, S.P.; Williams, K.; Hazuda, H.P. Diet soda intake is associated with long-term increases in waist
circumference in a biethnic cohort of older adults: The San Antonio longitudinal study of aging. J. Am.
Geriatr. Soc. 2015, 63, 708–715. [CrossRef] [PubMed]
Cardoso, L.O.; Carvalho, M.S.; Cruz, O.G. Eating patterns in the Brazilian Longitudinal Study of Adult
Health (ELSA-Brasil): An exploratory analysis. Cad. Saude Publica 2016, 32. [CrossRef] [PubMed]
De Koning, L.; Malik, V.S.; Rimm, E.B.; Willett, W.C.; Hu, F.B. Sugar-sweetened and artificially sweetened
beverage consumption and risk of type 2 diabetes in men. Am. J. Clin. Nutr. 2011, 93, 1321–1327. [CrossRef]
[PubMed]
Mandrioli, D.; Kearns, C.E.; Bero, L.A. Relationship between research outcomes and risk of bias, study
sponsorship, and author financial conflicts of interest in reviews of the effects of artificially sweetened
beverages on weight outcomes: A systematic review of reviews. PLoS ONE 2016, 11. [CrossRef] [PubMed]
Mooradian, A.D.; Smith, M.; Tokuda, M. The role of artificial and natural sweeteners in reducing the
consumption of table sugar: A narrative review. Clin. Nutr. ESPEN 2017, 18, 1–8. [CrossRef] [PubMed]
Suez, J.; Korem, T.; Zeevi, D.; Zilberman-Schapira, G.; Thaiss, C.A.; Maza, O.; Israeli, D.; Zmora, N.; Gilad, S.;
Weinberger, A.; et al. Artificial sweeteners induce glucose intolerance by altering the gut microbiota. Nature
2014, 514, 181–186. [CrossRef] [PubMed]
Imamura, F.; O’Connor, L.; Ye, Z.; Mursu, J.; Hayashino, Y.; Bhupathiraju, S.N.; Forouhi, N.G. Consumption
of sugar sweetened beverages, artificially sweetened beverages, and fruit juice and incidence of type 2
diabetes: Systematic review, metanalysis, and estimation of population attributable fraction. BMJ 2015, 351.
[CrossRef] [PubMed]
Elbel, B.; Cantor, J.; Mijanovich, T. Potential effect of the New York City policy regarding sugared beverages.
N. Engl. J. Med. 2012, 367, 680–681. [CrossRef] [PubMed]
World Health Organization (WHO). Fiscal Policies for Diet and the Prevention of Noncommunicable Diseases.
Available online: http://www.who.int/dietphysicalactivity/publications/fiscal-policies-diet-prevention/
en/ (accessed on 27 December 2017).
Trabulsi, J.; Schoeller, D.A. Evaluation of dietary assessment instruments against doubly labeled water,
a biomarker of habitual energy intake. Am. J. Physiol. Endocrinol. Metab. 2001, 281, e891–e899. [CrossRef]
[PubMed]
Lopes, T.S.; Luiz, R.R.; Hoffman, D.J.; Ferriolli, E.; Pfrimer, K.; Moura, A.S.; Sichieri, R.; Pereira, R.A. Misreport
of energy intake assessed with food records and 24-h recalls compared with total energy expenditure
estimated with DLW. Eur. J. Clin. Nutr. 2016, 70, 1259–1264. [CrossRef] [PubMed]
Dodd, K.W.; Guenther, P.M.; Freedman, L.S.; Subar, A.F.; Kipnis, V.; Midthune, D.; Tooze, J.A.;
Krebs-Smith, S.M. Statistical methods for estimating usual intake of nutrients and foods: A review of
the theory. J. Am. Diet. Assoc. 2006, 106, 1640–1650. [CrossRef] [PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

