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ABSTRACT
Introduction. The impact of non-nutritive 
sweeteners (NNS) on energy intake and body 
weight is not clear although they provide no 
energy compared to sucrose.
Objective. To establish if there are differences in 
the consumption of NNS as per the nutritional 
status and its association with overweight.
Population, Material and Methods. Cross-
sectional study including 571 male and female 
students aged 10-16 years old from the cities 
of Viña del Mar and Santiago de Chile who 
were administered an adapted food survey 
using pictures of NNS-containing products; 
nutritional status was assessed and students 
with overweight and obesity were categorized 
as a the overweight group.
Results. Of all surveyed students, 96.6% 
consume NNS on a daily basis. The comparison 
between the total NNS intake by nutritional 
status showed that male students in the 
overweight group consume more sucralose 
(p < 0.05) and saccharin (p < 0.01), while the 
comparison of NNS intake per kilogram of 
body weight showed that NNS consumption 
was higher in the overweight group (p < 0.05). 
Among female students, the normal weight 
group showed a higher consumption of 
acesulfame K per kilogram of body weight than 
the overweight group (p < 0.05). No association 
was observed in the studied sample between 
the overall NNS intake and obesity.
Conclusion. Of all surveyed students, 96.6% 
consume NNS on a daily basis, and no association 
was found between NNS consumption and 
overweight. 
Key words: non-nutritive sweeteners, nutritional 
status, students, overweight.

INTRODUCTION
From an epidemiological standpoint, 

the consumption of sugar-sweetened 
beverages is related to a positive 
energy balance and obesity incidence. 
Several reports have indicated that 
the consumption of sugar-sweetened 
beverages is positively correlated 
to a high body weight and a higher 
incidence of metabolic syndrome, 
type 2 diabetes, hypertension and heart 
diseases.1,2 

As per the data published in 2007 
by the Calorie Control Council (an 
international association representing 

the low- and reduced-calorie food and 
beverage industry), approximately 
194 million people in the United States 
(around 64% of the total population) 
consumed diet food and beverages, 
reduced-calorie desserts and sugar 
substitutes. When comparing this 
information with the approximately 
78 million people who consumed these 
products in 1986, it can be said that 
consumption has doubled over the past 
years (Calorie Control Council, 2009).3 A 
similar increase has been observed in 
Latin America, as demonstrated by the 
studies conducted by Cagnasso, et al.4 
in Argentina, by Durán, et al.5 in Chile, 
and by Zanini, et al.6 in Brazil.

Non-nutritive sweeteners (NNS) 
first appeared in the late 19th century, 
when saccharin was discovered by 
chance. At present, there are five NNS 
approved by the United States Food 
and Drug Administration (FDA): 
acesulfame k, aspartame, saccharin, 
sucralose, and a plant-derived calorie-
free sugar substitute (stevia), which has 
been declared safe by the FDA.

O v e r w e i g h t  a n d  o b e s i t y 
are  in f luenced  by  genet i c  and 
environmental factors, such as ethnic 
origin, age, diet, level of physical 
activity, and psychosocial factors.7 
Until recently, the general belief was 
that NNS may help to promote a 
healthy diet by providing a sweet 
taste with no calories or glycemic 
effects. The impact of NNS on energy 
intake, diet quality and body weight 
is not clear, although they provide no 
energy compared to sucrose.

Investigators have concluded that, 
in general, observational studies have 
not provided significant evidence 
to establish an association between 
NNS consumption and weight gain, 
although data are controversial.8 There 
is no evidence on such association 
among children and adolescents.
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The objective of this study is to establish if 
there are differences in the consumption of NNS 
as per the nutritional status and its association 
with obesity.

POPULATION AND METHODS
Cross-sectional study; 12 schools (eight 

municipal institutions and four subsidized schools) 
were randomly selected from the cities of Santiago 
and Viña del Mar, Chile. These schools account 
for 1.2% of all enrolled students in both cities. The 
sample size was estimated based on the study by 
Arcella, et al.,9 with a 95% confidence interval, a 
90% power and a precision estimated as observed 
mean of usual aspartame consumption-daily 
admitted aspartame intake; data were analyzed 
using Excel. To this end, the type and content of 
each product’s sweetener(s) were considered. 
Content was established based on the declaration 
of food additives by 100 g or 100 mL as indicated in 
the nutrition facts label. A survey on weekly food 
consumption was adapted (to include only those 
foods that contain sweeteners) and validated for the 
assessment of sweetener intake.5 Serving sizes were 
described using home measuring elements (cup, 
glass, spoon, teaspoon, plate, etc.). This information 
was used to estimate the daily intake for each NNS.

Anthropometry
An anthropometry was performed in each 

school by Nutrition students, who had received a 
standardized training. Students were assessed in 
their underwear and barefoot. Weight and height 
were measured using an electronic precision scale 
(GAMMA®) with an 0.1 kg sensitivity and a set 
square with an 0.5 cm sensitivity attached to the 
wall (using the Frankfurt plane methodology). 
The nutritional assessment was performed using 
the BMI/age correlation, as recommended by the 
United States Centers for Disease Control.

PROCEDURES 
Surveys

In order to establish a sample of foods 
containing artificial sweeteners in the Chilean 
market, visits were made to the supermarkets of 
both cities; a total of 144 products were found. 
Each product was photographed and a set of 
pictures was prepared assigning a number to each 
product. Surveys were administered to school 
children by Nutrition students (CDC).

Statistical Analysis
Data were processed using an Excel sheet and 

the SPSS 19.0 statistical software. The normality 
of continuous outcome measures (age, weight, 
height, intake) was assessed using Shapiro-Wilk’s 
goodness-of-fit test. Normal outcome measures 
were assessed using Student’s t test, while not 
normal outcome measures were assessed using 
the Mann-Whitney U test. Correlations with 
a normal distribution were analyzed using 
Pearson’s test, while correlations with not normal 
distribution were analyzed using Spearman’s test. 
In addition, a logistic regression analysis was 
performed to assess the association between the 
consumption of sweeteners and the nutritional 
status following the adjustment for age and sex. 
In all cases, a value of p < 0.05 was considered 
significant.

RESULTS
The studied sample included 571 male and 

female students from public and subsidized schools 
located in the cities of Viña del Mar and Santiago de 
Chile. Their average age, weight and height were 
13.2 ± 6.3 years old, 53.9 ± 12.4 kg, and 1.52 ± 0.1 m, 
respectively. In this sample, 50% had a normal 
nutritional status (BMI between p10 and <p85), 
34.5% were overweight (BMI between p85 and 
<p95), 11.8% were obese (BMI >p95: obesity) and 
3.7% were underweight (BMI <p10: low weight). Of 
all interviewed students, 96.6% indicated that they 
consume NNS on a regular basis.

The comparison of NNS consumption per 
kilogram of body weight by school course and sex 
(Table 1) indicated that there were no differences 
among courses. However, differences were found 
between male and females students in the overall 
group, with girls showing a significantly higher 
consumption of saccharin (p < 0.01).

The comparison of NNS consumption by 
nutritional status (Table 2), and considering 
both the normal weight group (slim and normal 
weight students) and the overweight group 

 
n=

 (z
a/2 + z

β
)2 S2 

=
 (1.96 + 1.28)2 x 0.062 

= 1 d2 (0.039-40)2

Lastly, it was suggested that at least 20 students 
should be randomly assessed at each school.

The inclusion criterion was being a regular 
student aged 10 to 16 years old; exclusion criteria 
were being a student with metabolic conditions 
(phenylketonuria), type 1 diabetes, or not having 
completed the forms. No student refused to take part.

The protocol was reviewed and approved 
by the corresponding universities; parents were 
asked to sign a consent and students gave their 
assent for the assessment.
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(overweight and obese students), showed 
that male students in the overweight group 
have a higher overall consumption of NNS, 
particularly sucralose (p < 0.05) and saccharin 
(p < 0.01). However, differences were observed 
when assessing NNS intake per kilogram 

of body weight:  a higher consumption of 
saccharin in the overweight group (p < 0.05) 
and of acesulfame k in the normal weight 
group (p < 0.05). On the contrary, among female 
students, differences were only observed in 
the consumption of acesulfame k per kilogram 

Table 1. Comparison of NNS consumption per kilogram of body weight by sex and by school course

  Male students (n= 281) Female students (n= 290) p value

Fifth grade of basic/primary education   
 Sucralose 1.95 ± 1.97 2.07 ± 2.18 0.601
 Aspartame 3.54 ± 3.39 3.30 ± 2.90 0.464
 Cyclamate 0.09 ± 0.48 0.08 ± 0.35 0.846
 Saccharin 0.36 ± 0.82 0.65 ± 1.13 0.006
 Acesulfame k 0.07 ± 0.08 0.06 ± 0.06 0.429

Sixth grade of basic/primary education   
 Sucralose 1.63 ± 1.28 1.90 ± 2.15 0.726
 Aspartame 2.10 ± 1.72 3.82 ± 3.85 0.209
 Cyclamate 0.00 ± 0.00 0.14 ± 0.59 0.499
 Saccharin 1.37 ± 0.69 1.64 ± 1.76 0.661
 Acesulfame k 0.04 ± 0.03 0.07 ± 0.07 0.244

Seventh grade of basic/primary education   
 Sucralose 1.25 ± 1.00 1.17 ± 1.19 0.832
 Aspartame 1.40 ± 1.59 1.52 ± 1.45 0.812
 Cyclamate 0.07 ± 0.20 0.00 ± 0.00 0.121
 Saccharin 1.08 ± 1.29 1.00 ± 0.88 0.804
 Acesulfame k 0.02 ± 0.03 0.02 ± 0.03 0.817

Eight grade of basic education/first year of secondary education   
 Sucralose 1.33 ± 1.41 2.63 ± 2.87 0.393
 Aspartame 5.58 ± 2.69 3.41 ± 3.26 0.226
 Cyclamate 0.00 ± 0.00 0.11 ± 0.42 0.605
 Saccharin 2.14 ± 2.09 1.57 ± 1.39 0.495
 Acesulfame k 0.10 ± 0.06 0.07 ± 0.07 0.417

First year of middle school/second year of secondary education   
 Sucralose 2.10 ± 2.20 2.20 ± 2.30 0.316
 Aspartame 4.12 ± 3.01 3.55 ± 2.12 0.442
 Cyclamate 0.02 ± 0.07 0.01 ± 0.06 0.952
 Saccharin 0.02 ± 0.05 0.02 ± 0.36 0.858
 Acesulfame k 0.07 ± 0.06 0.06 ± 0.04 0.540

Second year of middle school/third year of secondary education   
 Sucralose 2.59 ± 2.30 2.62 ± 2.34 0.968
 Aspartame 5.22 ± 4.62 4.17 ± 3.24 0.330
 Cyclamate 0.25 ± 0.93 0.11 ± 0.49 0.502
 Saccharin 0.01 ± 0.04 0.01 ± 0.03 0.842
Acesulfame k 0.11 ± 0.11 0.08 ± 0.07 0.381

Third year of middle school/fourth year of secondary education   
 Sucralose 2.15 ± 2.28 1.86 ± 1.95 0.756
 Aspartame 1.48 ± 1.87 3.19 ± 2.94 0.131
 Cyclamate 0.00 ± 0.01 0.07 ± 0.15 0.226
 Saccharin 0.00 ± 0.00 0.00 ± 0.00 0.249
 Acesulfame k 0.03 ± 0.03 0.06 ± 0.06 0.227

Fourth year of middle school/fifth year of secondary education   
 Sucralose 1.93 ± 1.91 1.66 ± 1.29 0.517
 Aspartame 3.38 ± 2.77 4.10 ± 2.64 0.295
 Cyclamate 0.08 ± 0.23 0.10 ± 0.29 0.809
 Saccharin 0.02 ± 0.05 0.02 ± 0.06 0.605
 Acesulfame k 0.07 ± 0.07 0.07 ± 0.05 0.626

Student’s t test. values expressed using mean ± SD.
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of body weight: the normal weight group 
evidenced a significantly higher consumption 
than the overweight group (p < 0.05).

No significant correlations were found among 
male students when correlating the consumption 
of NNS (Figure 1), nutritional status and age. 
However, a positive correlation was observed 
among female students in relation to saccharin 
and sucralose intake in the overweight group 
and in relation to sucralose and aspartame in the 
normal weight group.

A positive correlation was observed in normal 
weight female students when correlating BMI and 
aspartame. Lastly, a positive correlation was also 
found between saccharin and acesulfame k intake 
when correlating consumption and age.

Table 3 shows the results of the multiple logistic 
regression test performed to assess the dependent 
outcome measure “nutritional status”, non-
adjusted data and data adjusted for age and sex. 

No significant differences were found with no 
intake of NNS in relation to the assessed predictive 
outcome measures.

DISCUSSION
The primary result observed is a higher 

NNS intake among male overweight students. 
However, in relation to girls, the consumption 
of NNS was higher among those with normal 
weight. In addition, it was observed that they 
consume more acesulfame k and saccharin as they 
get older. Lastly, no association was observed 
in the studied sample between NNS intake and 
overweight.

In this study, a high consumption of NNS was 
observed and found to be similar to a previous 
Chilean study.5 It is worth noting that each NNS 
intake was within the limits allowed for this 
population. Such elevated intake is mainly due 
to the large number of NNS-containing foods, 

Table 3. Association between consumption of different sweeteners and overweight-obesity

VO utcome measures OR 95% CI p value

Aspartame consumption 0.770 0.297 2.000 0.592

Aspartame consumption* 1.450 0.512 4.106 0.484

Cyclamate consumption 0.755 0.509 1.119 0.162

Cyclamate consumption* 1.147 0.749 1.754 0.529

Saccharin consumption 0.988 0.654 1.920 0.174

Saccharin consumption* 0.852 0.573 1.269 0.431

Acesulfame k consumption 0.713 0.104 4.869 0.730

Acesulfame k consumption* 1.125 0.734 1.635 0.543

Total consumption of NNS 0.712 0.164 4.969 0.723

Total consumption of NNS* 1.433 0.501 3.182 0.501

* Adjusted for age, education level and sex.

Table 2. Comparison of consumption of sweeteners by nutritional status 

 Male students Female students

 Normal weight Overweight p value Normal weight Overweight p value

Sucralose T 82.8 ± 60.5 115.2 ± 120.1 0.024 106.7 ± 105.9 107.9 ± 121.8 0.944

Aspartame T 185.3 ± 140.3 192.2 ± 209.3 0.798 176.2 ± 138.2 164.1 ± 153.9 0.582

Cyclamate T 4.6 ± 22.6 2.9 ± 8.1 0.517 3.9 ± 13.9 5.2 ± 22.9 0.522

Saccharin T 10.4 ± 30.8 31.1 ± 57.5 0.003 31.4 ± 52.6 37.2 ± 61.8 0.503

Acesulfame k T 54.0 ± 49.1 53.6 ± 96.7 0.974 42.2 ± 38.8 58.8 ± 51.3 0.683

Sucralose k/bw 1.8 ± 1.5 2.0 ± 2.3 0.395 2.1 ± 2.1 1.9 ± 2.2 0.423

Aspartame k/bw 3.7 ± 3.0 3.2 ± 3.7 0.331 3.6 ± 2.9 2.9 ± 2.8 0.101

Cyclamate k/bw 0.1 ± 0.6 0.2 ± 0.7 0.297 0.07 ± 0.32 0.09 ± 0.38 0.794

Saccharin k/bw 0.2 ± 0.7 0.5 ± 0.9 0.029 0.65 ± 1.10 0.65 ± 1.18 0.996

Acesulfame k k/bw 0.08 ± 0.08 0.05 ± 0.07 0.040 0.07 ± 0.06 0.05 ± 0.05 0.015

Student’s t test, values expressed using mean ± SD. T= total intake; k/bw= kilogram of body weight.
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Figure 1. Correlation among the intake of nns, body weight, bMI and age by sex

(a) Correlation between weight and saccharin consumption in overweight girls; (b) correlation between weight and sucralose 
consumption in normal weight girls; (c) correlation between weight and aspartame consumption in normal weight girls;
(d) correlation between BMI and aspartame consumption in overweight girls; (e) correlation between age and saccharin 
consumption in girls; (f) correlation between age and acesulfame k consumption in girls.
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especially low-priced soft drinks.
Some studies have proposed that NNS 

play a major role in weight control among 
children, adolescents and adults. However, 
a new hypothesis suggests that people may 
compensate the calories saved by using NNS with 
an increased appetite in the following meal, thus 
gaining weight.10 In contrast, the results of short-
term observational and experimental studies do 
not support this hypothesis.

An increasing number of epidemiological 
studies have reported that the consumption 
of NNS-containing products has a positive 
correlation with the incidence of obesity, weight 
gain, type 2 diabetes, heart diseases and other 
metabolic syndrome symptoms. 2,11,12 Such 
findings have encountered a strong resistance 
by the manufacturers and representatives of 
these products, who usually state that there is no 
viable mechanism to explain such results.13 This 
was the case of a recent report indicating that 
the consumption of diet sodas was associated 
with metabolic impairment and weight gain.14 
Although it is possible that people who tend 
to gain weight use NNS as a strategy to reduce 
calorie intake, it is probable that a significant 
number of consumers currently use reduced or 
non-caloric foods and sugar-free beverages to 
fight against weight gain.7 Replacing a sugar-
sweetened beverage with a NNS-sweetened 
b e v e r a g e  w i l l  r e d u c e  c a l o r i e  i n t a k e  b y 
approximately 150 kcal, and using NNS instead 
of two teaspoons of sugar (18 g) for a cup of tea or 
coffee three times a day will save approximately 
100 kcal a day.3

In the Framingham Heart Study, Dhingra, et 
al.15 reported a positive relation between the 
consumption of diet or regular sodas and the 
prevalence of metabolic syndrome. Similar results 
have been reported by independent studies 
conducted by Lutsey, et al.11 and by Nettleton, et 
al.14 Lastly, Fowler, et al.12 indicated that, in the 
case of subjects who had a normal weight or were 
not obese (BMI < 30) at study initiation, drinking 
>21 NNS-sweetened beverages a week (diet 
sodas and artificial sweeteners in tea and coffee) 
was associated with almost twice the possibility 
of being overweight at follow-up seven or eight 
years later, compared to those who did not drink 
these beverages.

In addit ion,  the results  of  short- term 
observational and experimental studies do not 
support this hypothesis. 

It should be noted that this type of cross-

sectional study can only demonstrate associations, 
not causality.

In relation to the association among NNS 
consumption, energy and body weight, results 
have been controversial, particularly for aspartame. 
Most studies indicate that aspartame reduces food 
intake and may help to control weight.16 However, 
other studies paradoxically suggest that aspartame 
may increase appetite17 and therefore leads to 
weight gain.18 At present, there is no official 
recommendation on the use of NNS to control 
weight.19

Stev ia  has  been  re la ted  to  increased 
insulin sensitivity in rodent models20 and has 
demonstrated beneficial effects on blood glucose 
and insulin levels in human studies.21 This 
suggests that stevia may have a role in food intake 
regulation.

A recent study by Anton, et al.20 concluded that 
participants who consumed aspartame or stevia 
compensated its consumption by eating more, 
either at lunch or dinner, when they had eaten 
low-calorie preloads compared to eating more 
caloric preloads that contained sucrose. Therefore, 
participants’ overall calorie intake was lower when 
they consumed stevia or aspartame than when they 
had sucrose, only because of the varying calorie 
amounts of the preloads used in the study.

Prior studies demonstrated similar results and 
found that modifying the energy density of foods 
does not translate into a compensated energy 
consumption in the following meals.22

Consumption of  preloads with stevia 
significantly reduced postprandial insulin levels 
compared to preloads with aspartame and 
sucrose, while stevia also reduce postprandial 
glucose levels when compared to sucrose. 
Consumption of preloads containing aspartame 
also reduced postprandial glucose levels when 
compared to sucrose less than twenty minutes 
after eating the preload.20

Studies conducted on animal models show 
that rats with a NNS-sweetened diet have a 
higher weight, increased fat accumulation and a 
weaker thermic effect in response to food intake.19 
Other recent study supports the hypothesis that 
NNS alter the energy balance and demonstrated 
that rats that receive stevia-sweetened liquids 
weight more than those who drink glucose-
sweetened liquids.17 One of the mechanisms 
that may establish an association between NNS 
and weight gain is that NNS could alter the gut 
microbiota. It has been demonstrated that gut 
microbiota alterations can lead to inflammatory 
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and, therefore, it is not possible to establish a 
causality, only an association.
CONCLUSION

In this study, a high consumption of NNS was 
observed; however, no association was found 
between NNS consumption and obesity, either 
with adjusted and not adjusted outcome measures. 
It is necessary to perform controlled, randomized 
trials to evaluate if there is a risk for weight gain 
in individuals who consume NNS given that its 
consumption has become massive, especially in the 
children and adolescent population.n
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