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The objective of this study was to evaluate the effect of an educational program aimed at discouraging sugar-
sweetened carbonated beverages intake on blood fasting glucose and total cholesterol. Forty-seven fourth
grade classes in twenty-two schools have participated in a randomized controlled trial aimed at discouraging
soft drink intake in order to prevent excessive weight gain during a school year, in the city of Niterói, Rio de
Janeiro. Of 1140 randomized students, 478 (238 in intervention group and 240 in control group) aged 9–
12 years old had at least one result on biochemical data and were analyzed to evaluate the effect of the interven-
tion on changes in fasting glucose and total cholesterol at the end of follow-up. Intention-to-treat analysis was
performed taking into account the cluster (classes) effect. Statistically significant decrease in fasting glucose
(−9.12 mg/dL vs. +0.51 mg/dL, p b 0.001) and total cholesterol (−10.34 mg/dL vs. +2.14 mg/dL, p b 0.001)
were observed among students in the intervention group in comparison with controls. In addition, the preva-
lence of impaired fasting glucose and hypercholesterolemia decreased in interventions and increased in controls
(−2.4% vs. +8.8%, p=0.04 and−10.0% vs. +2.7%, p=0.03, respectively). Discouraging soft drink consumption
among children has led to a reduction in fasting glucose and total cholesterol, suggesting that these beverages
may play a role in the development of cardiometabolic risk in childhood.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Sugar-sweetened beverages (SSB) include all beverages with added
sugars, such as soft drinks, fruit juices, sport drinks, energy drinks and
also tea-, milk- and soya-based drinks (Centers for Disease Control
etened beverages.
domized Trial on Prevention of
inking Sodas)

es).
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and Prevention, 2010). SSB consumption has rose significantly world-
wide in the last decades, being higher in Latin America and the Caribbe-
an (Singh et al., 2015b).The widespread consumption of SSB is of great
concern since these beverages promote an increase in total daily caloric
intake (Houchins et al., 2012; Panahi et al., 2013; VanWymelbeke et al.,
2004), and have already been associated with weight gain in all age
groups (Ludwig et al., 2001; Malik et al., 2013). Likewise, replacing
SSB by non-caloric alternatives seems to prevent excessive weight
gain in children, teenagers and adults (Malik et al., 2013).

Considerable epidemiologic evidences have also shown prospective
associations between SSB consumption and metabolic adverse out-
comes. Habitual consumption of SSB has been related to greater inci-
dence of type 2 diabetes (Imamura et al., 2015), and a higher
consumption of these beverages was also associated with greater risk
of developing type 2 diabetes and metabolic syndrome among adults
(Malik et al., 2010). Likewise, one-serving per day increase in sugar-
sweetened beverage consumption has been associated with greater
risks of stroke and myocardial infarction (Narain et al., 2016), as well
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as greater incidence of type 2 diabetes (Imamura et al., 2015) in adults.
Similarly, an increase in SSB intake among adolescents have been asso-
ciated to alterations in glucose homeostasis, blood pressure and serum
lipoproteins (Ambrosini et al., 2013), and an increase in plasma HDL-
cholesterol over one year was greater among children who decreased
their SSB intake in at least one serving per week (Van Rompay et al.,
2015). However, there is lack of evidence about how an intervention fo-
cused in decreasing SSB consumption could improve metabolic profile
in children and adolescents.

In 2005, a randomized controlled trial was conducted with fourth
graders of public schools in Niterói, Rio de Janeiro, to evaluate the effect
of reducing soft drink consumption on the prevention of excessive
weight gain. Intervention group showed significant decrease in daily
consumption of sugar-sweetened carbonated beverages compared to
control, and overweight children, especially girls, have experienced
reduction in body mass index (BMI) (Sichieri et al., 2009). As a
secondary aim of the trial, in this study we tested the influence of
intervention on blood glucose and total cholesterol among those
participants who specifically agreed to provide blood samples.
2. Methods

A cluster randomized controlled trial was conducted with fourth
graders from twenty-two public schools of Niterói, Rio de Janeiro, Brazil,
to evaluate the efficacy of discouraging soft drink consumption on the
prevention of overweight over one school year. Because of fasting
Fig. 1. Flowchart of the stud
blood collection, only morning classes' students were included in the
study (Sichieri et al., 2009).

Data collectionwas performed at baseline, inMarch 2005, and at the
end of follow-up, in December 2005. This study was approved by the
Ethics Review Committee of the Institute of Social Medicine, State Uni-
versity of Rio de Janeiro. The participation in the survey was voluntary
and written informed consent from parents was obtained.

In the present study, we evaluate the effect of this intervention on
both total serum cholesterol and fasting glucose.

2.1. Sample size

Sample sizewas calculated for the original trial (Sichieri et al., 2009),
assuming a standard deviation of 1.49 glass of soda, with a power of 80%
and a 5% significance level, it would be possible to detect a difference of
0.5 cup in consumption between the two groups and differences of one
unit in BMI, with 140 students in each arm of the trial (intervention and
control groups). Thus the final sample sizewith available blood samples
of about 480 would be able to detect both weight changes and
associated changes in metabolic markers such as glucose and
cholesterol (Fig. 1).

To prevent contamination of intervention, schools were randomized
instead of classes. After ranking schools based on their prevalence of
overweight, randomization was computer generated by researchers
using blocks of four schools, following the ranking, balancing interven-
tion and control groups by BMI. The last two on the list were randomly
assigned to the intervention and control groups.
y (Niterói/Brazil, 2005).



Table 1
Baseline characteristics of all randomized students, according to their availability of blood
samples (Niterói/Brazil, 2005).

Characteristics No blood samples
(n = 662)

At least one blood
sample (n = 478)

p-Valuea

Female - % (n) 50.8 (336) 55.6 (266) 0.10
Non-white skin - % (n) 55.2 (282) 60.8 (282) 0.08
Soft drink intake - % (n)

Never to once/week 29.1 (149) 30.5 (141) 0.04
2 to 6 times/week 48.0 (246) 53.0 (245)
At least once/day 22.9 (117) 16.5 (76)

Overweight - % (n) 20.4 (134) 19.1 (91) 0.58
Age (years) - mean (SD) 10.9 (0.78) 10.8 (0.78) 0.05
Body mass index
(kg/m2) - mean (SD)

18.2 (3.33) 18.2 (3.55) 0.76

Data are expressed as mean (standard deviation) or frequency (number of observations).
a Student's or chi-square test. In bold – p b 0.05 on chi-square partition.
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2.2. Intervention

Considering that schools play an important role in obesity prevention
(Story et al., 2006), our intervention consisted of a one-year school time
healthy lifestyle educational program, delivered via classroom activities
distributed in ten one-hour sessions, conducted by four trained research
assistants. Full description of the program can be found elsewhere
(Sichieri et al., 2009). In short, banners promoting water consumption
were hung in intervention schools, and children were taught the impor-
tance of drinking water through classroom activities using simple mes-
sages that encouraged the consumption of water instead of sugar-
sweetened carbonated beverages, such as games, and quizzes, as well as
drawing and songs competition, using “water v. sugar-sweetened carbon-
ated beverages” as theme. Teachers were encouraged to reaffirm the
message during their classes. In the control group, only two one-hour
sessions were developed, with approach on general health issues, and
students received printed guidelines on healthy eating.

2.3. Main outcome

The main outcome in this analysis is the change in fasting glucose
and total cholesterol from baseline to end of follow-up. Blood samples
were collected in schools by trained laboratory technician. Children
were asked to be fasting 10–12 h as previously scheduled, and adher-
ence of fasting was asked before collection. After collection, blood sam-
ples were kept in thermal bags with ice gel packs for transportation to
the laboratory of Physiology, Nutrition and Development of the State
University of Rio de Janeiro, where samples were centrifuged and
serum was immediately stored at−70 °C. Serum cholesterol and plas-
ma glucose were obtained by enzymatic-colorimetric method
(GoldAnalisa Kit) using the Konelab 6.0.1 device with automated read-
ing. All biochemical analyzes were performed within one month after
finishing all blood collection.

The prevalence of impaired fasting glucose (≥100mg/dL) (American
Diabetes Association, 2016), moderately high total cholesterol
(≥150 mg/dL) (Xavier et al., 2013) and hypercholesterolemia
(≥170 mg/dL) (Xavier et al., 2013) were also determined.

2.4. Compliance with the reduction of sodas

Dietary intake was assessed by two 24-hour recall, at baseline and
the end of follow-up. Total energy andmacronutrients intake were esti-
mated by the Nutrition Support Programme (Nutwin, version 2.0), a
Brazilian software that contains usual portion sizes (Departamento de
Informática em Saúde, Universidade Federal de São Paulo, Brazil).

Soft drink intake was also estimated using a self-administered fre-
quency questionnaire on consumption of beverages, drawn from the
food frequency questionnaire validated for adolescents (Araujo et al.,
2010), consisting of 14 questions regarding the type and frequency of
drinks usually consumed, except alcoholic. A usual serving of drink
was standardized in a 250 ml glass for all drinks, which were fruit
juice, milk, yogurt, soft drink and guaraná drink. The frequency of con-
sumption included eight possible answers: never or less than once per
month; 1–3 times per month; one time per week; 2–4 times a week;
5–6 times per week; one time per day; 2 to 3 times a day and N3
times a day. For analyses, we considered only the frequency of soft
drink grouped into three categories: never to 4 times per month, 2 to
6 times per week and once a day or more. Questionnaires were checked
at the time of delivery, making it possible to correct errors in filling in.

2.5. Anthropometric evaluation

Body weight and stature were measured using standardized proce-
dures (Gordon et al., 1988). With both measures, we calculated BMI
and analyzed it as a continuous variable but also as categorical. BMI
was classified according to the World Health Organization references
for children and adolescents (de Onis, 2007) and grouped into two cat-
egories: Overweight (overweight + obesity) and non-overweight
(thinness + normal weight).

2.6. Data analysis

Continuous variables were tested for normality distribution. BMI
was log-transformed due to skewed distribution. The mean, standard
deviation and frequency of the variables of interest were calculated.

In order to address differences between intervention and control
groups at the end of follow-up, the effect size of intervention on each
outcome was obtained by calculating Cohen's d (Cohen, 1992), by the
formula: (M1−M2)/SDp, where M1 was the mean of control group,
M2 was the mean of intervention group and SDp is the pooled standard
deviation for both groups at the end of follow-up.

Temporal changes for continuous variables (BMI, fasting glucose,
total cholesterol, soft drink consumption, energy and macronutri-
ents intake) were evaluated using linear mixed models(Singer and
Willett, 2003) (PROC MIXED command in SAS 9.1), whereas changes
on categorical outcomes (impaired fasting glucose, moderately high
total cholesterol and hypercholesterolemia) were evaluated through
generalized linear models (PROC GENMOD procedure in SAS 9.1).
Both analyses were intention-to-treat and included all observations
available of each one of the subjects regardless of loss to follow-up
or compliance. Analysis of changes from baseline for fasting glucose
and total cholesterol included its baseline values as a covariate. All
analysis was performed taking into account cluster effect (classes).
The term of interest was treatment × time interaction, which
estimates the rate of changes in the outcomes over time. Statistical
significance was set at p ≤ 0.05 for all analyses.

3. Results

Among the 1166 eligible students, twenty-six refused to participate
in the research or did not return the informed consent. Four hundred
and seventy-eight children (238 in intervention group and 240 in con-
trol group) had blood samples collected at either baseline or follow-up
and were included in our analysis. On the intervention and control
groups, respectively, 64.3% and 65.4% of the children had biochemical
data for both baseline and the end of follow-up (Fig. 1).

As the study had many losses on biochemical data due to refusal to
take part in blood collection or absence on collection days, baseline
characteristics were compared between students who had at least one
blood sample during the study and those who did not participate in
any blood collection. Frequency of adolescents who consumed soft
drink at least once a daywas higher among thosewith no blood samples
(22.9% vs. 16.5%) compared to those with at least one blood sample
(Table 1).



Table 3
Crude mean (standard deviation) in the follow-up, changes from baseline (Δ) and effect
sizes for biochemical and dietary parameters after one school year by groups (Niterói/Bra-
zil, 2005).

Variables Mean (SD) Δa p-Valuea Effect sizeb

Glucose (mg/dL)
Intervention 76.57 (15.76) −9.12 b0.001 0.24
Control 81.22 (22.22) +0.51

Total cholesterol (mg/dL)
Intervention 154.21 (29.67) −10.34 b0.001 0.06
Control 156.18 (31.24) +2.14

Total energy (kcal/day)
Intervention 1952.5 (719.0) −384.0 0.03 0.15
Control 2068.5 (796.0) −193.7

Carbohydrate (g/day)
Intervention 294.8 (113.2) −59.3 0.04 0.11
Control 308.1 (126.2) −31.1

Protein (g/day)
Intervention 78.2 (33.4) −10.0 0.50 0.01
Control 78.5 (30.2) −7.6

Lipids (g/day)
Intervention 51.8 (24.4) −11.6 0.01 0.25
Control 58.6 (30.2) −3.4

Soft drinks (g/day)
Intervention 206.1 (286.2) −142.3 0.003 0.16
Control 264.0 (431.3) −25.5

Fruit juices (g/day)
Intervention 119.1 (225.2) +12.4 0.48 −0.03
Control 112.5 (217.0) +29.1

a Model include time, treatment and time × treatment interaction adjusted for baseline
values and cluster effect.

b Cohen's d.
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Baseline characteristics were also compared between interven-
tion and control groups, among the 478 adolescents included in our
study. Intervention and control groups were similar at baseline for
almost all variables analyzed, except for soft drink intake, mean of
fasting glucose, mean of total cholesterol and the frequency of high
cholesterol levels, that were all greater in the intervention group
(Table 2).

Mean changes from baseline for anthropometric, dietary and bio-
chemical data, as well as effect size of intervention on each outcome,
are shown in Table 3. At the end of follow-up, we observed statistically
significant differences in mean changes between intervention and con-
trol groups for both fasting glucose (−9.12mg/dL vs. +0.51mg/dL; p b

0.001) and total cholesterol (−10.34 mg/dL vs. +2.14 mg/dL; p b

0.001). Intervention group had also a greater reduction in total energy
(−384.0 kcal vs. −193.7 kcal; p = 0.03), carbohydrate (−59.3 g vs.
-31.1 g; p = 0.04), lipids (−11.6 g vs. −3.4 g; p = 0.01) and soft
drink intake (−142.3 g/day vs.−25.5 g/day; p = 0.003) from baseline
to the end of follow-up when compared with the control group. On the
other hand, fruit juices consumption has rose in both intervention
(+12.4 g/day) and control (+29.1 g/day) groups, with no statistically
significant difference between them. The effect sizes of intervention
on each outcome variables were small, being the effect on serum glu-
cose (0.24) and lipids intake (0.25) the highest ones.

Additionally, we have also evaluated changes in the prevalence of
impaired blood glucose and cholesterol levels by groups. A decrease
in the prevalence of high glucose levels among interventions with a
concomitant increase among controls (12.9% to 10.5% and 11.0% to
19.8%, respectively; p = 0.04) was observed. The same pattern was
perceived for the prevalence of hypercholesterolemia, in which in-
tervention group showed a decrease with increase in the control
group (39.1% to 29.1% and 26.0% to 28.7%, respectively; p = 0.03)
(Table 4).
4. Discussion

In the present study, a reduction of blood fasting glucose and total
cholesterol among adolescents in the intervention group compared
with control was observed. The intervention group had statistically
Table 2
Baseline characteristics of participants (Niterói/Brazil, 2005).

Variable Intervention (n =
238)

Control (n =
240)

p-Valuea

Boys – % (n) 55.0 (131) 56.2 (135) 0.79
Non-white skin - % (n) 62.4 (146) 59.1 (136) 0.47
Age (years) – mean (SD) 10.9 (0.83) 10.8 (0.73) 0.58
Body mass index (kg/m2) –
mean (SD)

18.0 (3.46) 18.4 (3.64) 0.26

Overweight - % (n) 18.9 (45) 19.2 (46) 0.92
Frequency of soft drinks – % (n)

Never to 4 times/month 31.7 (73) 29.3 (68) 0.51
2 to 6 times/week 50.4 (116) 55.6 (129)
Once/day or more 17.8 (41) 15.1 (35)

Dietary intake – mean (SD)
Total energy (kcal/day) 2339.0 (930.9) 2255.5 (917.6) 0.33
Carbohydrate (g/day) 354.4 (145.1) 338.3 (143.8) 0.23
Protein (g/day) 88.4 (35.5) 86.1 (35.6) 0.48
Lipids (g/day) 63.6 (31.5) 61.8 (33.9) 0.56
Soft drinks (g/day) 350.1 (423.8) 274.4 (374.7) 0.04

Fruit juices (g/day) 104.7 (207.8) 84.8 (187.3) 0.28
Glucose (mg/dL) – mean (SD) 85.12 (13.2) 81.58 (14.5) 0.006

≥ 100 mg/dL - % (n) 12.87 (30) 10.97 (26) 0.52
Total cholesterol (mg/dL) –
mean (SD)

162.39 (24.9) 153.59 (26.3) b0.001

≥ 150 mg/dL - % (n) 70.67 (159) 53.19 (125) b0.001
≥ 170 mg/dL - % (n) 39.11 (88) 25.96 (61) 0.003

Data are expressed as mean (standard deviation) or frequency (number of observations).
a Student's or chi-square test.
significant reduction of carbonated sugar-sweetened beverages com-
pared to the control, as well as reduction in total calories, carbohydrate
and lipids intake.

These findings are in line with results from a systematic review
about the effects of soft drink consumption on total caloric intake
(Vartanian et al., 2007) and also with studies which have investigated
the effect of increasing SSB intake on cardiometabolic risk profile. Over-
weight adults participating in an intervention study had an increase of
11.4 mg/dL in serum cholesterol and 3.4 mg/dL in fasting glucose after
six months consuming 1 L/day of cola soft drink (Maersk et al., 2012).
In a cohort of Australian adolescents, increasing the consumption of
SSB between 14 and 17 years old resulted in decreased HDL-cholesterol
and increased cardiovascular risk and serumconcentrations of triglycer-
ides at the age of 17, independent of BMI (Ambrosini et al., 2013). In a
Canadian sample of 8 to 10 years old children, a 100mL higher SSB con-
sumption has been associated with a 0.1 unit higher HOMA-IR and a
1.1 mm Hg higher systolic blood pressure (Wang et al., 2013). Among
European children and adolescents of multicenter cross-sectional stud-
ies, consuming SSB more than five times per week was independently
associated with increased insulin resistance, indicated by the HOMA-
IR index (Kondaki et al., 2013), and the highest consumption of these
beverages was related to greater odds of having cardiovascular risk
(Bel-Serrat et al., 2013). Besides that, it has been shown that the total in-
take of fructose (either from fruits and vegetables or sweets and SSB)
among overweight adolescentswas predictive of smaller-sized LDL cho-
lesterol particles (Aeberli et al., 2007), which are potentially more ath-
erogenic (Berneis, 2002).

Although significant, intervention had a small effect in reducing
serum glucose (0.24) and cholesterol (0.06), as well as the intake of
total energy, carbohydrates, protein and lipids, and soft drink
consumption in our sample. In ameta-analysis that addressed strategies
for the promotion of healthy eating in primary school children, Dudley
and colleagues reported curriculum approaches for reducing sugar
consumption had also a small (d=0.28)mean effect size, but cross-cur-
ricular approaches seemed to bemore effective (d=0.42) for reducing
sugar consumption, although only two interventions had this kind of
strategy (Dudley et al., 2015).



Table 4
Frequencies of impaired fasting glucose (≥100 mg/dL), moderately high total cholesterol (≥150 mg/dL) and hypercholesterolemia (≥170 mg/dL) on baseline and at the end of follow-up,
by groups.

Frequencies on baseline
% (n)

Frequencies on follow-up
% (n)

p-Value

Interventiona Controlb Interventionc Controld

Glucose ≥ 100 mg/dL 12.9 (30) 11.0 (26) 10.5 (16) 19.8 (31) 0.04
Cholesterol ≥ 150 mg/dL 70.7 (159) 53.2 (125) 55.6 (84) 56.7 (89) 0.002
Cholesterol ≥ 170 mg/dL 39.1 (88) 26.0 (61) 29.1 (44) 28.7 (45) 0.03

a n = 233 for glucose; n = 225 for cholesterol.
b n = 237 for glucose; n = 235 for cholesterol.
c n = 153 for glucose; n = 151 for cholesterol.
d n = 157 for glucose and cholesterol analyses.
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A limitation of our study is that only 43% of the randomized sample
accepted to participate in blood collection on either baseline or follow-
up. We compared students who had no blood samples with those who
had at least one blood sample to identify possible bias due to refusals.
The only difference observed was a higher frequency of adolescents
consuming soft drinks at least once a day among those with no blood
samples, what could lead our results towards the null hypothesis,
since greater consumers of soft drinks could have better adherence to
intervention. Even though,we observed improvement inmetabolic pro-
file for those who provided blood samples.

Another limitationwas that intervention and control groups haddiffer-
ences on baseline for soft drink intake, mean of fasting glucose, mean of
total cholesterol and the frequency of high cholesterol levels. Nevertheless,
all analyseswere adjusted by baseline values, in order towork around this
question. The use of only one dietary 24-hour recall in each phase of the
trial was also a limitation of our study, since it could be not representative
of theusual intake of respondents.Wehave tried to avoid this limitationby
using a 3-day diary during the pre-test, but most children did not return
themor brought themwith incomplete data. Even so, one 24-hour dietary
recall provides a good estimation of group intake (classes) (Buzzard, 1998)
and was also consistent to data from food frequency questionnaire on
baseline in our sample (Sichieri et al., 2009).

In the present study, discouraging soft drink consumption among
children has led to a decrease in both fasting glucose and total cholester-
ol at the end of one school year, suggesting that these beverages may
play a role in the development of cardiometabolic risk in childhood.
The importance of our results, which corroborate many observational
studies, is due to the experimental design. In most of the observational
studies, it is difficult to disentangle the effects of beverages onmetabolic
indicators since changes in adiposity are also related to beverage
drinking. Besides that, this was the first study in Brazil assessing the
effect of an intervention focused on reducing SSB consumption in
metabolic profile of children and adolescents.

Given the potential harm that SSB consumption may offer, public
health strategies have been discussed in an attempt to change the current
scenario of excessive consumption of these beverages, such as increasing
tax rates for soft drinks (Blecher, 2015; Brownell and Frieden, 2009). Espe-
cially among children and adolescents, changing school environment
could be a good alternative to reduce the intake of SSB, since it has been
shown that students who usually buy SSB from the school canteen are
more likely to be high consumers of these beverages (Hebden et al.,
2013). Those initiatives, alongwith health campaigns and nutrition educa-
tion, especially when facilitated by school staff, parents and families
(Meiklejohn et al., 2016), can help change the scenario of excessive con-
sumption of SSB. This reduction could contribute to the potential decrease
in the burden of non-communicable diseases (Singh et al., 2015a),
preventing its deleterious effects on the entire population.
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