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Abstract

Objective: To assess the association between the consumption of sugar-sweetened

carbonated beverages (SSCB) and obesity in children and adolescents from Navarra

(Spain).

Design: We used a matched case—control study design. The exposure, SSCB con-

sumption (1 serving: 200ml), was measured with a previously validated FFQ.

Anthropometrical measures were taken using standardized protocols. The outcome,

obesity, was defined as BMI above the age- and sex-specific 97th percentile

according to the Spanish reference charts. In the analysis we used conditional

logistic regression. Potential confounders were controlled using a multivariable

model.

Setting: Subjects were recruited in the paediatric departments of the Universidad de

Navarra Clinic and the Navarra Hospital Complex, and in three primary health

centres of Navarra. Controls were recruited when attending for a routine medical

examination or vaccination.

Subjects: One hundred and seventy-four obese children and 174 individually

sex- and age-matched controls, 52-:87% boys, with a mean age of 11-6 years.

Exclusion criteria were dietary interventions, exposure to hormone treatment,

development of secondary obesity due to endocrinopathy and serious intercurrent

illness.

Results: Independently of other factors, high consumption of SSCB (>4 servings/

week) was significantly associated with obesity (OR = 3-46; 95% CI 1-24, 9-62;

P=0-01). Besides, each additional daily serving of SSCB was associated with a 69 % Keywords
relative increase in the risk of obesity (OR = 1-69; 95% CI 1-04, 2-73; P=0-03). Soft drinks
Conclusions: We found a strong and significant association between SSCB con- Soda
sumption and obesity risk. Our results suggest a monotonic dose—response linear Children
shape for this association in children and adolescents (P for trend = 0-02). Obesity

Obesity is a chronic disease that results from an imbalance
of energy homeostasis. The mechanisms underlying this
metabolic disorder reflect complex interactions of genetic,
environmental and behavioural factors. Many studies sug-
gest that obesity increases the risk of many other chronic
diseases such as type 2 diabetes, metabolic syndrome or
some types of cancer, and that becoming obese earlier in
life clearly amplifies that risk. The increasing prevalence of
obesity among children and adolescents has become an

+ GENOI (Grupo Navarro de Estudio de la Obesidad Infantil) Members:
C Azcona-SanjJulian, JA Martinez, M Chueca, M Oyarzabal, A Patifio, R
Pelach and MJ Moreno-Aliaga.

*Corresponding author: Email mamartinez@unav.es

https://doi.org/10.1017/5136898001300356X Published online by Cambridge University Press

important public health problem and a priority issue for
authorities™?.

The worldwide study conducted in 2004 by the Inter-
national Association for the Study of Obesity'” found
among children aged 5-17 years that 10 % were overweight
and 2-3% were obese, according to the International
Obesity Task Force criteria. In Europe the prevalence of
overweight or obesity is over 20% with many differences
among countries. According to the International Associa-
tion for the Study of Obesity, Spain shows one of the
highest prevalences of obesity in Europe, with 29-5%
of girls and 32:3% of boys being overweight or obese.
These numbers are similar to those from the Aladino study,
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conducted in Spain between October 2010 and May 2011
and including more than 7600 children aged 6-9 years'”.
The latter cross-sectional study found a prevalence of
26:2% for overweight and a prevalence of 18:3% for
obesity among Spanish children.

The consumption of soft drinks has increased globally
in parallel with the obesity epidemic. According to the
Beverage Marketing Corporation, the US liquid refreshment
beverage market grew by 1-0% in 2012 with the production
of 29-8 billion gallons, and carbonated soft drinks remain
by far the biggest liquid refreshment beverage category™®.
Something similar happened in Spain. According to the
latest data published by the Refreshment Beverages Asso-
ciation (ANFABRA), liquid refreshment beverage production
increased by 1-4% in 2007 with the production of 4400
million litres just in Spain®. Although sugar-free beverage
production has increased, nowadays it represents only 25 %
of the total production. The consumption of soft drinks in
Spain increased by 41-5% from 1991 to 2001 and is still
on the rise®. According to the Dietary Intake National
Survey conducted in 2008 in Madrid among children aged
5 to 12 years, the mean consumption of sugar-sweetened
beverages was 55-7ml/d (1-88 US fl oz/d). The consump-
tion tends to increase with age, being twice as high among
preadolescents compared with children aged 5 years (92-6
v 45-2ml/d (313 v 153 US fl oz/d)7.

Many studies suggest that the obesity epidemic is strongly
related to an increase in soft drink consumption®'?. The
term ‘soft drink’ includes sodas and other sugar-sweetened
beverages such as fruit-flavoured juices, lemonade and iced
tea. The term ‘soda’ refers specifically to sugar-sweetened
carbonated beverages (SSCB). Depending on the flavour
and the brand, one soda provides 176 to 218k]J (42 to
52kcal) and 106 to 12:9g of added sugar per 100ml
(3-38 US fl 0z), which means 2-2-2-7 teaspoons of sugar
per 100ml (7-2-9 teaspoons of sugar in a regular can
of 330 mD. This added sugar appears in the form of high-
fructose corn syrup (45% glucose and 55% fructose)
in the USA and in the form of sucrose (50 % glucose, 50 %
fructose) in Europe. It has been suggested that the change
in body fatness might be mediated principally by higher
actual energy intake due to the amount of rapidly absorb-
able sugars and the lower satiety associated with liquid
carbohydrates compared with carbohydrates consumed in
solid form™™®_ In addition, according to some authors,
fructose, which is digested, absorbed and metabolized
differently from glucose, is much more likely than glucose
to be the culprit of the deleterious effects of added sugars in
inducing weight gain and other metabolic traits. Fructose
acutely increases thermogenesis, TAG levels and lipo-
genesis, as well as blood pressure, and raises uric acid,
which has been defined as an important and independent
predictor of obesity and metabolic syndrome. However,
fructose does not enhance insulin secretion or leptin
production, both important factors in food intake and
body weight regulation**'®,
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The aim of the present study was to assess the associa-
tion between SSCB consumption and obesity in a matched
case—control study conducted in Navarra (Spain).

Experimental methods

Participants

The study population was 348 children and adolescents
(174 cases and 174 matched controls) aged 5-5-18-8 years
(mean and median age: 11-6 years) enrolled in the
GENOI (Grupo Navarro de Estudio de la Obesidad
Infantil) case—control study, started in 2001"?. Partici-
pants were recruited from the paediatric departments
at the Navarra Hospital Complex and the University of
Navarra Clinic and from three primary health centres of
Navarra (Spain). Cases (7 174) were children/adolescents
with BMI above the age- and sex-specific 97th percentile
according to the Spanish BMI reference charts®”.
Exclusion criteria were dietary intervention, exposure to
hormone treatment, development of secondary obesity
due to endocrinopathy and serious intercurrent illness.
Controls (72 174) were healthy children/adolescents with
BMI below the 97th percentile of the same reference
charts, recruited when they attended the primary care
centres for a routine medical examination or vaccination.
Controls were individually matched to cases by sex and
age (6 months).

Anthropometric measures were collected in a medical
environment by trained personnel using standard proce-
dures. Height was measured to the nearest centimetre
and weight to the nearest 100 g with a digital balance
(TBF-300A Body Composition Analyser/Scale; TANITA,
Tokyo, Japan). Body fat mass percentage was determined
by bioelectrical impedance (TBF-300A Body Composition
Analyser/Scale; TANITA).

The study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures
involving human subjects were approved by the corres-
pondent ethics committee. Written informed consent was
obtained from participants older than 12 years and the
parents of younger participants.

Exposure assessment

A trained researcher conducted individual interviews with
each participant and his/her parents according to standard-
ized protocols. Information about SSCB consumption was
obtained from a previously validated semi-quantitative
FFQ“!'*?_ For each item in the questionnaire an average
portion size was defined and each participant and his/her
parents were asked how often they had consumed them
throughout the previous year. One serving of SSCB was
estimated as 200ml (6-76 US fl oz). The FFQ offered
nine possible response categories ranging from ‘never or
almost never’ to ‘six or more times a day’. From this
information, four different categories were defined for
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SSCB consumption: (i) never or almost never, (i) <1 serving/
week, (i) 1-4servings/week and (iv) >4servings/week.
The total consumption per day was calculated for each
participant from the information in the FFQ.

Statistical analysis

Student’s #test and the y* test were used when comparing
means and proportions. A P value =0-05 was set as the
statistical significance level for all statistical analyses.

Conditional multivariable logistic regression models were
used to assess the association between SSCB consumption
and obesity among children and adolescents. Cases and
controls were matched by sex and age. We calculated the
conditional (matched) odds ratio and its 95% confidence
interval for obesity associated with each category of SSCB
consumption. Additionally, the consumption of SSCB was
introduced in the model as a continuous variable and we
calculated the odds ratio and 95% confidence interval for
obesity associated with each additional daily serving of
SSCB (200 ml, 6-76 US fl oz). Potential confounders were
taken into account in the multivariable model.

The association between SSCB consumption and con-
tinuous variables, such as BMI or body fat mass percentage,
was assessed by a multivariable-adjusted linear regression
model. We used the first category (never or almost never
consumption) as the reference category for all analyses.

Besides the information about SSCB consumption, the
FFQ included 118 other food items, grouped in the
following categories: dairy products, eggs, meat and fish,
vegetables, fruits, legumes and cereals, fats and oils, bakery,
beverages and other foods not included in the previous
categories. The beverage section of the FFQ included not
only SSCB, but also other soft drinks such as fruit juices,
fruit-flavoured juices, non-caloric or diet beverages and
water. Total energy intake was estimated from the data in
the FFQ.

Many different foods and dietary patterns have been
suggested to be associated with obesity. We calculated
the adherence to the Mediterranean dietary pattern
according to the index described by Trichopoulou et al.
In our study, the score ranged from 0 to 8 because alcohol
intake was excluded from the index®”. Nowadays, the
Mediterranean dietary pattern is being displaced by a
Westernized pattern, characterized by higher fast-food
consumption. The indicator of fast-food consumption in
our study was estimated as the sum of three items of
the FFQ: pizza, hamburgers and sausages"'”. In order
to adjust by potential confounders, we introduced this
indicator and other sugar-sweetened beverages, such as
fruit-flavoured juices, in the multivariable model.

The interviews also included a previously validated phy-
sical activity questionnaire containing seventeen activities
and ten possible response categories for frequency, ranging
from ‘never’ to ‘eleven hours or more per week*. Based
on published studies, a multiple of resting metabolic rate
was assigned to each activity (MET-h). We defined an
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activity metabolic equivalent index and calculated the
physical activity developed by each participant (MET-h/
week). Sedentary behaviour was estimated as the sum of
hours spent watching television and in front of the
computer. Physical activity and sedentary behaviour
were introduced separately and as continuous variables
in the multivariable model to control for their potential
confounding effect.

We used the residual method (linear regression model)
to calculate the age-adjusted BMI. An ANCOVA was used
to calculate the sex- and age-adjusted mean and 95%
confidence interval of BMI across categories of SSCB
consumption.

Results

Table 1 shows the main baseline characteristics of
both case and control groups. As expected, cases and
controls were very different in anthropometric indices.
Cases showed a significantly higher BMI Z-score and body
fat mass percentage than controls (both P<0-01). We
found an unexpected significantly higher total energy
intake in controls than in cases (P<<0-01), which might be
related to higher energy expenditure in controls and higher
prevalence of sedentary lifestyles in cases. In fact, we found
significantly higher physical activity in controls (P<<0-01).
The sedentary behaviour was included separately in the
multivariable analysis. Cases reported more hours per week
watching television or using a computer, but this difference
was not statistically significant.

As also shown in Table 1, the estimated daily consump-
tion of SSCB, calculated from the FFQ, was significantly
higher in cases than controls (P<0-01); on the contrary,
cases reported lower consumption of fruit-flavoured juices
but this difference was not statistically significant.

We found a similar and low adherence to the Medi-
terranean dietary pattern in both groups. Cases exhibited a
higher consumption of fast food but a lower consumption
of commercial bakery items than controls, although these
differences were not statistically significant.

Figure 1 shows the mean sex- and age-adjusted BMI
values across categories of SSCB consumption. Higher
categories of SSCB consumption were not statistically
different from the lowest category regarding average BMI,
but we did find a significant trend (P for trend = 0-043)
supporting a direct association between higher SSCB
consumption and higher sex- and age-adjusted BMI.

We calculated the odds ratio and its 95% confidence
interval for obesity associated with each category of SSCB
consumption. As shown in Table 2, independently of
other factors, the point estimate of the odds ratio was
above the null value for all categories of SSCB con-
sumption, but it was not significant for the intermediate
categories (<1 or 14 servings/week). Nevertheless, we
found a direct, strong and significant association for the
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Table 1 Baseline main characteristics of the participants: obese children (cases) and individually sex- and age-matched controls aged
5-5-18-8 years (mean age 11-6 years), Navarra (Spain)

Controls (n 174) Cases (n 174)
Mean or n SD Or % Mean or n SD Of % P

Sex (male) 92 52-87 92 52-87 1
Age (yearsz) 11-60 2:71 11-50 2:62 0-73
BMI (kg/m<) 19-03 2-80 27-78 4.67 <0-01
BMI Z-score 0-20 0-89 3-82 1-65 <0-01
Body fat mass percentage 18-19 8-09 35-39 7-25 <0-01
SSCB (servings/d)* 0-23 0-46 0-45 1-01 <0-01

Never or almost never 68 39-08 56 32:18

<1 serving/week 35 20-11 28 16-09

1-4 servings/week 57 32:76 64 36-78

>4 servings/week 14 8-:05 26 14-94
Fruit-flavoured juice (servings/d)* 0-82 1-64 0-73 1-70 0-56
Energy intake (kJ/d) 13 414 2880 11 911 381 <0-01
Physical activity (MET-h/week) 36 21 20 12 <0-01
TV or PC use (h/week) 16-21 10-79 18-00 10-64 0-12
Adherence to the MDP (0-8 points)t 3-09 1-52 3-14 1-54 0-77
Fast food (servings/d)t 0-26 0-22 0-31 0-27 0-06
Commercial bakery items (servings/d) 1-81 1-30 172 1-37 0-51

SSCB, sugar-sweetened carbonated beverage; MET, metabolic equivalent of task; TV, television; PC, personal computer; MDP, Mediterranean dietary
pattern.

*1 SSCB serving =200 ml (6-76 US fl 0z).

tAdaptation of the index described by Trichopoulou et al®® The consumption of alcohol was excluded in this modified index.

tFast-food consumption indicator was calculated as the sum of hamburger, pizza and sausage consumption.

30 -
24-86

Age- and sex-adjusted BMI (kg/m?2)

No consumption <1 1-4 >4
SSCB consumption category (servings/week)

Fig. 1 Age- and sex-adjusted BMI in each category of sugar-sweetened carbonated beverage (SSCB) consumption (1 SSCB
serving =200 ml (6-76 US fl 0z)) among 174 obese children (cases) and 174 individually sex- and age-matched controls aged
5-5-18-8 years (mean age 11-6 years), Navarra (Spain). Values are means with their 95 % confidence intervals represented by
vertical bars; P for trend = 0-043

highest category of SSCB consumption (>4 servings/ Figure 2 shows the linear trend for obesity and SSCB
week) and obesity (OR=2:25; 95% CI 1-12; 5-19; consumption. We represented the previously defined four
P=0-02), which became stronger when confounders categories of consumption and used the same reference
were controlled for in the multivariable model (OR= category. We used a continuous scale and each category
3-46; 95% CI 1-24, 9-62; P=0-01). is represented according to the median value of SSCB
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Table 2 Odds ratios and 95 % confidence intervals for obesity according to SSCB consumption among 174 obese
children (cases) and 174 individually sex- and age-matched controls aged 5-5-18-8years (mean age 11-6 years),
Navarra (Spain). ‘Never or almost never consumption’ was considered as the reference category (1 SSCB

serving =200ml (6-76 US fl 0z))

OR 95% ClI P
Model 1
For each + 1 daily serving consumption 1-56 1-09, 2-:25 0-01
Consumption category
Never or almost never 1-00 -
<1 serving/week 0-94 0-51,1-73 0-85
1-4 servings/week 1-40 0-86, 2-29 0-17
>4 servings/week 2:25 1-12, 5-19 0-02
Model 2
For each + 1 daily serving consumption 1-69 1-04, 2-73 0-03
Consumption category
Never or almost never 1-00 -
<1 serving/week 111 0-46, 2-69 0-80
1-4 servings/week 1-52 0-75, 3-08 0-24
>4 servings/week 3-46 1-24, 9-62 0-01

SSCB, sugar-sweetened carbonated beverage.
Model 1: adjusted for sex and age (matching variables).

Model 2: adjusted for sex, age, total energy intake, physical activity, sedentary behaviour (time spent watching television or using
a computer), fast-food consumption (pizza, hamburgers and sausages) and other sugar-sweetened beverage consumption

(fruit-flavoured juices).

10

L

0 <1 14
(0-06) (0-14)

>4
(1-00)

SSCB consumption category (servings/week)

Fig. 2 Odds ratio (®) and 95 % confidence interval (represented by vertical bar) for obesity in each category of sugar-sweetened
carbonated beverage (SSCB) consumption (1 SSCB serving =200ml (6-76 US fl 0z)) among 174 obese children (cases) and
174 individually sex- and age-matched controls aged 5-5-18-8 years (mean age 11-6 years), Navarra (Spain). The linear trend is
represented using the median consumption (servings/d) for each category in the x-axis; P for trend = 0-02

consumption within that category. We drew a fitting line
that showed a significant linear trend (P for trend = 0-02),
suggesting a monotonic dose-response effect of SSCB
consumption on obesity among children and adolescents.

When we assessed SSCB consumption as a continuous
exposure (Table 2), we found a significant association for
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obesity and each additional daily serving of SSCB (OR =
1-56; 95% CI 1-09, 2-25; P=0-01), which remained
significant in the multivariable model (OR = 1-69; 95 % CI
1-04, 2-73; P=0-03) after adjusting for age, sex, total
energy intake, physical activity, sedentary behaviour, fast-
food and fruit-flavoured juice consumption.
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Table 3 Beta coefficients and 95 % confidence intervals for body fat mass percentage according to SSCB consumption among 174 obese
children (cases) and 174 individually sex- and age-matched controls aged 5-5-18-8 years (mean age 11-6 years), Navarra (Spain). ‘Never
or almost never consumption’ was considered as the reference category (1 SSCB serving =200ml (6-76 US fl 0z))

95 % ClI P
Model 1
For each + 1 daily serving consumption +1-83 +0-32, +3-35 0-02
Consumption category
Never or almost never 0-00 -
<1 serving/week —0-06 —3-46, +3-34 0-97
1-4 servings/week +2-82 -0-07, +5-72 0-06
>4 servings/week +5-14 +0-98, +9-30 0-01
Model 2
For each + 1 daily serving consumption +1-47 +0-11, +2-82 0-03
Consumption category
Never or almost never 0-00 -
<1 serving/week —0-06 —3-23, +3-11 0-97
1-4 servings/week +2-15 —0-56, +4-87 0-12
>4 servings/week +4-80 +1-04, +8-56 0-01

SSCB, sugar-sweetened carbonated beverage.
Model 1: adjusted for sex and age (matching variables).

Model 2: adjusted for sex, age, total energy intake, physical activity, sedentary behaviour (time spent watching television or using a computer), fast-food
consumption (pizza, hamburgers and sausages) and other sugar-sweetened beverage consumption (fruit-flavoured juices).

In an ancillary analysis, we assessed age-adjusted BMI as
the dependent variable (data not shown). We used a
logarithmic transformation in order to achieve a normal
distribution of the data. The adjusted multivariable linear
regression model showed a significant association between
age-adjusted BMI and each daily serving of SSCB con-
sumption (8 = +0-03 kg/m* 95% CI +0-001, +0-06 kg/m?;
P=0-038). When we studied the different categories
of SSCB consumption, the adjusted multivariable linear
regression model showed a significant association for age-
adjusted BMI and SSCB consumption of >4 servings/week
v. the category of reference (8= +0-07kg/m?% 95% CI
+0:003, +0-15kg/m? P=0-042).

The assessment of the association between SSCB
consumption and body fat mass percentage is shown in
Table 3. We found a direct but non-significant association
for the intermediate v. the lowest category of SSCB con-
sumption and body fat mass percentage (8 = +2-82 in the
crude model and B= +2-15 in the adjusted modeD.
Nevertheless, our results showed a direct and significant
association between body fat mass percentage and the
highest ». the lowest category of SSCB consumption
(B =+514; 95% CI +0-98, +9-30; P= 0-01) that remained
significant in the multivariable-adjusted model (8 = +4-80;
95% CI +1-04, +8:56; P=0-01). We also found a signi-
ficant and direct association between each daily extra
serving of SSCB and body fat mass percentage in both the
crude (B=+1-83; 95% CI +0-32, +3-35; P=0-02) and
the adjusted model (8= +1-47; 95% CI +0-11, +2-82;
P=0-03).

Discussion

The present case—control study suggests a monotonic,
linear dose-response direct association between SSCB
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consumption and obesity among children and adolescents
(P for trend = 0-02). We found that, independently of other
factors, each daily serving of SSCB was significantly asso-
ciated with a higher risk of obesity (P=0-03). We also
found a strong and significant association for obesity and
the highest category of SSBC consumption (>4 servings/
week) v. the category of reference (never or almost never;
P=0-0D.

The inclusion of BMI as the dependent variable in the
multivariable analysis may provide useful information,
especially for clinicians. Our results showed, indepen-
dently of other factors, a direct, monotonic and significant
association between each extra daily serving of SSCB
and age-adjusted BMI (P = 0-038), as well as a significant
difference in age-adjusted BMI between the highest v. the
lowest category of SSCB consumption (P = 0-042).

According to our results, the consumption of >4 servings
SSCB/week was significantly associated with a 4-:80%
increment in body fat mass percentage (P= 0-012), inde-
pendently of other factors. Our results also suggest that,
independently of other factors, each extra daily serving of
SSCB was significantly associated with a 1:47 % increment
in body fat mass percentage (P= 0-03). These results agree
with the published literature, which considers that the
association between SSCB and obesity may be explained
by increments in body fat percentage™™'?.

The association between soft drinks and obesity is con-
troversial. The interpretation of published studies finding
no association is difficult because of small sample sizes,
short duration of follow-up, some method-related issues and
possible uncontrolled confounding®?”.  Two  syste-
matic reviews published in 2006 and 2007 found sufficient
evidence to recommend a population-level reduction in soft
drink consumption®?”. A recent systematic review pub-
lished in 2013 found twenty-one cohort studies in children
which assessed the effect of sugar intake on body fatness®”.
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In most of these cohorts sugar-sweetened beverages were
the major source of sugar intake. The latter systematic
review found fifteen studies that showed a positive asso-
ciation and four that showed null associations; two of these
studies reported fruit juice as the main sugar exposure.
The quantitative meta-analysis of these cohorts showed a
significantly increased risk of being overweight associated
with higher consumption of sugar-sweetened beverages.
That study also found five intervention trials in children that
assessed the effect of advising to reduce dietary sugars on
children’s BMI. The meta-analysis of these trials found no
association, but the authors suggested significant hetero-
geneity and poor compliance with the intervention trial as
possible explanations for the inconsistent results.

Two recently published intervention trials in children
found that the replacement of sugar-sweetened beverages
by non-caloric beverages reduced weight gain®*%. One
of these studies was conducted among overweight and
obese children. The experimental group received a 1-year
intervention designed to reduce the consumption of
sugar-sweetened beverages. The increase in BMI was
smaller in the intervention group after 1-year interven-
tion, but not after 2-year follow-up. In any case, the role
of non-caloric beverages in weight change is still debated.
High-glycaemic-index foods seem to stimulate the con-
sumption of other such foods. It has been suggested
that sugar-sweetened beverages promote weight gain by
increasing energy intake because of both the amount of
added sugar and the low satiety associated with liquid
carbohydrates. Nevertheless, non-caloric beverages have
been associated with weight gain and the underlying
mechanism still remains unclear®=>>. Soft drink con-
sumption, even of non-caloric soft drinks, is considered
an unhealthy habit and it has been suggested that
unhealthy habits tend to cluster®®3”. It is also believed
that individuals who consume non-caloric soft drinks
seem to eat more because they have the sensation of
having reduced their total energy intake. Linked to these
two theories, some studies suggest that the palatability of
both sugar-sweetened and non-caloric soft drinks increases
the subjective feeling of hunger and consequently energy
intake and weight gain'"!%.

Despite the direct association suggested by the point
estimates, we could not find a significant association
between obesity and intermediate categories of SSCB
consumption. In our opinion, this might be because of
small sample size, but also because of the inherent lim-
itations of a semi-quantitative FFQ. Overall, our results
agree with the published literature and current knowledge
about SSCB consumption and obesity.

Many studies support that physical activity has a protec-
tive role against obesity in children by increasing energy
expenditure™®. In our study, we found a significant nega-
tive association between physical activity and obesity in
agreement with those studies (P<<0-01 in the multivariable
modeD).
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The Mediterranean dietary pattern has been suggested
as a protective factor for obesity and CVD among adults
but also among adolescents®*” . In our study, both
cases and controls showed similar and low adherence to
the Mediterranean dietary pattern (P=0-77). Thus, this
result does not allow us to affirm that the Mediterranean
dietary pattern had a protective role against obesity
among children. In the same way, both fast food and
commercial bakery items have been suggested as risk
factors for obesity and CVD"%*". We did not find any
statistically significant difference in consumption of either
commercial bakery items or fast food between cases
and controls. Although the difference between groups in
fast-food consumption was close to the significance level
when comparing means, it became much lower in the
multivariable model (P=0-2).

Television watching has been defined as a proxy for
sedentary behaviour in children. It has been suggested
that television watching could even modify the associa-
tion between some single nucleotide polymorphisms and
obesity risk“*?. The HELENA (Healthy Lifestyle in Europe
by Nutrition in Adolescence) Study found that excessive
television watching was associated with higher consump-
tion of energy-dense foods and drinks, enhancing the idea
that unhealthy habits tend to cluster®”. Although obese
children reported more hours per week watching television
or in front of a computer screen, we did not find any signi-
ficant difference in sedentary behaviours between cases
and controls (P= 0-74 in the multivariable modeD.

We found an unexpected inverse association between
obesity and total energy intake. In our sample, cases
reported significantly lower energy intake than controls.
However, controls reported significantly higher physical
activity and consequently a higher total energy expendi-
ture that may explain this difference. The change in body
fatness associated with higher sugar-sweetened beverage
consumption seems to be mediated by higher energy
intakes. According to this hypothesis, some authors defend
that including total energy intake in the multivariable
model reduces the actual strength of the association®. In
our study, the introduction of total energy intake in the
multivariable model did not affect the association between
SSCB consumption and obesity found in the crude model.
Although this may be due to the high energy intake
referred by non-obese children, it may also suggest more
complex mechanisms underlying the association between
SSBC consumption and obesity.

Nevertheless, our study is not exempt of limitations. The
main limitation of a case—control study is the misreporting of
food habits, which usually becomes a differential informa-
tion bias that reduces, or even inverts, the measures of
association. Some studies defend that under-reporting is
directly associated with children’s BMI or with parents’
appreciation of the child’s status and that it is more common
when referring to non-desirable exposures. This social
desirability bias may be an explanation for the difference
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in energy intake reported by cases and controls in our study.
However, a differential information bias in our study would
result in a reduction in the real strength of the measures of
association'*? .

As explained in the Experimental methods section,
when assessing the exposure, we used an FFQ in order
to obtain information about food and beverage consump-
tion during the previous year. Nevertheless, we cannot
completely avoid a potential reverse causality bias, because
the assessed dietary variables might be causes as well as
consequences of the outcome. Attending to our data, this
potential bias may also be an explanation for the results
obtained in some dietary variables with unexpected results
(total energy intake, adherence to the Mediterranean diet-
ary pattern or commercial bakery items consumption)
and for the relatively high BMI found among occasional
consumers of SSCB (<1 serving/week). However, in our
opinion, this potential bias would not affect the main results
of our study, because the potential effect of this bias would
be in the opposite direction to our findings.

In addition, we cannot deny the existence of potential
residual confounding due to other factors, already sug-
gested as potential confounders, but not included in our
model because of a lack of information, such as parental
educational level.

The association between SSCB consumption and obesity
is supported by many well-designed studies. The high
intake of energy in the form of added sugars, particularly
the high quantity of sucrose (or high-fructose corn syrup in
USA), seems to explain, at least partially, this association.
However, the association between obesity and non-caloric
beverages reported by some studies reflects that the under-
lying mechanisms may be more complex and multifactorial.
In addition, the association between obesity and other
sugar-sweetened beverages such as fruit-flavoured juices
still remains unclear. The published literature about this
issue is not conclusive. In our opinion, due the extended
consumption of this kind of beverage among children
and adolescents, deeper studies are needed to clarify this
possible association of other sugared beverages, different
from SSCB, with obesity risk.

Conclusion

In conclusion, our study suggests that SSCB consump-
tion might be associated with an increment in BMI and
body fat mass percentage. According to our results, a high
consumption of SSCB, >4 servings/week, was strongly
associated with obesity in childhood and adolescence
(OR = 3+46; P=0-01). In addition, each additional daily
serving of SSCB (200ml, 6-:76 US fl oz) was associated
with a 69% relatively increased risk of obesity among
children and adolescents (P=0-03).

According to current knowledge, children and adoles-
cents should be encouraged to reduce sugar-sweetened
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beverage consumption, particularly SSCB, and to increase
the consumption of water as the main source of liquid“*.
It seems reasonable to conclude that the strategies
designed to reduce the high prevalence of overweight
and obesity should include education on beverage con-
sumption in order to modify unhealthy habits of beverage
consumption among children and adolescents.
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