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Caloric beverage drinking patterns are differentially associated
with diet quality and adiposity among Spanish girls and boys
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Abstract The present study assesses the impact of beverage
consumption pattern on diet quality and anthropometric proxy
measures for abdominal adiposity in Spanish adolescents.
Data were obtained from a representative national sample of
1,149 Spanish adolescents aged 1018 years. Height, weight,
and waist circumferences were measured. Dietary assessment
was performed with a 24-h recall. Beverage patterns were
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identified by cluster analysis. Adherence to the Mediterranean
diet was measured by the KIDMED index. Three beverage
clusters were identified for boys—“whole milk” (62.5 %),
“low-fat milk” (17.5 %) and “soft drinks” (20.1 %)—and for
girls— whole milk” (57.8 %), “low-fat milk” (20.8 %) and
juice (21.4 %), accounting for 8.3, 9.6, 13.9, 8.6, 11.5 and
12.9 % of total energy intake, respectively. Each unit of
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increase in the KIDMED index was associated with a 14.0 %
higher (p=0.004) and 11.0 % lower (p=0.048) probability of
membership in the “low-fat milk” and “soft drinks” cluster in
girls and boys, respectively, compared with the “whole milk”
cluster. Boys in the “soft drinks” cluster had a higher risk of 1-
unit increase in BMI z score (29.0 %, p=0.040), 1-cm increase
in waist circumference regressed on height and age (3.0 %, p=
0.027) and 0.1-unit increase in waist/height ratio (21.4 %, p=
0.031) compared with the “whole milk” cluster. Conclusion:
A caloric beverage pattern dominated by intake of “soft
drinks” is related to general and abdominal adiposity and diet
quality in Spanish male adolescents.

Keywords Soft drinks - Adiposity - Cluster analysis -
KIDMED index

Abbreviations

BMI  Body mass index

BMR  Basal metabolic rate

PAL Physical activity level

SSB Sugar-sweetened beverages
wC Waist circumference
WHtR  Waist/height ratio
Introduction

Obesity is one of the most important risk factors for all
disabilities and premature death in the adult population of
Western countries [48]. Excessive abdominal fat accumulation
has been associated with a high cardiometabolic risk profile in
adults [9, 22] and, alarmingly, with an unhealthy cardiometa-
bolic profile in children and adolescents [30, 40], setting the
stage for the adult profile. Therefore, it is paramount to iden-
tify variables associated with abdominal adiposity in youth if
we intend to stop the overall population obesity epidemic in
Western countries.

Adequate dietary intake is of paramount concern for ado-
lescents’ health and development. Furthermore, poor food
choices in early life can affect dietary habits in adulthood
[7]. Consumption of caloric beverages constitutes an impor-
tant portion of total energy intake among children and adoles-
cents; of particular concern is the replacement of
micronutrient-dense beverages such as milk with low nutrient
density choices, such as sugar-sweetened beverages (SSB)
[10, 46]. It has been hypothesised that reduced consumption
of these beverages is a key obesity prevention strategy in this
population [6] and can have an impact on overall diet quality
[45]. For example, increased carbonated soda consumption
decreased the odds of achieving recommended intakes of
vitamin A and magnesium in a population aged 12—17 years
[1]. Frary and colleagues [14] reported lower intakes of

@ Springer

calcium, fibre and fruit with increasing soft drinks consump-
tion in adolescents, and a recent study associated high soft
drinks consumption with high intakes of pizza, burgers, fried
potatoes and savoury snacks in boys and girls aged 12—
18 years [26]. However, further research is need to establish
the impact of caloric beverage patterns on diet quality [8, 19,
23, 31] and their association with surrogate markers of ab-
dominal adiposity in adolescents [29].

The aim of the present study was to identify caloric bever-
age consumption patterns and their association with overall
diet quality and adiposity among Spanish adolescents.

Methods
Study population

The enKid study on nutritional status and food habits of
Spanish children and young people, conducted between
1998 and 2000, was a cross-sectional survey of the Spanish
population aged 2—24 years (n=3,534, 1,629 boys and 1,905
girls), selected by multistage random sampling procedures
based on an official population census. The theoretical sample
size was set at 5,500 individuals, taking into account an
anticipated 70 % participation rate, which would result in a
sample of approximately 3,850 individuals. The present study
included the subset of all participants aged 10-18 years (n=
1,149; mean age=14.2+2.2 years). The study protocol was
approved by the ethics committee of the Spanish Society of
Community Nutrition. Parental written informed consent was
obtained for each participant younger than 18 years.

Dietary assessment

Dietary intake information based on a single 24-h recall was
collected at each participant’s home, using household mea-
sures to estimate portion sizes [36]. Children aged 10-13
answered the interviews with support from the caretaker re-
sponsible for their nutrition; older children answered indepen-
dently. Additional information on food descriptions and por-
tion sizes was gathered as required on site. Day of collection
was randomly assigned, including weekends and non-school
days and covering all seasons of the year (May 1998—April
2000). Individual caloric beverages were aggregated in three
groups according to their energy value and nutrient properties:
(a) 100 % juices, including commercial and natural fruit and
vegetable juices; (b) low-fat milk, including skim, and semi-
fat (2 %) milk; (c) whole-fat milk (4 % fat); and (d) soft drinks,
including carbonated and non-carbonated SSB. Intake was
expressed as millilitre consumed per day. Less than 1 % of
the study population reported vegetable juice consumption.
Therefore, we combined vegetable and fruit juice consump-
tion. The nutrient calculations used for the study combined a
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Spanish database [25] with information from French [12] food
composition tables.

The KIDMED index was derived on the basis of a 16-item
questionnaire administered separately from the 24-h recalls as
part of the enKID survey [37]. KIDMED was created to
estimate adherence to the Mediterranean diet in children and
young adults, based on the principles that sustain Mediterra-
nean dietary patterns and those that undermine it [37]. Items
denoting lower adherence were assigned a value of —1 (4
items), and those related to higher adherence were scored +1
(12 items). Scores range from —4 to 12, with higher scores
indicating greater adherence to the Mediterranean diet. The
KIDMED index shows reasonable construct validity [35].

Anthropometric measurements

Anthropometric measurements were assessed for each indi-
vidual following standard protocols. Body weight, height, and
waist circumferences were measured on the day of the inter-
view, with the subject in underwear without shoes, using an
electronic scale (to the nearest 100 g), a portable Kawe
stadiometer (to the nearest 1 mm), and a Hoechst metric tape
(to the nearest 1 mm). Using a flexible non-stretch tape
measure, waist circumference was measured by trained inter-
viewers in the narrowest zone between the lower costal rib and
iliac crest, in the supine decubitus and horizontal positions.

Energy underreporting

Basel metabolic rate (BMR) was estimated with Schofield’s
equations based on sex, age, weight and height [33]. Implau-
sible reporters of energy intake were identified by replacing
Goldberg’s single cut-off [15] with age- and sex-specific cut-
offs for children. The cut-off values are the 95 % confidence
limits of the agreement between physical activity level (PAL)
and the ratio of energy intake to BMR. The following formula
was used:
(S/100)

Cut-off = PAL X exp {:I:l.% X 7]

Where

Cv;
S = \/ [dwE‘ +CVipwr + cvfp}

Intra-individual variations of energy intake (CVZg) and
BMR (CVZpwmr) and inter-individual variation in physical
activity level (CVagp) were calculated using sex- and age-
specific reference values for adolescents [5, 27, 44]. The
single Goldberg PAL of 1.55 was replaced by sex- and age-

dependent PAL for adolescents. We estimated dietary intake
by one 24-h recall and set the number of days (d) to 1.

Other measurements

Data on physical activity and maternal education (primary
school or beyond) were reported by participants responding
to an interviewer-administered questionnaire. The physical
activity questionnaire included 14 questions on type, frequen-
cy and time spent doing physical activity at school and outside
school. Primary education was defined as completing primary
school (ages 614 years).

Puberty status was not measured in the EnKid study. It has
been shown that height is differentially associated with surro-
gate measures of adiposity according to pubertal status [21].
Therefore, we presented data on waist circumference residuals
regressed on age and height.

Statistical analysis

K-means clustering was performed to identify caloric bever-
age patterns, and individuals were classified into mutually
independent groups or clusters. The beverage groups were
standardised (z values) before clustering to ensure an equal
influence on the cluster procedure. The number of clusters to
be retained from analysis was predefined. Solutions ranging
from two to six clusters were run, and the final three-cluster
solution was selected because it most clearly identified distinct
and meaningful caloric beverage patterns while maintaining a
reasonable sample size of boys and girls. This solution was
confirmed by the tree diagram resulting from Ward’s method
of cluster analysis. Finally, discriminant function analysis was
carried out to examine the stability and classification ability of
the three-cluster solution in each sex.

One-way ANOVA compared continuous variables be-
tween cluster memberships. Tests of proportions used the
chi-square method.

Multinomial logistic regression analysis was run to deter-
mine the association between cluster membership and waist
circumference (WC), regressed for age and height
(WCgeneight), Waist/height ratio (WHtR) and adherence to
the Mediterranean diet. The multinomial logistic regression
coefficients can be interpreted as changes in the membership
probability of the analysed cluster versus the reference
category.

Results
In this population, 9.8 % of total energy (210 kcal) was
derived from non-alcoholic caloric beverages. Three caloric

beverage clusters were identified for boys and girls according
to their main beverage consumption characteristics: “whole-
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fat milk” (4 % fat), “low-fat milk” (skim and semi-fat milk)
and “soft drinks” in boys and “whole-fat milk”, “low-fat milk”
and “juice” in girls. In the whole-fat milk cluster, the mean
intake of that beverage was 301 and 244 ml/day in boys and
girls, respectively. In the low-fat milk cluster, similar intakes
were reported by boys (357 ml/day) and girls (321 ml/day).
Clusters of high consumption of soft drinks and juices were
sex specific. Boys in the soft drinks cluster had a daily mean
consumption of 530 ml of soft drinks, whereas girls in the
juice cluster reported an intake of 248 ml of juices per day.

Discrimination function analysis revealed a small Wilks’
lambda (boys, 0.113, p<0.001; girls, 0.067, p<0.001), indi-
cating only 11.3 and 6.7 % of the variance in the discriminant
scores is not explained by differences between clusters for
boys and girls, respectively. Cross-classification of individuals
according to their original cluster classification and that ob-
tained from the discriminant analysis showed that 99.5 % of
original cluster cases were correctly classified in boys and
98.6 % in girls.

Excluding energy underreporters from cluster analysis had
no effect on type of cluster formation. We found the same
meaningful clusters with similar prevalence in both boys and
girls. Furthermore, associations between clusters and anthro-
pometric variables and diet quality were in the same direction
and magnitude. Therefore, we present data of the whole

sample size of Spanish adolescents, adjusting for energy
underreporting when appropriate.

The “whole-fat milk” cluster was the most prevalent in
both boys (62.5 %) and girls (57.8 %), followed by “soft
drinks” (21.1 %) and “low-fat milk” (17.5 %) in boys and
by the “juice” cluster (21.4 %) and “low-fat milk” (20.8 %) in
girls. Members of the “soft drinks” cluster were older and had
the lowest proportion of energy underreporters (Table 1).

The “soft drinks” and “juice” clusters provide the highest
amount of energy from beverages in boys (14.0 %) and girls
(12.9 %), respectively (Table 2). Members of the “soft drinks”
cluster showed the highest total energy consumption. High
intakes of carbohydrates and low intakes of proteins were
found among the members of the “soft drinks” and “juice”
clusters, respectively. The “soft drinks™ cluster was further
characterised by low intakes of dietary fibre, vitamin C, folic
acid and magnesium (Table 2).

We fitted a multivariate multinomial logistic regression
model, adjusted to determine the relationship between cluster
membership and adherence to the Mediterranean diet (Table 3).
An increase of 1 unit in the KIDMED index was associated
with 14 % higher (p=0.004) and 11 % lower (p=0.048) odds
of belonging to the “low-fat milk” and “soft drinks” cluster in
girls and boys, respectively, compared with the “whole-fat
milk” cluster.

Table 1 General characteristics of study participants according to cluster membership

Cluster, boys (n=573)

Cluster, girls (n=576)

Whole-fat milk Low-fat milk Soft drinks (n=115) Whole-fat milk Low-fat milk Juice (n=123)
(n=358) (n=100) (n=333) n=120)
Proportion (%) 62.5 17.4 20.1 57.8 20.8 214
Age (years) 14.1 (13.9;14.3) 14.0 (13.6;14.4) 14.8 (14.4;15.2) 14.3 (14.1;14.6) 14.8 (14.4;15.2) 14.0 (13.6;14.4)
Physical activity 184 (168;200) 187 (157;217) 173 (145;201) 131 (118;145) 132 (109;154) 125 (102;145)
(min/day)
Mother’s 18.2 (14.0;22.3) 25.0 (17.2;32.8) 20.9 (13.6;28.2) 14.5 (10.4;18.6) 22.5(15.7;29.3) 22.0 (15.2;28.7)
educational
level (%)*
Energy 26.0 (21.6;30.4) 33.0 (24.7;41.3) 11.3 (0.4;19.1) 14.2 (10.5;17.9) 14.2 (8.0;20.3) 11.4 (5.3;17.5)
underreporting
(%)
KIDMED index 7.1(6.9;7.3) 7.3 (6.9;7.7) 6.8 (6.4,7.2) 6.9 (6.7,7.2) 7.4 (7.0,7.6) 7.4 (7.0,7.7)
(unit)
Weight (kg) 57.2 (55.5;59.0) 59.8 (56.6;63.0) 61.7 (58.6;64.7) 52.8 (51.6;53.9) 54.1 (52.1;56.1) 52.5(50.5;54.4)
Height (cm) 163 (161;165) 163 (160;166) 166 (164;169) 159 (158;160) 161 (159;162) 159 (157;160)
BMI (kg/m?) 21.1(20.7;21.5) 21.9 (21.1;22.7) 21.9 (21.2;22.7) 20.6 (20.3;21.0) 20.8 (20.2;21.4) 20.6 (20.0;21.1)
Waist 74 (72.8;75.1) 75.6 (73.5;77.7) 76.6 (74.6;78.5) 68.7 (67.9;69.5) 69.0 (67.6;70.4) 68.5 (67.1;69.8)
circumferences
(cm)

Waist/height ratio  0.456 (0.450;0.461) 0.463 (0.452;0.474) 0.461 (0.451;0.471) 0.432(0.427;0.437) 0.429 (0.421;0.437) 0.431 (0.423;0.440)

(cm/cm)

Values are expressed as mean (95 % confidence interval) or proportion (95 % confidence interval)

#More than primary school education
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Table 2 Dietary characteristics of study participants according to cluster membership

Cluster boys (n=573)

Cluster girls (n=576)

Whole-fat milk Low-fat milk Soft drinks Whole-fat milk Low-fat milk Juice (n=123)
(n=358) (n=100) (n=115) (n=333) (n=120)
Energy intake (MJ) 9.8 (9.4;101) 10.3 (9.6;11.1) 12.1 (11.4;12.7) 8.1(7.8;8.4) 7.8 (7.3;8.2) 8.5 (8.0:9.0)
Energy intake 10.4 (9.8;11.1) 7.6 (6.4;8.9) 15.6 (14.4;16.8) 10.6 (9.8;11.4) 9.5 (8.2;10.7) 14.1 (12.8;15.4)
beverages (%)*
Energy density (kcal/g)° 1.51(1.47;1.56) 1.45 (1.37;1.53) 1.65 (1.58;1.73) 1.58 (1.53;1.63) 1.34 (1.28;1.44) 1.28 (1.20;1.35)
Whole-fat milk (%)* 8.6 (8.1;9.2) 0.2 (0.051.2) 7.2 (6.2;8.1) 8.4 (7.8,9.1) 0.4 (0.0;1.4) 5.5 (4.4:6.5)
Low-fat milk (%)* 0.1 (0.0;0.2) 5.8(5.5:6.1) 0.1 (0.0;0.3) 0.1 (0.0;0.2) 6.8 (6.5;7.2) 0.6 (0.3;1.0)
Juice (%)* 1.4 (1.1;1.6) 0.8 (0.3;1.3) 0.9 (0.5;1.5) 0.1 (0.0;0.3) 0.6 (0.2;1.0) 6.5 (6.1;6.9)
Soft drink (%)* 0.4 (0.2;0.6) 0.8 (0.4;1.3) 7.5 (7.0;7.8) 2.1(1.7;2.5) 1.6 (0.9;,2.4) 1.50.7;2.2)
Carbohydrate (%)* 45.2 (44.3;46.1)  46.5(44.8:48.2)  49.4(47.8;51.0) 451 (44.1;46.2)  46.8 (45.1;48.5)  50.6 (48.8;52.3)
Total fat (%)* 40.4 (39.5;41.2)  37.4(35.8;39.0)  37.3(35.8;38.7)  40.2(39.3;41.1)  37.1 (35.6;38.6)  36.5(35.0;38.0)
Protein (%)* 17.1 (16.7;17.5) 18.8 (18.0;19.7) 16.0 (15.2;16.8) 17.1 (16.5;17.6) 18.5 (17.6;19.4) 16.1 (15.2;17.0)
Dietary fibre 7.6 (7.3;7.9) 8.3(7.7:8.8) 6.8 (6.3;7.2) 8.0 (7.8;:8.4) 8.4 (7.9;8.9) 7.8 (7.3;8.3)
(g/4.18 MJ)
Vitamin C 37.2(33.8;40.6)  38.0(31.6;44.4)  28.5(22.5;34.5)  34.1 (31.5;36.6)  38.4(34.1;42.7) 54.4 (50.2;58.6)
(mg/4.18 MJ)
Vitamin E (mg/4.18 MJ) 4.1 (3.8:4.5) 3.8 (3.14.5) 3.9 (3.34.5) 3.6 (3.4;3.7) 3.6 (3.4;3.8) 3.4 (3.2;,3.6)
Folic acid (ng/4.18 MJ) 79.3(75.1;83.5)  90.6 (82.6;98.6)  67.1(59.6;74.5)  78.0 (74.5;81.5) 85.5(79.6;91.3) 81.3 (75.5;87.6)

Magnesium
(mg/4.18 MJ)

131 (127;134)

152 (145;158)

124 (117;129)

141 (136;146)

151 (143;159)

136 (128;145)

Values are expressed as mean (95 % confidence interval) or proportion (95 % confidence interval)

*More than primary school education

® Energy density: energy intake from all foods consumed (kcal)/weight of foods consumed (g)

Multinomial logistic regression analysis adjusted for age,
energy underreporting, mother’s educational level, physical
activity and energy intake revealed a weak positive associa-
tion between “soft drinks” membership and BMI z scores,
WCageneight and WHtR, compared with the “whole-milk”
cluster (Table 4).

Discussion

The observed relationship between certain beverage drinking
patterns and low diet quality in children and adolescents is of

concern for two main reasons. First, healthy dietary behav-
iours in youth are paramount for physical and mental devel-
opment, and second, unhealthy early dietary patterns can set
the stage for high metabolic risk in adulthood [7, 43]. In the
present study, cluster analysis identified three non-
overlapping patterns of caloric beverage consumption in
Spanish boys and girls. A whole- and low-fat milk cluster
was identified in both groups; a “soft drinks” cluster was
characteristic for boys and a “juice” cluster for girls. Adher-
ence to the Mediterranean diet was associated with a 14 %
higher odds ratio of membership in the “low-fat milk” cluster
in girls, compared to the “whole-fat milk” cluster. Among

Table 3 Odds ratio and 95 % confidence interval (95 % CI) of the association between KIDMED-index (KI) and cluster membership

Cluster

Whole-fat milk (boys, n=358;

Low-fat milk (boys, n=100; girls, n=120)

Soft drinks (boys, n=115) Juices (girls, n=123)

girls, n=333)

Reference Odds (95 % CI) P value Odds (95 % CI) Pvalue Odds (95 % CI) P value
KI, 1 unit
Boys 1 1.02 (0.91;1.15) 0.712 0.89 (0.80;0.99)  0.048 -
Girls 1 1.14 (1.02;1.27) 0.004 - 1.10(0.98;1.22)  0.053

Multinomial logistic regression models were fitted to analyse the association of the KIDMED index and clusters defined by beverage consumption.
Adjusted for age, sex, physical activity, television viewing, mother’s educational level, energy intake and energy underreporting
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Table 4 Odds ratio and 95 % confidence interval (95 % CI) of the association between anthropometric surrogate markers of abdominal adiposity and

cluster membership

Cluster

Whole-fat milk (boys, n=358;  Low-fat milk (boys, n=100; girls, n=120) Soft drinks (boys, n=115) Juices (girls, n=123)

girls, n=333)
Reference Odds (95 % CI) P value Odds (95 % CI) Pvalue Odds (95 % CI) P value
BMI z score
Boys 1 1.21 (0.95;1.56) 0.199 1.29 (1.01;1.65)  0.040 -
Girls 1 1.04 (0.79; 1.37) 0.792 - 1.06 (0.81;1.38) 0.811
Waistpeight age
Boys 1 1.01 (0.99;1.15) 0.325 1.03 (1.01;1.06)  0.027 -
Girls 1 1.00 (0.97;1.03) 0.954 - 1.00 (0.98;1.03)  0.760
WHItR
Boys 1 1.22 (0.89;1.82) 0.348 1.57 (1.04;2.34)  0.031 -
Girls 1 0.93 (0.58;1.50) 0.776 - 1.05 (0.66;1.67)  0.247

Multinomial logistic regression models were fitted to analyse the association of BMI z score, WaiStycight.age and waist/height ratio (WHtR) with clusters

defined by beverage consumption. Models were adjusted for age, sex, phy:
energy underreporting

boys, this dietary pattern was associated with an 11 % lower
odds ratio of membership in the “soft drinks” cluster; further-
more, boys in the “soft drinks” cluster had an increased risk of
higher BMI z scores, WC,ge height and WHIR in comparison
with the “whole milk” cluster. The effect size of these associ-
ations was modest.

A limitation of the present study is its cross-sectional
design, which precludes drawing causal relationships. Fur-
thermore, 24-h recalls—and particularly a single day’s re-
call—have inherent limitations in the individual assessment
of dietary intake due to daily variations in food intake [2, 4]
and thus did not necessarily reflect habitual intakes. Addition-
ally, day-to-day variation results in random (non-differential)
errors that may have weakened the association between calo-
ric beverage consumption and adiposity. A further limitation
is that there is no standardised definition of underreporting in
children and adolescents. Including objective measurements
for physical activity would have improved the estimation of
energy underreporters. Furthermore, it was not feasible to
determine the validity of energy underreporting estimation
by comparison of the results with a biomarker such as doubly
labelled water. Although the 68 % participation rate of the
enKid study can be considered appropriate, we cannot rule out
a possible selection bias in our study population due to the
parental consent requirement for children younger than
18 years.

This study also has several important strengths, including a
nationwide population-based sample with standardised an-
thropometric measurements available.

The energy derived from non-alcoholic caloric beverages
(juices, soft drinks and low-fat and whole-fat milk) in our
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sical activity, television viewing, mother’s educational level, energy intake and

study was comparable with that of a previous report [10].
However, our analysis shows great variation between clusters
in the proportion of energy consumption from beverages. In
the “soft drinks” cluster, energy from beverages constitutes a
considerable amount of the total energy intake, with soft
drinks as the main contributor. In contrast, beverages provide
only a small proportion of total energy in the “low-fat milk”
cluster. These findings were independent of age and energy
underreporting.

Soft drinks have a low nutrient density and thus are prone
to dilute the micronutrient content of the diet. In this study, the
“soft drinks” cluster had the most unfavourable nutrient intake
profile compared to the “whole-fat milk” and “low-fat milk”
clusters in boys. This finding is in line with reports showing
that soft drinks consumption is associated with lower intakes
of nutrients such as dietary fibre and calcium among children
and youth [1, 14, 49].

There is scarce evidence about the impact of beverage
consumption patterns on overall diet quality [8, 19, 23, 31].
Duffey and Popkin [11] reported that adult members of an
unhealthy beverage cluster had a greater probability of also
being members of an unhealthy eating cluster. Furthermore,
soft drinks consumption was negatively associated with diet
quality, as characterised by the healthy eating index (HEI), in
American [19] and Spanish children [31]. A German study
that chose the nutritional quality index (NQI) as an indicator
for diet quality reported similar results [23]. In the present
study, we estimated diet quality with the KIDMED index,
which was developed to estimate adherence to the Mediterra-
nean diet among Spanish youth [37]. High adherence to this
index has been associated with healthy nutrient and food
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intake profile in various adolescent populations [13, 18,
24]. In our data, an increase of 1 unit in the KIDMED
index was associated with a 14 % higher and 11 % lower
odds of membership in the “low-fat milk” and “soft
drinks” clusters in girls and boys, respectively, compared
to the “whole-milk™ cluster. Although further research is
required, all of these different a priori constructs of diet
quality—the HEI, the NQI, and the KIDMED index—
show a negative association with unhealthy patterns of
beverage consumption.

Low diet quality has been related to higher WC in youth
[35]. The loss of healthy eating habits may partially account
for the trends toward increasing WC in this segment of the
Spanish population. This is of particular concern because
abdominal fat accumulation has a strong independent impact
on the cardiometabolic profile in children and adolescents [20,
40], as well as in adults [9, 12]. In our study, membership in
the “soft drinks” cluster was associated with a greater risk of
higher WCjge height and WHIR (two surrogate markers for
abdominal adiposity), compared to being a member of the
“whole-fat milk” cluster, independent of potential con-
founders. Energy intake is directly associated with energy
density in adults and children [32]. It has been hypothesised
that high energy density diets lead to passive overconsump-
tion and thus increase the risk of weight gain [16]. Recently,
we have shown that a high energy density diet is directly
related with abdominal adiposity in Spanish youth [34]. In
the present study, a high energy density diet was characteristic
for the membership of the soft drinks cluster. However, con-
trolling for energy density did not attenuate the risk of in-
creased abdominal fat distribution of members of the soft
drinks cluster compared with the whole-fat milk cluster. In
other words, the association between increased abdominal
adiposity and membership in the soft drinks cluster is inde-
pendent of energy density.

It is of interest to note that the “soft drinks” cluster was sex
specific. A possible explanation for this finding might be that
boys are more vulnerable to soft drinks advertisements. In a
recent study, intake of soft drinks was nearly twice as high
among European boys, compared to girls [10].

Sugar-sweetened beverage consumption has been associat-
ed in some [39, 41, 47] but not all [17, 28] adiposity studies in
children and youth. One explanation for the positive associa-
tion of soft drinks consumption and adiposity is inadequate
energy compensation after soft drinks consumption, leading to
an increase in total energy intake [3]. Alternatively, fructose
has been proposed as the mechanistic link between sugar-
sweetened beverages and obesity [38]. However, evidence is
inconsistent regarding the metabolic effects of fructose on
weight gain [42]. Compared with reported results from the
USA [48], the proportion of soft drinks consumers and the
amount of soft drinks consumed in our study can be consid-
ered low. The observed trend of increasing SSB consumption

generates concern because the effect size also can be expected
to increase.

Remarkable differences in caloric beverage drinking pat-
terns were identified in Spanish adolescent girls and boys,
although a whole-fat milk cluster was the most prevalent in
both groups. The soft drinks cluster was associated with
somewhat lower diet quality and a slightly higher risk of
increased abdominal fat compared with the “whole-fat milk”
cluster in male adolescents. Girls in the low fat-milk cluster
reported a somewhat higher diet quality compared with their
peers of the whole-fat milk cluster. Long-term prospective
studies are needed to get better insight about the impact of
caloric beverage consumption on diet quality and adiposity in
adolescents.
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