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Results  Total sugars intake (137.5  g/day) represented 
23.6% and free sugars (110.1 g/day), 19% of energy intake. 
Girls had significantly lower intakes of energy, carbohy-
drates, total sugars and free sugars. 94% of adolescents had 
a consumption of free sugars above 10% of total energy 
intake. The main food contributor to free sugars was ‘car-
bonated, soft and isotonic drinks,’ followed by ‘non-choco-
late confectionary’ and ‘sugar, honey, jam and syrup.’ Older 
boys and girls had significantly higher intakes of free sug-
ars from ‘cakes, pies and biscuits.’ Free sugars intake was 
negatively associated with low socioeconomic status for 

Abstract 
Objective  To report dietary sugars consumption and their 
different types and food sources, in European adolescents.
Methods  Food consumption data of selected groups were 
obtained from 1630 adolescents (45.6% males, 12.5–
17.5  years) from the HELENA study using two noncon-
secutive 24-h recalls. Energy intake, total sugars and free 
sugars were assessed using the HELENA-DIAT software. 
Multiple regression analyses were performed adjusting for 
relevant confounders.

 *	 M. I. Mesana 
	 mmesana@unizar.es

1	 Growth, Exercise, Nutrition and Development (GENUD) 
Research Group, University of Zaragoza, C/Pedro Cerbuna 
12, 50009 Saragossa, Spain

2	 Instituto Agroalimentario de Aragón (IA2), Saragossa, Spain
3	 Instituto de Investigación Sanitaria Aragón (IIS Aragón), 

Saragossa, Spain
4	 Red de Salud Materno-infantil y del Desarrollo (SAMID), 

Madrid, Spain
5	 Research Institute of Child Nutrition (FKE), Dortmund, 

Germany
6	 Department of Nutrition and Dietetics, School of Health 

Science and Education, Harokopio University, Athens, 
Greece

7	 Department of Medical Physiology, School of Medicine, 
University of Granada, Granada, Spain

8	 GALENO Research Group, Department of Physical 
Education, School of Education, University of Cadiz, Puerto 
Real, Spain

9	 Service d’Epidémiologie et Santé Publique - INSERM 
U1167 Institut Pasteur de Lille, Lille, France

10	 Faculty of Medicine and Health Sciences, Department 
of Public Health, Ghent University, Ghent, Belgium

11	 Dietary Exposure Assessment Group, International Agency 
for Research on Cancer, Lyon, France

12	 Division of Clinical Nutrition and Prevention, Department 
of Pediatrics, Medical University of Vienna, Währinger 
Gürtel 18‑20, 1090 Vienna, Austria

13	 Department of Social Medicine, Preventive Medicine 
and Nutrition Clinic, School of Medicine, University 
of Crete, Heraklion, Crete, Greece

14	 Inmunonutrition Research Group, Department of Metabolism 
and Nutrition, Instituto del Frío, Institute of Food Science 
and Technology and Nutrition (ICTAN), Spanish National 
Research Council (CSIC), Madrid, Spain

15	 ImFINE Research Group, Department of Health and Human 
Performance, Faculty of Physical Activity and Sport‑INEF, 
Technical University of Madrid, Madrid, Spain

16	 Institut für Ernährungs‑ und Lebensmittelwissenschaften 
‑ Ernährungphysiologie, Rheinische Friedrich Wilhelms 
Universität, Bonn, Germany

17	 Department of Paediatrics, Medical Faculty, University 
of Pécs, Pecs, Hungary

http://orcid.org/0000-0001-6836-9101
http://crossmark.crossref.org/dialog/?doi=10.1007/s00394-016-1349-z&domain=pdf


630	 Eur J Nutr (2018) 57:629–641

1 3

‘non-chocolate confectionary’ and ‘sugar, honey and jam’ 
groups; with low maternal educational level for carbonated 
and ‘soft drinks,’ ‘sugar, honey and jam,’ ‘cakes and pies’ 
and ‘breakfast cereals’ groups; and with high paternal edu-
cational level for ‘carbonated and soft drinks’ and ‘choco-
lates’ group.
Conclusions  The majority (94%) of studied adolescents 
consumed free sugars above 10% of daily energy intake. 
Our data indicate a broad variety in foods providing free 
sugars. Continued efforts are required at different levels to 
reduce the intake of free sugars, especially in families with 
a low educational level.

Keywords  Adolescents · Free sugars · Food sources · 
Europe · Diet

Introduction

The effects on health of free sugars or non-milk extrinsic 
sugars (NMES) (caloric sweeteners added in the process-
ing or preparation of food and beverages) have been high-
lighted in the recent years [1]. In 1989, the Committee on 
Medical Aspects of Food Policy (COMA) classified sug-
ars, mainly for health educational purposes, into intrinsic 
and extrinsic sugars [2]. Extrinsic sugars were classified 
as those sugars which were not located within the cellular 
structure of food and were further divided into milk sug-
ars and NMES. The term NMES was mainly adopted by 
the UK, although ‘free sugars’ were accepted by the World 
Health Organization (WHO), and defined as all mono- and 
disaccharides added to foods by the manufacturer, cook 
and consumer, plus sugars naturally present in honey, syrup 
and unsweetened fruit juice. Under this definition, lac-
tose when naturally present in milk and milk products is 
excluded [3, 4]. There is currently no common European 
recommendation for sugar intake. However, reducing the 
amount of sugar consumed is one of the most important 
dietary interventions to improve nutrition in children and 
adolescents; for instance, WHO [5–7] recommends that the 
consumption of free sugars should not exceed 10% of total 
daily energy intake.

The term ‘free sugars’ is, however, synonymous with 
the term NMES, and these terms are adopted in research 
worldwide [8]. In fact, old reports of the COMA (1989, 

1991) and more recent studies [9] recommended that 
NMES consumption should be reduced and contribute no 
more than 10% or 60 g/day, to energy intake, as recom-
mendations for free sugars [8]. Moreover, studies inves-
tigating total and different types of sugars used different 
terms to describe their intake, depending on the coun-
try in which the studies were done. But recent publica-
tions declare that it is recommended that the definition 
for ‘free sugars’ should be adopted in the UK too, instead 
NMES [10].

The increased consumption of free sugars has been 
linked to a low overall diet quality, as food rich in free 
sugars used to provide little nutrition value apart from sup-
plying energy [11, 12]. The consumption of free sugars 
has been associated with cardiovascular diseases [13] and 
increased risk of type 2 diabetes [14] in adults. In children 
and adolescents, free sugars intake was also associated 
with the development of excess body weight and obesity 
[15–17], with high levels of low-density lipoproteins and 
triglycerides [18] and increased homeostasis model assess-
ment-insulin resistance index (HOMA-IR) [19]. In addi-
tion, free sugars are the most important dietary cause of 
caries in children, adolescents and adults [20].

Previous national and local studies investigating ado-
lescents’ diet already revealed that the percentage of 
total daily energy intake coming from free sugars ranged 
between 14 [21, 22] and 21% [23, 24] in Europe. Studies 
outside Europe showed higher values: 16–26% [25–29]. 
Concerning consumption trends, in the USA an increased 
consumption of caloric sweeteners was found, between 
1962 and 2000 (from 74- to 83-kcal/day of caloric sweet-
eners). Of this increase, 80% comes from sugar-sweetened 
beverages [30]. However, recent studies in the USA [31] 
showed that between 1999–2000 and 2007–2008, the abso-
lute intake of added sugars decreased from 100.1 to 76.7 g/
day and the percentage of total energy from added sugars 
also decreased from 18.1 to 14.6%, because of a reduction 
in soda consumption.

Recent national and local studies showed that ‘soft 
drinks,’ ‘confectionary’ and ‘biscuits and cakes’ are the 
main sources of free sugars in Europe [23]. Several stud-
ies in US adolescents showed that ‘soft drinks’ were the 
largest source of added sugars, followed by ‘confectionary,’ 
‘sugar,’ ‘cakes and biscuits’ and ‘dairy desserts’ [28, 31]. 
Studies in Australia reported that ‘sugar-sweetened bever-
ages,’ ‘cakes, biscuits, pastries and batter-based products,’ 
and ‘sugar and sweet spreads’ were the top three contribu-
tors of added and free sugars [4, 32].

However, little is known about actual consumption of 
free sugars and their main food sources in European ado-
lescents. The purpose of this study was to provide estimates 
of free sugars consumption among European adolescents 
and to analyze the main sources of these.
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Methods

Study design

The Healthy Lifestyle in Europe by Nutrition in Adoles-
cence (HELENA) cross-sectional study (HELENA-CSS) 
is an European Union—funded project on lifestyle and 
nutrition among adolescents from ten European cities [Ath-
ens, Heraklion (Greece), Dortmund (Germany), Ghent 
(Belgium), Lille (France), Pécs (Hungary), Rome (Italy), 
Stockholm (Sweden), Vienna (Austria), and Zaragoza 
(Spain)] [33]. The underlying aim of HELENA-CSS was to 
obtain standardized, harmonized, and reliable data from a 
sample of adolescents on a range of nutrition and health-
related parameters [34], such as dietary intake, anthropom-
etry, physical activity, physical fitness, hematological and 
biochemical indices [33].

The HELENA-CSS inclusion criteria were age from 
12.5 to 17.5  years, not participating simultaneously in 
another clinical trial, and free of any acute infection dur-
ing the week before inclusion [35]. The sample size was 
estimated according to the mean BMI (nutritional status 
index showing the largest variability) and variance values, 
for each sex and age stratum. This procedure enabled us to 
adequately describe all the variables included in the study. 
For the sample size calculation, a confidence level of 95% 
and an error of ±0.3 were assumed [36]. The final sample 
was estimated to be 3500 adolescents. From October 1, 
2006, through December 31, 2007, a total of 3528 adoles-
cents (46.9% boys) were recruited [37]. Study recruitment 
was conducted at schools. To guarantee that the heteroge-
neity of social background of the population would be rep-
resented, schools were randomly selected after stratifica-
tion on school zone or district. Up to three classes from two 
grades were selected per school. All the adolescents within 
selected classrooms were invited to participate. Only ado-
lescents from classrooms where more than 70% of the 
individuals consented to participate were included. If par-
ticipation rates fell below 70%, the class was excluded and 
another class (in the same age group) was invited from the 
same school. The response rate for the schools and classes 
differed importantly between countries [with Austria hav-
ing the lowest participation rate (57% of schools) and 
France the highest (92% of schools)]. The global partici-
pation rate for pupils within the participating classes also 
differed importantly between countries (ranging from 61% 
for France to 85% for Germany). Within the participating 
classes, participation rates (by definition ≥70%) ranged 
from 79.2% in France to 98.1% in Hungary [35]. Sampling 
and recruitment procedures are described in detail else-
where [35].

The study was approved by Research Ethics Committees 
in each involved city, and written informed consent was 
obtained from participating adolescents and their parents 
[38].

Data collection

Dietary assessment

Dietary consumption was assessed using the self-adminis-
tered, computerized 24-h recall, named HELENA Dietary 
Assessment Tool (HELENA-DIAT), based on the Young 
Adolescents’ Nutrition Assessment software, developed 
and validated in Flemish adolescents. To assess the rela-
tive validity and acceptability of the computerized 24-h 
recall, food and nutrient intakes assessed with the 24-h 
recall were compared with food records (study 1) and 
24-h dietary recall interviews (study 2). HELENA-DIAT 
proved to agree well with both standard methods in catego-
rizing subjects in consumers and no consumers [κ (study 
1) = 0.48–0.92; κ (study 2) = 0.38–0.90]. Spearman’s cor-
relations for energy and nutrient intakes ranged between 
0.44 and 0.79 for study 1 and between 0.44 and 0.86 for 
study 2. In the tests to investigate whether HELENA-DIAT 
agreed with the other methods in ranking portions/amounts 
in consumers, results only were fair to moderate for most 
of the food groups (weighted κ study 1 = 0.11–0.55; study 
2 = 0.04–0.73) [39]; this tool was improved and culturally 
adapted to the nine participating European countries. The 
HELENA-DIAT tool has been evaluated and shown to be 
a good method to collect detailed dietary information from 
adolescents, and it was well received by the study partici-
pants [40].

The European Food Consumption Survey Method 
(EFCOSUM) project found the repeated 24HR to be a suit-
able method to obtain population means and distributions 
[41]. The adolescents completed the 24HR twice (within 
2  weeks) during school time, after a short introduction 
by researchers; both times, trained field workers, includ-
ing a dietitian, were present in the classroom to help the 
adolescent if necessary. HELENA-DIAT used special 
techniques to support and enhance respondents’ memory 
and used series of portion size photos of standard dishes/
foods, which allowed detailed description and quantifica-
tion of the foods and recipes consumed [42]. The partici-
pant could select from about 400 predefined food items and 
was free to add non-listed foods and eaten amounts could 
be reported in grams or household measures [43]. This tool 
is based on six meal occasions referring to the day before 
the interview and organized as breakfast, morning snack, 
lunch, afternoon snack, evening meal and evening snack 
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[43]. Every participant was asked to fill in the HELENA-
DIAT on arbitrary non-consecutive days, twice in a time 
span of 2 weeks, to achieve information closer to the habit-
ual intake. The recalls thus comprised dietary intake infor-
mation about weekdays and weekend days [43].

To avoid difficulties in obtaining comparable measures 
across countries using different country-specific food com-
position tables, data of the HELENA-DIAT were linked 
to the German Food Code and Nutrient Data Base [BLS 
(Bundeslebensmittelschlüssel), version II.3.1, 2005] to 
calculate energy and nutrient intake [44]. This food com-
position database contained the largest number of nutrients 
and food items, approximately 12,000 coded foods, menus 
and menu components with up to 158 nutrients available 
for each product.

The usual dietary intake of nutrients and foods, also 
including occasionally consumed foods, was estimated by 
the multiple source method (MSM) [45]. The MSM calcu-
lates dietary intake for individuals first and then constructs 
the population distribution based on the individual data. 
With this method intake, data were adjusted taking into 
account both between and within individual variability of 
the dietary intake [46]. After applying the MSM method, 
dietary data were analyzed for average energy intake in 
kilocalories (kcal) and kilojoules (kJ), carbohydrates, sac-
charides (monosaccharides and disaccharides), total sugars, 
free sugars in grams (g), and percentages of energy from 
carbohydrates, total sugars and free sugars. As analytical 
data for lactose were available, free sugars content was cal-
culated by subtracting the lactose of the total sugars, based 
on the methodology by steps for estimating added sugar 
content of foods of Louie et al. [47].

Foods were grouped in order to determine the relative 
importance of dietary sources of total sugars and free sug-
ars. Of the total food groups, nine were selected, as they 
contained free sugars: (1) carbonated, soft, isotonic drinks 
including non-alcoholic wine, non-alcoholic beer; (2) fruit 
and vegetable juices; (3) non-chocolate confectionary; (4) 
sugar, honey, jam and syrup; (5) chocolate; (6) desserts and 
puddings milk based (including ice cream); (7) cakes, pies, 
biscuits; (8) breakfast cereals; and (9) other sources (all 
other food groups).

Whereas sugars in unsweetened fruit juices were classi-
fied as natural sugars in 1980, they are, by definition, free 
sugars. Our results are also including free sugars added to 
fruit juices [23, 48].

Total daily energy intake was used to exclude potentially 
implausible recalls [49] by comparing it with basal meta-
bolic rate (BMR) estimated using the equations of Schof-
ield [50]. Using the approach of Goldberg et al. [51], and 
assuming a standard physical activity level (PAL) of 1.55 
and considering two independent recall days, adolescents 
were classified as under-reporters (ratio of energy intake to 

BMR <0.99) and over-reporters (ratio of energy intake to 
BMR >2.40).

Socioeconomic status

Family Affluence Scale (FAS) Information on family soci-
oeconomic status (SES) can be difficult to collect from 
young people because they do not know or are not will-
ing to reveal such information. The FAS was originally 
designed to be a supplementary measure to the traditional 
socioeconomic indicators of parental occupation [51]. The 
FAS data were collected by means of a self-reported ques-
tionnaire [52]. This scale was used in the present study 
as an index of family well-being, and it is based on the 
concept of material conditions of the family. Adolescents 
selected a set of items which reflected family expenditure 
and consumption [53]. This scale includes four questions 
answered by the adolescent in a questionnaire: (1) Do you 
have your own bedroom? (2) How many cars are there in 
your family? (3) How many PCs are there in your home? 
(4) Do you have internet access at home?

In this study, low, medium and high FAS status were 
defined based on the final score obtained from the four 
questions, after giving a numerical value to each possible 
answer in the four questions: low (from 0 to 2), medium 
(from 3 to 5) and high (from 6 to 8) [54].

Parental educational level

Parental educational level (maternal and paternal educa-
tional level) data were collected using the SES self-ques-
tionnaire and adapted in each country from the Interna-
tional Standard Classification of Education (ISCED) in 
primary education (ISCED level 0 or 1; score = 1); lower 
secondary education (ISCED level 2; score =  2); higher 
secondary education (ISCED level 3 or 4; score = 3); ter-
tiary education (ISCED level 5 or 6; score =  4). For the 
purposes of the present study, we merged the two lower 
levels into one group (i.e., ‘primary education and lower 
secondary education’) and obtained three groups: low (the 
lowest parental educational level), medium and high (the 
highest) [55].

Participants

Of the 3528 recruited adolescents, 1188 (33.7%) adoles-
cents were excluded from the analysis based on incom-
plete or implausible intake in the 24HRs (Fig. 1). For the 
present analysis, data on nutritional intake from Herak-
lion (Greece) and Pecs (Hungary) could not be included 
because of incomplete data.

Using the approach of Goldberg et al. [51], 527 (22.5%) 
adolescents were considered as under-reporters and 183 
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(7.8%) adolescents were considered as over-reporters and 
were excluded. The final sample with sufficient and plau-
sible dietary data on energy and nutrient intakes was 1630 
adolescents (45.6% males and 54.4% females).

Sensitivity analyses were conducted (testing differ-
ent possibilities: including/excluding children with one or 
two repeated 24-HDR, including/excluding over-reporters, 
under-reporters). When including only children with one 
repeated 24 dietary recall, estimates became unstable due 
to the sample size. In the other cases, results remained 
nearly unchanged compared with the results given in this 
study.

Statistical methods

For the descriptive analyses, mean intakes and standard 
deviation (SD) for continuous data are presented. Tests for 
normality were performed, using a Kolmogorov–Smirnov 
test. Mean daily intake (g) of free sugars and total sugars 
(g) from various dietary sources consumed by boys and 
girls were tested and Student’s t tests were used to compare 
means by sex. Mean daily intake (g) of free sugars from 
various dietary sources consumed by boys and girls, strati-
fied by age groups (<15 and ≥15 years), was studied [36], 
and Student’s t tests were used to compare means of free 
sugars intake by age groups.

Multiple linear regression analysis was conducted in 
order to determine the association of free sugars intake 

from selected food groups with FAS and parental educa-
tional level after adjusting for sex, age and total energy 
intake. Food groups entered in the model were those 
found to be significantly associated with FAS and paren-
tal educational level in the univariate analysis (FAS and 
parental educational level were entered as dummy vari-
ables, and medium level of both variables was taken as 
the reference level). The results are presented as β coeffi-
cients and 95% confidence intervals. For the food sources 
analyses, per capita and per consumer analysis were done. 
Per capita analysis included all subjects with plausible 
data from 24-h recalls, and it represents the mean intake 
of the population. Per consumer analysis included only 
subjects who reported the consumption of a certain food 
item in the food groups tested. p values <0.05 from two-
sided hypotheses are considered as statistically signifi-
cant. The SPSS statistical software package version 18.0 
(SPSS Inc., Chicago, IL, USA) was used to conduct all 
statistical analyses.

Results

The sample characteristics and mean daily intake of energy, 
carbohydrates and sugars for boys, girls and all subjects 
in the eight survey centers in Europe participating in 
HELENA study are presented in Table 1. Mean total energy 
intake was 8675 (SD 1387)  kJ/day for girls and 10,968 
(SD 1929) kJ/day for boys. Total sugars intake [137.5 (SD 
49.7) g/day] represented 23.6 (SD 6.8)% of energy intake. 
Free sugars [110.1 (SD 48.8)  g/day] represented 19 (SD 
6.5)% of energy intake. Girls had significantly (p < 0.001) 
lower intakes of energy, carbohydrates, total sugars, free 
sugars and significantly lower percentage of energy from 
carbohydrates, compared with boys. The percentage of 
adolescents having free sugars consumption above 10% of 
total energy intake was 94%.

Figure 2a, b shows the mean daily intake of total sugars 
and free sugars from the selected food groups (as percent-
age of sugars intake) for boys and girls. The main contribu-
tor to free sugars was ‘sweetened beverages’: ‘carbonated/
soft drinks’ + ‘fruit and vegetables juices’ (26%); the con-
tribution of ‘carbonated, soft, isotonic drinks’ was 14.4%, 
followed by ‘confectionary non-chocolate’ (13.5%) and 
‘sugar, honey, jam and syrup’ (13.3%). Mean intake of 
free sugars per capita and per consumer of all studied food 
groups was significantly lower in girls, compared with boys 
(Table 2).

When examining by age groups, intakes of free sugars 
of all studied food groups were significantly higher in older 
boys and girls than in younger ones in per consumer analy-
sis, but results were only significant in the case of ‘cakes, 
pies and biscuits’ group in per capita analysis (Table 3).

Assessed for eligibility
(n = 3528)

Excluded (n = 1188)

Not meeting inclusion 
criteria

(n = 402)
One 24H recall
(n = 443)
Not complete recalls
(n = 343)

Excluded from analysis
(n = 527) (under-reporters)
Excluded from analysis
(n = 183) (over-reporters)

Analyzed (n = 1630)

A
na

ly
si

s  
  

E
nr

ol
lm

en
t

Fig. 1   Flowchart of the participants included in the analysis
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Table  4 illustrates the results of the multiple linear 
regression model using the free sugars intake from ‘carbon-
ated and soft drinks,’ ‘confectionary non-chocolate’ group 

and ‘sugar, honey and jam,’ ‘chocolate,’ ‘cakes and pies’ 
and ‘breakfast cereals’ groups as dependent variable and 
the levels of FAS and parental education (from mother and 

Table 1   Sample characteristics 
and mean daily intake of energy, 
carbohydrates, total sugars 
and free sugars for boys, girls 
and all subjects in eight survey 
centers in Europe participating 
in HELENA study, presented 
as mean and standard deviation 
(SD)

a  Sex differences using t test for continuous variables
b  Defined as all monosaccharides plus disaccharides

All (n = 1630) Boys (n = 743) Girls (n = 887) p valuea

Age (years) 14.7 (1.2) 14.75 (1.3) 14.69 (1.2) 0.34

Energy (kJ/day) 9720 (2011) 10,968 (1929) 8675 (1387) <0.001

Energy (kcal/day) 2322 (480) 2620 (461) 2072 (331) <0.001

Total carbohydrates (g/day) 283.2 (69.4) 316.8 (70.3) 255.1 (54.6) <0.001

Total monosaccharides (g/day) 48.4 (29.6) 54.2 (32.7) 43.6 (25.6) <0.001

Total disaccharides (g/day) 89.1 (32.7) 96.6 (35.3) 82.7 (28.9) <0.001

Total sugars (g/day)b 137.5 (49.7) 150.8 (52.7) 126.3 (44) <0.001

Free sugars (g/day) 110.1 (48.8) 123.9 (45) 103.1 (32.9) <0.001

Energy from carbohydrates (%) 48.8 (6.3) 48.4 (6.3) 49.1 (6.2) 0.013

Energy from total sugars (%) 23.6 (6.8) 23 (6.7) 24.4 (6.8) <0.001

Energy from free sugars (%) 19 (6.5) 18.9 (6.9) 19.9 (6.9) <0.001

Fig. 2   a Mean and standard 
deviation, daily intake of total 
sugars from the selected food 
groups (percentage contribu-
tion to total sugars intake and 
SD in brackets) for boys and 
girls. b Mean and standard 
deviation, daily intake of free 
sugars from the selected food 
groups (percentage contribution 
to total sugars intake and SD 
in brackets) for boys and girls. 
Asterisk sweetened beverages: 
carbonated/soft drinks + fruit 
and vegetable juices
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father) as independent variable, after adjusting for sex, age 
and total energy intake.

The results of this analysis indicate that adolescents with 
a low FAS had a less intake of free sugars from ‘confection-
ary non-chocolate’ and ‘sugar, honey and jam’ groups, than 
those with a medium FAS. Adolescents with a low maternal 

educational level had a higher intake of free sugars from 
‘carbonated and soft drinks,’ ‘sugar, honey and jam,’ ‘cakes 
and pies and breakfast cereals’ groups, than those with a 
medium maternal educational level. And adolescents with a 
high paternal educational level had less intake of free sug-
ars from ‘carbonated and soft drinks’ and the ‘chocolates’ 

Table 2   Mean daily intake in grams (and standard deviation) of free sugars from various dietary sources consumed by boys and girls

Student’s t tests were used to compare means by sex

Per capita analysis included all respondents with data from 24-h recalls. It represents the mean intake of the population

Per consumer analysis included only subjects who reported the consumption of food items in the food groups tested
a  Percentage of consumers (boys and girls) of food items in the food group tested

Per capita Per consumer

Number of  
consumers (%)a

Boys Girls p Boys Girls Boys Girls p

Carbonated/soft/isotonic drinks including 
non-alcoholic wine, non-alcoholic beer (g)

17 (6) 14.6 (4.9) <0.001 28.3 19.8 19.4 (8.1) 15.6 (5.9) <0.001

Non-chocolate confectionary (g) 16.9 (5.7) 13.6 (4.7) <0.001 12.6 14.7 18.2 (5.7) 14.9 (4.7) <0.001

Sugar, honey, jam and syrup 15.5 (5.5) 14.2 (4.1) 0.048 7.0 6.3 17.8 (7.6) 14.8 (5.3) <0.001

Chocolate (g) 15.8 (5.2) 13.1 (4.3) <0.001 11.8 12.9 17.8 (7.5) 14.2 (5.5) <0.001

Fruit and vegetable juices (g) 14.7 (4.5) 12.9 (3.5) 0.001 6.3 8.1 17.7 (7.1) 14 (4.8) <0.001

Cakes, pies, biscuits (g) 14.2 (5) 12.4 (3.6) <0.001 17.3 20.4 15.5 (6.5) 12.8 (4.9) <0.001

Desserts and puddings milk based  
(including ice cream) (g)

14.2 (7.3) 10.4 (4.7) 0.001 3 4.4 18 (7) 13.2 (5) <0.001

Breakfast cereals (g) 5.6 (5.4) 4 (4) 0.006 6.1 5.2 9 (7.4) 7.5 (5) 0.001

Other sources (g) 8.7 (7.9) 6.6 (5) 0.013 7.5 8.3 13 (10.7) 12 (9.4) 0.060

Table 3   Mean daily intake in grams (and standard deviation) of free sugars from various dietary sources consumed by boys and girls, stratified 
by age groups in the HELENA study

Student’s t tests were used to compare means of free sugars intake by age groups

Per capita analysis included all respondents with data from 24-h recalls. It represents the mean intake of the population

Per consumer analysis included only subjects who reported the consumption of food items in the food groups tested
a  Percentage of consumers (<15 and ≥15 years) of food items in the food group tested

Per capita Per consumer

Number of  
consumers (%)a

<15 years ≥15 years p <15 years ≥15 years <15 years ≥15 years p

Carbonated/soft/isotonic drinks including  
non-alcoholic wine, non-alcoholic beer (g)

16.8 (6.4) 17.2 (5.6) 0.560 23.4 23.6 17.3 (7.2) 18.4 (7.8) 0.001

Non-chocolate confectionary (g) 16 (5.6) 16.6 (5) 0.173 14.3 13.1 16.8 (6.8) 17.7 (7.5) 0.001

Sugar, honey, jam and syrup 15.4 (5.8) 15.6 (5.2) 0.895 6.2 7.2 15.6 (6.1) 17.3 (7.6) 0.003

Chocolate (g) 15.5 (5.1) 16.4 (5.3) 0.230 13.5 10.9 15.3 (6.6) 17 (7) <0.001

Fruit and vegetable juices (g) 14.6 (4.7) 15 (4.1) 0.613 7.4 7.2 15 (6) 17 (6.6) <0.001

Cakes, pies, biscuits (g) 13.4 (4.8) 15.4 (5) 0.005 17.2 21.5 13.4 (5.4) 15 (6.2) <0.001

Desserts and puddings milk based  
(including ice cream) (g)

14.3 (6.9) 14.5 (6.4) 0.927 3.8 3.7 14.2 (5.7) 16.4 (6.8) 0.005

Breakfast cereals (g) 5.4 (4.9) 5.7 (4) 0.789 5.9 5.2 7 (5.9) 9.1 (6.9) <0.001

Other sources (g) 7.8 (6.2) 7.6 (6.1) 0.357 8.3 7.5 10 (5.9) 11.1 (5.1) <0.001
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groups, than those with a medium paternal educational 
level.

Discussion

First of all, we found in the literature that studies investigating 
total and types of sugars used different indicators to describe 
their intake, depending on the organization or the country in 
which the studies were done. The main indicators used were: 

total daily sugar intake (g), total daily sugar intake as % of 
energy [23–25], NMES [23], added sugars [21, 22, 25, 26, 
31], added sweeteners [28], simple sugars [29], caloric sweet-
eners [30], free sugars daily intake (g) and free sugars intake 
as % of energy [17]. For the last indicators, the proportion of 
the population, but not the mean intake, was described. This 
variability in terminology across countries meant that com-
parisons were limited to within countries [56].

Our findings provide an overview of the intakes and food 
sources of sugars in general, and free sugars in particular, 

Table 4   Associations between 
free sugars intake (g) from 
selected food groups and levels 
of Family Affluence Scale and 
parental educational in the total 
sample; results from multiple 
linear regression among 
adolescents aged 12.5–17.5, 
subset of the HELENA-CSS 
study

The Family Affluence Scale (FAS) was used in the present study as an index of family well-being. This 
scale includes four questions: (1) Do you have your own bedroom? (2) How many cars are there in your 
family? (3) How many PCs are there in your home? (4) Do you have internet access at home? Low, 
medium and high socioeconomic statuses were defined based on the final score obtained from the four 
questions, after giving a numerical value to each possible answer in the four questions. The summed final 
score from all the questions ranged from 0 to 8. Finally, the grouped scores defined three levels of FAS: 
low (from 0 to 2), medium (from 3 to 5) and high (from 6 to 8)

Parental educational level (Par-Educ-Lev) data were collected using a specific questionnaire. In each coun-
try, Par-Educ Lev were adapted from the International Standard Classification of Education (ISCED) pri-
mary education (ISCED level 0 or 1; score = 1); lower secondary education (ISCED level 2; score = 2); 
higher secondary education (ISCED level 3 or 4; score =  3); tertiary education (ISCED level 5 or 6; 
score = 4). For the purposes of the present study, we merged the two lower levels into one group (i.e., ‘pri-
mary education and lower secondary education’) and obtained three groups: low; medium; high (‘low’ was 
the lowest parental occupation level (Par-Occ-Lev) and ‘high’ was the highest Par-Occ-Lev)

Dependent variable Category β coefficient 95% CI p value

Family Affluence Scale

Confectionary non-chocolate (g) Low −0.077 −2.2, −0.1 0.021

Medium Reference Reference Reference

High −0.023 −1.0, 0.5 0.502

Sugar, honey, jam and syrup (g) Low −0.173 −4.7, −1.0 0.002

Medium Reference Reference Reference

High −0.004 −1.1, 1.0 0.948

Parental educational level (mother)

Carbonated/soft/isotonic drinks (g) Low 0.099 −1.5, 0.7 0.013

Medium Reference Reference Reference

High −0.146 −0.4, 1.0 <0.001

Sugar, honey, jam and syrup Low 0.267 −1.4, 4.1 <0.001

Medium Reference Reference Reference

High −0.138 −2.8, 0.01 0.052

Cakes, pies, biscuits (g) Low 0.130 −0.2, 2.6 0.015

Medium Reference Reference Reference

High −0.032 −1.2, 0.6 0.570

Breakfast cereals (g) Low 0.272 −1.8, 5.7 <0.001

Medium Reference Reference Reference

High −0.101 −2.6, 0.4 0.160

Parental educational level (father)

Carbonated/soft/isotonic drinks (g) Low −0.041 −1.3, 0.4 0.280

Medium Reference Reference Reference

High −0.091 −2.1, −0.1 0.028

Chocolate (g) Low −0.052 −1.6, 0.4 0.269

Medium Reference Reference Reference

High −0.122 −2.1, −0.1 0.022
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of a large sample of urban European adolescents. In our 
study, free sugars accounted for 19 (6.5)% of energy intake, 
higher than the recommended 10% of energy [5–7], but 
within the observed range in other studies mentioned in the 
introduction section.

The proportion of adolescents consuming more than 
10% of energy from free sugars was 94%. The consump-
tion of free sugars is higher in boys than in girls. Free sug-
ars were provided in similar proportions by the different 
food groups. Both, ‘carbonated, soft and isotonic drinks’ 
and ‘fruit juices’ are providing 26.7% of the total free sug-
ars consumption. Similar food contributors to free sugars 
intake were observed in other studies [4, 23, 28, 31, 32].

It was also observed that the contribution of the various 
sources of sugars did not change through the years: sev-
eral studies demonstrated, like ours, that soft drinks were 
the largest source of free sugars. Cavadini et  al. [57] also 
reported that soft drinks consumption nearly tripled in boys 
and more than doubled in girls, from 1965 to 1996.

In addition, compared with research in the USA and 
elsewhere, the high levels of free sugars provided by sweet-
ened milk beverages (including chocolate milk and flavored 
yogurt drinks all with added sugar) and fruit juice intake 
seem to be typical for European adolescents [58].

As in the HELENA adolescents, most studies involv-
ing boys and girls showed higher intakes of total sugars 
and added sugars or free sugars in boys than in girls [4, 23, 
24, 28]; also, it can be observed in the different studies that 
older children and adolescents have the highest amount of 
total and free sugars intake, both in grams as in percentage 
of total energy intake [23, 24, 28, 31].

However, not all studies showed differences of total and 
free sugars intake by social class [27], or only differences 
in girls [23]. In the present study, parental educational level 
(maternal and paternal) was chosen as a traditional socioec-
onomic indicator, and FAS was included as supplementary 
measure of SES to reflect family expenditure, consump-
tion and changes in technological developments (personal 
computers) across countries. Car ownership, bedroom 
occupancy, computer ownership and use of internet are 
among the items currently used by a wide range of contem-
porary surveys [59]. Overall, adolescents with high FAS 
participating in this study showed higher consumption of 
free sugars from ‘non-chocolate confectionary’ and ‘sugar, 
honey and jam’ groups.

Only two studies were found reporting sugar intake and 
FAS. They were, however, old studies reporting dietary trends 
among schoolchildren during the 1990s. Children with lower 
FAS scores were found to consume more soft drinks and 
high-sugar foods compared with children with higher FAS 
score [60, 61].

A study in the Netherlands [62] showed that children of 
low and mid-low educated mothers were significantly more 

likely to consume excessive amounts of sugar-containing 
beverages compared with children of high-educated moth-
ers. Parental feeding practices, parental consumption of 
sugar-containing beverages, and children’s television time 
partly explained these associations.

In a study with Norwegian adolescents [63, 64], differ-
ences in perceived availability of both sugar-sweetened 
beverages (SSB) and fruit and vegetables on the basis of 
parental education were found, whereas the differences in 
intake were significant only for SSB. In another study in 
Canada [65], students whose parents completed college or 
university were less likely to consume SSB daily.

As expected, in our study, low parental educational level 
was positively associated with high intakes of free sugars. 
However, we found high intake of free sugars in high FAS 
level adolescents. These results could be in part explained 
because parental education and FAS are different indica-
tors of socioeconomic status. In fact, FAS include different 
dimensions, like the use of internet and the acquisition in 
the recent years of more luxury devices (like mobiles, com-
puters, laptops.). It has been observed that low SES groups 
are using more the mobile phone, spending more money on 
applications and installing more applications overall [66, 
67].

The described differences of sugars intake in the dif-
ferent countries and studies may be a result of a combina-
tion of factors. The observed differences could be a con-
sequence of variations in data collection methods, food 
grouping, inclusion or not of misreporters, selection of 
food composition databases and local and national poli-
cies: in the different studies we examined, the data were 
collected using different methods [4, 22–29, 31]; only few 
studies provided a complete list of sources of total and 
free sugars [23, 28, 31], but they were using different food 
groups; the food composition and other databases used to 
analyze data were different too, or not revealed in the study 
[4, 24, 27, 28, 31]; in several countries there is a public 
health and food industry effort to advice people to reduce 
the consumption of sugars, whereas in other countries there 
is a need to improve this fact. For example, in the USA, 
the decrease in added sugars has been driven by a reduc-
tion in soda consumption (sweetened beverages). In 2001, 
US states started to adopt legislation regulating access to 
SSB in public schools, and as result, between 2004–2005 
and 2009–2010, the number of beverage calories delivered 
to schools decreased by 88% [31].

This study has some limitations. Firstly, the HELENA-
CSS study is not fully representative of the European popu-
lation [36, 64], but providing information on urban adoles-
cents living in selected cities. Food consumption data were 
acquired by self-reported questionnaires, and therefore 
a social bias must be considered. Nevertheless, our 24-h 
recall method has been tested and validated, indicating 
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acceptable accuracy [40]. Another limitation is the fact 
that the 24-h recalls were all completed during school days 
(about the dietary intake of the previous day) and thus did 
not include information about the adolescents’ diet on Fri-
days and Saturdays or on holidays.

A particular strength of our study is the sample size, 
the geographical spread over eight European cities and 
the large and culturally diverse sample of the adolescents. 
The sample consists of adolescents assessed using highly 
standardized and validated procedures. Another strength 
is the use of the MSM taking into account both between- 
and within individual variability of the dietary intake data. 
The exclusion of misreporters identified using a published 
method [51], improved the quality of the data, although the 
exclusion can be a limitation and might have induced selec-
tion bias since the misreporters (especially overreporters) 
might have a special food choice or eating behavior.

Conclusions

This study provides important information about sugar 
intake patterns among European adolescents. The majority 
(94%) of European adolescents was found to consume high 
amounts of sugars (i.e., % of energy from free sugars above 
10%). The main contributor to free sugars intake was ‘car-
bonated, soft, isotonic drinks’ (14.4%), followed by ‘non-
chocolate confectionary’ (13.5%) and ‘sugar, honey, jam 
and syrup’ (13.3%). Our data indicate that adolescents con-
sume free sugars via a broad variety of foods. Continued 
and coordinated efforts are required at a national, commu-
nity and individual level to reduce the intake of free sugars.
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