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Abstract

Purpose To evaluate total, energy-adjusted dietary fiber
(DF), water-soluble fiber (WSF), and water-insoluble fiber
(WIF) intakes in European adolescents and to investigate
their association with indicators of adiposity and serum
biomarkers.

Methods This study, conducted from 2006 to 2007,
included 1804 adolescents aged 12.5-17.5 years (47 %
males) from eight European cities completing two non-
consecutive computerized 24-h dietary recalls. GLM mul-
tivariate analysis was used to investigate associations.
Results Mean DF intake (20 g/day) of the sample met the
European Food Safety Authority recommendation, but was
below those of the World Health Organization and of the
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Institute of Medicine. Total DF, WSF and WIF intakes
were higher in males (P < 0.001), but following energy-
adjustments significantly higher intakes were observed
among females (P < 0.001). Bread and cereals contributed
most to total DF, WSF and WIF intakes, followed by
potatoes and grains, energy-dense but low-nutritious foods,
fruits and vegetables. Moreover, energy-adjusted WSF and
WIF were positively associated with body fat percentage
(BF%), waist to height ratio and low-density lipoprotein
cholesterol, while energy-adjusted WSF was inversely
associated with serum fasting glucose (f = —0. 010,
P = 0.020).

Conclusion Total DF intakes are rather low in European
adolescents. An inverse association with serum fasting
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glucose might indicate a possible beneficial role of DF in
preventing insulin resistance and its concomitant diseases,
even though DF intakes were positively associated with
adolescents’ BF%. Therefore, further longitudinal studies
should elaborate on these potential beneficial effects of DF
intake in the prevention of obesity and related chronic
diseases.

Keywords Dietary fiber - Adolescence - Adiposity -
Biomarkers - HELENA study

Introduction

Evidence indicates that overweight (OW) and obesity (OB)
during childhood is turning into the biggest epidemic
concern of the twenty-first century [1]. Childhood OB is an
important predictor of OB in adulthood [2]. In addition, its
negative health consequences, i.e., metabolic syndrome,
cardiovascular diseases, type 2 diabetes mellitus (T2DM),
were reported to have a negative effect on life quality and
result in higher prevalence of morbidity and mortality in
adulthood [3-6]. In Europe, approximately 14 % of the
children and adolescents participating in the KIDSCREEN
Health Interview Survey were classified as OW, 51 % of
those diagnosed with OW were adolescents [7]. Moreover,
over 20,000 obese European children have been diagnosed
with T2DM and over 400,000 with impaired glucose tol-
erance [4].

Dietary fiber (DF) classified into water-soluble fiber
(WSF) and water-insoluble fiber (WIF), has been consid-
ered a leading dietary factor in the prevention and
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treatment of OB and its concomitant chronic diseases over
the past four decades [8]. DF, as the residue of plant food
resistant to hydrolysis by human alimentary enzymes, is a
heterogeneous mixture of polysaccharides and lignin,
offering potential health benefits to humans [9]. WSF
delays small bowel absorption, which can subsequently
reduce cholesterol absorption due to viscous solutions in
the gastrointestinal tract [10]. In addition, fermentation of
WSF can produce gases and short-chain fatty acids causing
longer lasting satiety, lowering the glycemic index of foods
and retarded absorption due to viscosity effects, conse-
quently, slowing down acute insulin response [10, 11].
WIF, on the other hand, can increase the bulkiness of stool
and fecal mass, thereby shortening the transit time due to
non-digestibility [10].

A significant reduction of DF intake has been observed
in industrialized countries paralleling with a dramatic rise
of OB [12]. The World Health Organization (WHO)
recommends an intake of 20 g/day of non-starch poly-
saccharides (NSP) and at least 25 g/day of total DF,
which can protect against OB and its consequences [9].
The results of previous studies indicate that European
adolescents had lower DF intake compared with the
WHO recommendation, mainly due to high intakes from
animal sources [13-18]. Evidence states that DF intake
plays a strong role in the prevention of OW and OB in
childhood [19-22] through weight maintenance and
blood lipid regulation as a result of a balanced energy
intake [10, 23]. Recent US longitudinal studies show that
a high consumption of DF was beneficially affecting
body composition in children [21, 24] and C-reactive
protein (CRP) levels [25]. In a dietary intervention in OW

D. Molnar
Department of Pediatrics, University of Pécs, Jozsef A. u. 7,
Pécs 7623, Hungary

A. Kafatos
Preventive Medicine and Nutrition Unit, School of Medicine,
University of Crete, Heraklion, Crete, Greece

K. Widhalm
Department of Pediatrics, Private Medical University,
Strubergasse 21, 5020 Salzburg, Austria



Eur J Nutr (2015) 54:771-782

773

or OB adults, great improvements in risk factors of serum
biomarkers including fasting lipids, glucose and insulin
concentrations were observed in those participants with
higher DF intake [26].

Because of lack of comprehensive knowledge of DF,
WSF and WIF intakes, and food sources of DF in European
adolescents, the purpose of the present study was to assess
total, energy-adjusted DF, WSF and WIF intakes in
European adolescents participating in the Healthy Lifestyle
in Europe by Nutrition in Adolescence Cross-Sectional
Study (HELENA-CSS). Associations between energy-
adjusted DF, WSF, WIF intakes and adiposity-related
indicators [body mass index (BMI) z-score, body fat per-
centage (BF%), waist to hip ratio (WHR), waist to height
ratio (W/H)] and serum biomarkers [total cholesterol (TC),
triglycerides (TG), low-density lipoprotein cholesterol
(LDL-C), very low-density lipoprotein cholesterol (VLDL-
C), high-density lipoprotein cholesterol (HDL-C), CRP,
glucose, insulin and leptin] were examined.

Methods
Survey population

HELENA-CSS is a European Commission funded project
on lifestyle and nutrition among adolescents from 10
European cities: Athens and Heraklion (Greece), Dortmund
(Germany), Ghent (Belgium), Lille (France), Pecs (Hun-
gary). Rome (Italy), Stockholm (Sweden), Vienna (Aus-
tria), and Zaragoza (Spain), that ran between October 2006
and December 2007. Due to logistical reasons, adolescents
from Heraklion and Pecs were excluded from the dietary
intake analyses. Male and female adolescents, aged
12.5-17.5 years [divided into the younger age group
(12.5-14.9 years) and older age group (15.0-17.5 years)],
not participating simultaneously in a clinical trial, and free
of any acute infection lasting <1 week before inclusion
year were recruited.

A multi-stage random cluster sampling procedure
was used to select 3,528 adolescents, stratified by
geographical location, age and socioeconomic status
(SES). Schools were randomly selected after stratifi-
cation to guarantee diversity of the sample in culture
and SES. Details on sampling procedures, study design
and non-respondents have been reported elsewhere [27—
29]. Participants were included in this study if they had
provided complete weight and height measurements
and dietary assessment data. The study was approved
by the Research Ethics Committees of each city
involved. Written informed consent was obtained from
the adolescents’ parents and the adolescents themselves
[30].

Dietary intake assessment

Two non-consecutive computerized 24-h dietary recalls,
instructed by dieticians/researchers, were used to collect
the food consumption data. During interviews, adolescents
were allowed to ask questions and assistance, and after
completion the recall was checked for completeness. Every
participant was asked to fill in the HELENA-Dietary
Assessments Tool (DIAT) twice in a time span of 2 weeks.

HELENA-DIAT is a self-administered computer pro-
gram based on the Young Adolescents’ Nutrition Assess-
ment on Computer (YANA-C) [31], consisting of a single
computerized 24-h dietary recall with a structured program
based on six meal occasions (breakfast, mid-morning
snack, midday meal, afternoon snack, evening meal and
evening snack). The validated YANA-C was designed to
obtain a detailed description and quantification of foods
consumed, and eventually included about 800 food items
hierarchically organized in 25 food groups, and about 300
colored photograph sets of foods in different portions [32,
33]. The 25 original food groups were aggregated into 11
summative ones: (1) beverages (including juices, excluding
the rest group); (2) bread and breakfast cereals; (3) potatoes
and grains; (4) total vegetables; (5) legumes, soy products,
soy drinks; (6) total fruits; (7) milk, milk products, cheese
(8) fat, oil, cream cheese, sour cream; (9) meat, poultry,
fish, eggs, nut and seeds; (10) rest group defined as energy-
dense, low-nutritious foods; (11) miscellaneous.

Dietary data of the HELENA-DIAT were linked to the
dietary energy (kcal/day) and DF food composition data (g/
day) of the German Food Code and Nutrient Data Base
(BLS (Bundeslebensmittelschliissel), version I1.3.1, 2005)
[34]. DF was defined as sum of all cellulotic polysaccha-
rides, non-cellulotic polysaccharides and lignin. WSF (g/
day) was the sum of total pectins, while WIF (g/day) was
the sum of cellulose, lignin and hemi-cellulotic polysac-
charides. Energy-adjusted DF intake (g/1,000 kcal/day)
was also calculated using the energy density method [35].
In the present study, under-reporters, defined as individuals
with a ratio of energy intake over estimated basal meta-
bolic rate lower than 0.96 [36] were excluded from the
study sample for the final data analyses.

Anthropometric measurements

Weight (kg), height (m), waist circumference (WC) (cm)
and hip circumference (HC) (cm) were measured by well-
trained researchers on underwear and barefoot adolescents.
Weight was measured with an electronic scale (Type
SECA 861. UK) to the nearest 0.1 kg and height in the
Frankfort plane with a telescopic height measuring instru-
ment (Type SECA 225, UK) to the nearest 0.1 cm.
Thereafter, BMI (kg/mz) and BMI z-score were calculated.
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Participants were classified into four BMI categories
according to the International Obesity Task Force (IOTF)
criteria [37] as follows: underweight (UW) (<18.5 kg/mz),
normal weight (NW) (18.5-24.9 kg/mz), ow
(25.0-29.9 kg/m?), and OB (>30.0 kg/m?), which was
calculated based on the adjustment of gender and age.
Skinfold thickness was measured to the nearest 0.2 mm in
triplicate in the left side at biceps, triceps, subscapular,
suprailiac, thigh and medial calf with a Holtain Caliper.
BF% was calculated from skinfolds thicknesses (triceps
and subscapular) using Slaughter’s equations [38]. Waist
and hip were measured in triplicate with an anthropometric
un-elastic tape SECA 200 to the nearest 0.1 cm and
thereafter WHR and W/H were calculated. BMI, BMI z-
score and BF% were used as surrogates of total body fat
and WHR and W/H as surrogates of central body fat.
Identification of physical maturation (stages I-V) was
assessed by a medical doctor according to Tanner and
Whitehouse [39]. More details about the anthropometric
measurements are given in a previous manuscript [40].

Blood sample

Blood samples were collected in a subsample of the total
HELENA-CSS. Adolescents involved in the blood sam-
pling were asked to fast after 8 pm on the previous day. In
addition, a blood sampling questionnaire was completed by
the participants for the purposes of assessing fasting status,
acute infection, allergies, smoking, vitamin and mineral
supplements, and medication.

A specific handling transport and traceability system for
biological samples was developed for the HELENA study.
Serum leptin (ng/mL) was measured using the RayBio
Human Leptin ELISA (RayBiotech, Norcross, Georgia,
USA) kit at UPM (Madrid). All samples were analyzed
centrally. The blood sampling procedure has been descri-
bed elsewhere [41].

Statistical analysis

Descriptive data are presented as mean with standard
deviation (SD), median or frequency distributions stratified
by gender and/or age group. Mean dietary intakes were
corrected for within-person variation by means of the
multiple source method (MSM) [42]. The normality of the
data and equality of the variances were tested using the
Kolmogorov—Smirnov and Levene’s test, respectively. The
statistical differences of anthropometry, serum biomarkers,
total, energy-adjusted DF, WSF and WIS intakes between
subgroups (gender and age) were checked by Student’s
t test, median test of nonparametric test, multiple analyses
of covariance (MANCOVA). Results were considered
statistically significant at a two-tailed level of 0.05.

@ Springer

GLM multivariate analysis was used to investigate the
associations of total and central adiposity indicators
(dependent variables) with energy-adjusted DF, WSF and
WIF intakes (independent variables), controlling for center
clustering effect. The categories of maternal and paternal
educational level (lower and lower secondary education,
higher secondary education and higher education or uni-
versity degree; for both maternal and paternal education),
physical activity level (at least 1 h physical activity each
day, no physical activity or <1 h physical activity each
day) and potential confounding factors, including age,
gender and tanner stage (pre-puberty, puberty and post-
puberty) and two-way interactions were included in the
model. Two-way interactions were analyzed between
potential confounding factors and independent variables.
Indicators of total and central adiposity and serum bio-
markers were investigated separately. Serum biomarkers
were put in the model after log transformation. The pre-
dicted clinical values of biomarkers based on increasing
1 g intakes of energy-adjusted total DF/WSF/WIF have
been reported after back log transformation. In addition,
energy-adjusted total, WSF and WIF intakes were exam-
ined in a separate model due to collinearity.

All statistical analysis was performed using SPSS for
Windows version 18.0 (SPSS Inc., Chicago, IL, USA).

Results

A total of 1,804 out of 3,528 adolescents (47 % males)
from eight centers with completed, valid dietary informa-
tion on 2 independent days, were included in the final
analysis (Table 1). Only nine males were classified in
Tanner stage 1, with 25 % of total sample in Tanner stage
5. In total, 279 adolescents were classified as OW and OB
(12 and 3 %, respectively). Females had higher BF%,
serum lipid values and leptin concentrations than males,
but lower BMI z-score, WC and WHR compared to males
(Table 1). Furthermore, female adolescents had higher
serum lipid profiles and leptin concentrations than males.

Total energy and dietary fiber intake

Total energy intake among European adolescents was
2,450 kcal/day (range 1,053-5,472 kcal/day). Mean total
DF intake was 20 g/day (range 8.4-84 g/day), and mean
energy-adjusted DF intake was 8.4 g/1,000 kcal (3.3-21 g/
1,000 kcal/day). Additionally, mean WSF and WIF intakes
were 6.5 g/day (2.8-34 g/day) and 14.5 g/day (5.7-49 g/
day), respectively (Table 2). Males had significantly higher
intake of energy, DF, WSF and WIF (P < 0.001 for all),
but lower energy-adjusted DF intakes than females
(P < 0.001). Older adolescents had significantly higher
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Table 1 Anthropometric characteristics and serum biomarkers of
adolescents participating in the HELENA-CSS

Items Total Males Females
(n=1,804) (n=2855) (n=949)
Tanner stage (n = 1,752) %
Tanner 1 0.514 1.1 0.000
Tanner 2-4 73.9 74.2 73.5
Tanner 5 25.6 24.7 26.5
BMI category (n = 1,804)
Underweight 7.9 6.8 8.9
Normal weight 76.7 75.9 71.3
Overweight 12.3 13.3 11.4
Obesity 32 4.0 24
Mean SD Mean SD Mean SD
Age (years) 14.7 1.2 14.8 1.3 14.7 1.2
Anthropometry (n = 1,804)*
BMI z-score  0.270 1.1 0.358 1.1 0.190* 1.0
BF% 22.0 8.6 18.4 9.1 25.1% 6.8
WC (cm) 71.0 7.9 72.7 8.3 69.5% 7.1
WHR 0.626 0.084 0.664 0.088 0.591* 0.061
W/H 0429 0.045 0429 0.046 0429 0.045
Serum biomarkers® Median Median Median
TC (mg/dL) (n = 552) 158.0 151.0 166.0*
TG (mg/dL) (n = 552) 60.0 58.0 61.0
LDL-C (mg/dL) (n = 552) 92.0 89.0 94.0%**
VLDL-C (mg/dL) (n = 552) 12.0 11.6 12.2
HDL-C (mg/dL) (n = 552) 55.0 52.0 57.0*
CRP (mg/L) (n = 524) 0.682 0.671 0.692
Glucose (mg/dL) (n = 552) 90.0 91.0 88.0*
Insulin (L U/mL) (n = 545) 8.2 7.8 8.6%*
Leptin (ng/mL) (n = 518) 10.0 3.6 18.7*

SD standard deviation, BMI body mass index, BF% body fat per-
centage, WC waist circumference, WHR waist to hip ratio, W/R waist
to height ratio, 7C total cholesterol, 7G triglycerides, LDL low-den-
sity lipoprotein cholesterol, VLDL-C very low-density lipoprotein
cholesterol, HDL-C high-density lipoprotein cholesterol, CRP
c-reactive protein

* Mean/median value was significantly different between genders,
P < 0.001, Student’s ¢ test

** Mean/median value was significantly different between genders,
P < 0.05, Student’s ¢ test

* Statistical difference was used Student’s ¢ test for mean value of
anthropometry and median test of nonparametric test for serum
biomarkers

intakes of DF, WSF and WIF than their younger peers
(Ps < 0.003).

Furthermore, OW and obese females consumed less
mean total and energy-adjusted DF intakes compared to
UW and NW peers (Fig. 1). No significant differences

were observed in total and energy-adjusted DF intakes
among BMI categories in males and in the age groups.
Total and energy-adjusted DF intakes were compared to
international guidelines (Table 3). Mean DF intake was on
average 20 g/day, which is below the recommendation of
WHO [18] and of Institute of Medicine (IOM) [43] with
only 20 and 2.5 % of the participants meeting the recom-
mendations, respectively. Whereas approximately 80 % of
the adolescents met the recommendations proposed by the
European Food Safety Authority (EFSA), only 7.5 %
exceeded 30 g/day (103 males and 33 females) [44].
Concerning energy-adjusted DF intake (8.4 g/1,000 kcal/
day), 74 % adolescents were in line with the EFSA rec-
ommendation [44]. In general, fewer OW and obese ado-
lescents met the total DF intake requirements of WHO,
EFSA and IOM, compared to the UW and NW peers.

Food groups contributing to total, water-soluble
and water-insoluble dietary fiber intakes

The main food groups contributing to total DF, WSF and
WIF intakes in the total population, and among males and
females consisted of bread and cereals (bread and rolls in
particular), followed by potatoes and grains, rest group
products, fruits and vegetables (Table 4). The main con-
tributing food subgroups were the fruit subgroup including
fresh fruits, fruit salad and processed fruit, the vegetable
subgroup including fresh vegetables, vegetable salad, pre-
pared vegetables excluding potatoes, and the potatoes and
grains subgroup including starch roots, potatoes contrib-
uting more among females; while among males, bread and
rolls, pasta, breakfast cereals, rice and other cereals con-
tributed relatively more.

Adiposity indicators and serum biomarkers

Further investigation shows that, on the one hand, BF%
was positively associated with energy-adjusted WSF and
WIF intakes (f = 1.7, P = 0.005; § = 0.706, P = 0.014,
respectively), and W/H and LDL-C positively with energy-
adjusted WSF intakes (f = 0.009, P = 0.014; = 0.031,
P = 0.047); on the other hand, serum fasting glucose was
inversely associated with energy-adjusted WSF intake,
respectively (f = —0. 010, P = 0.020). With increasing 1
g intakes of energy-adjusted WSF/WIF, BF% could
increase by 1.7/0.706 %, respectively, W/H by 0.009 ratio
unit and LDL-C by 0.031 mg/dL with 1.03 mg/dL predi-
cated clinical value; while with 1 g energy-adjusted WSF
intake, serum fasting glucose could reduce 0.010 mg/dL
with 0.990 mg/dL predicated clinical value. Total energy-
adjusted fiber intake was not associated with any adiposity
and biomarker parameters (Table 5).
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Table 2 Estimated mean total energy intake, and total, energy-adjusted, water-soluble and water-insoluble dietary fiber intakes of adolescents
participating in the HELENA-CSS stratified by gender and age category (n = 1,804)

Intakes® Total Males Females pP* 12.5-14.9 years  15.0-17.5 years P**
Mean SD Mean SD Mean SD Mean SD Mean SD
Energy (kcal/day) 2,449.6 636.6 27922 655.1 2,1409 427.8 <0.001 12,3584 572.8 2571.5 695.0 <0.001
Total fiber (g/day) 20.3 6.4 21.7 6.8 19.0 5.8 <0.001 19.7 6.4 21.0 6.4 0.002
Energy-adjusted fiber 8.4 2.0 7.8 1.7 8.9 2.1 <0.001 8.4 2.0 8.3 2.0 0.074
(g/1,000 kcal/day)
Water-soluble dietary fiber 6.5 2.1 7.0 2.1 6.1 1.9 <0.001 6.4 2.1 6.8 2.0 0.001
(g/day)
Water-insoluble dietary fiber 14.5 4.6 15.6 5.0 13.6 4.1 <0.001 14.1 4.5 15.0 4.7 0.003
(g/day)
SD standard deviation
* Mean value was significantly different between genders
** Mean value was significantly different between age categories
# Multiple analyses of covariance (MANCOVA) (P < 0.05, Bonferroni)
A ——Male —#—Female B
o B0 s ——12.5-149y —B-15.0-175y
g 204 216 21.9 = g s
5 £ 21.1
w210 3058 £ 2104 . 210
2 - I
é 20.0 P=0.274 é 2.5
g % 190 £2 200
2~ 180 £3
T 170 = 1954
3 B - E
g 16.0 16.4 :2 19.0
S 150 _ 4 4 . S 185 - , . ,
Underweight Normal weight — Overweight Obesity = Underweight ~ Normal weight ~ Overweight Obesity
BMI Category BMI Category
C 91- —+—Male —=—Female D ——125-149y —@-15.0-175y
2 ’ 8.9 8.9 B 9.0
&< 8.9+ gs
0= Q= 881
s E 8.7 23
g S 85 :E_,g 8.6
R 52
-E @ 8.3 ;5 @ 8.4
5 S 81+ 53 2
? £ 79 1 & 5 827
55797 78 7 gE
g5 77 =5 809
S P=0.301 s 2
=% s § & s - - - -
Underweight Normal weight ~Overweight Obesity Underweight Normal weight — Overweight Obesity
BMI Category BMI Category

Fig. 1 Mean (a, b) total and (c, d) energy-adjusted dietary fiber intakes by BMI category stratified by gender (a, ¢) and age (b, d) of adolescents

participating in the HELENA-CSS

Discussion

Dietary fiber intakes

This is the first large European adolescent population-
based dietary survey to provide data about total DF,

energy-adjusted DF, WSF and WIF intakes among Euro-
pean adolescents. Total DF intake in the study was below

@ Springer

the WHO and IOM recommendations, but met the EFSA
criteria. Rolland-Cachera et al. [16] suggested insufficient
DF intakes in adolescents from Western Europe, which is
in line with recent research on DF intake in Belgian ado-
lescents [15]. This could be attributed to the more west-
ernized style of eating: our data suggest that European
adolescents have higher consumption of animal sources
and energy-dense, low-nutritious foods, and lower
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Table 3 Proportion of adolescents participating in the HELENA-CSS meeting the international recommendations for total and energy-adjusted

fiber intake (n = 1,804)

Organization Recommendation Intakes in line with the recommendation (%)

All Males Females uw NW ow OB
WHO Total fiber: 25 g/day 20.0 27.8 14.5 19.0 20.8 153 22.8
EFSA Total fiber: 15-30 g/day 80.0 84.8 83.9 84.5 79.5 77.5 78.9
EFSA Energy-adjusted fiber: 7.1-10.5 g/1,000 kcal/day 73.6 62.8 93.2 754 73.0 75.7 77.2
IOM Males total fiber: 38 g/day NA 2.1 NA 1.7 1.8 2.6 59
IOM Females total fiber: 26 g/day NA NA 114 11.9 11.0 5.6 0.0

WHO World Health Organization, EFSA European Food Safety Authority, /OM Institute of Medicine, UW underweight, NW normal weight, OW

overweight, OB obesity, NA not available

consumption of vegetables and fruits. These findings are in
accordance with the results reported from a study con-
ducted in Southern Europe showing high levels of total and
saturated fat intakes [13]. Similarly, OW and obese Swiss
children and young adolescents consume more dairy and
meat products, but much less vegetables compared with
NW peers [45], a trend which was also observed in Spanish
adolescents [46]. Total DF intake of the adolescents par-
ticipating in HELENA was higher than in Belgian (male:
17.8 g/day; female: 15.0 g/day) and US (13.7 g/day) ado-
lescents, due to lower vegetable and fruit intakes in both
Belgian and US populations [15, 47]. The Asian dietary
style is known to consume more foods derived from plant
sources compared to the Western style. Additionally,
higher energy-adjusted DF intakes were reported in our
study than that of Japanese adolescents (12—15 years)
(5.6 g/1,000 kcal/day for both NW and OW males;
5.8-6.0 g/1,000 kcal/day for NW and OW females) [48]
and Chinese children aged 7-17 years old (NW: 5.4 g/
1,000 kcal/day; OW: 5.0 g/1,000 kcal/day) [49]. The ratio
of WIF and WSF intakes was lower in our study (2.2 for
both genders) than in Japanese adolescents (3.7 for both
genders), however, both mean WSF and WIF intakes were
higher than those estimated in the whole Japanese popu-
lation in 1998 (3.2 and 11.2 g/day, respectively) [12].
Different standards for food portion sizes due to different
cultures and differences in food composition can result in
the diversity, and as well as the ranking of contributors to
the dietary intakes may be a possible factor. Additionally,
observed variations might be attributed to differences in
dietary assessment methodology, regional dietary habits,
population characteristics and use of food composition
tables and regional dietary habits.

In the present study, the most important contributors to
DF, WSF and WIF intakes were bread and cereals, fol-
lowed by rest group products, potatoes and grains, fruits
and vegetable. Similar food groups were identified as the
major contributors in Belgian (15-18 years) [15] and Ital-
ian (mean age: 17 years) adolescents [14] using two

repeated, non-consecutive 24-h dietary recalls, and three
times 4-consecutive-day 24-h dietary records, respectively.
Considering the sub-contributors, legume was one of the
main contributors in Italian [14] and US children
(2-18 years, in-person 24-h dietary recall) [50], but not for
European adolescents. Likewise, rice/wheat and vegetables
were top two sub-contributors reported in the Chinese
children [49]. Additionally, findings show that energy-
dense, low-nutritious foods were consumed in higher
amounts than healthy foods such as vegetables and fruits in
adolescents.

Associations between dietary fiber intakes
and indicators of body composition and serum
biomarkers

DF has been used in the prevention or treatment of OB in
children and adults [51]. According to our results, OW
adolescents had lower total, energy-adjusted DF intakes
than UW and NW participants, females in particular.
Aeberli et al. [45] reported that total DF intake was sig-
nificantly lower in Swiss OW boys, but not in girls. The
tendency of total DF intake throughout the weight groups,
except females, shows that OB adolescents had the highest
consumption of DF. However, differential misreporting
(e.g., more underreporting among the obese) could bias
those results.

No associations were observed in the present study
between body composition indicators and energy-adjusted
total DF. Previous studies show an inverse association
between DF intake and BMI in healthy female adolescents
[24] and central adiposity in OW adolescents [21, 52].
However, some studies found no associations of high DF
intakes with change of body weight and composition [53,
54]. Previous findings reported by Cheng et al. [54] stated
that DF intake might not affect the development of BF% or
BMI during puberty. Likewise, a non-significant change in
BF% and BMI upon high consumption of whole-grain-
derived DF in adolescents was described [54]. However,
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Table 4 The contributions (%) of consumption of different food groups to total, water-soluble and water-insoluble dietary fiber intakes

Food groups® Rank Total fiber Water-soluble Water-insoluble
dietary fiber dietary fiber
All  Males Females All Males Females All Males Females
Beverages (including juices, excluding the rest group) 30 3.0 3.1 35 35 35 28 28 2.8
Bread and breakfast cereals 245 258 237 274 288 268 222 235 214
Bread and rolls 1 20.8 21.6 205 244 253 241 184 19.2 18.1
Breakfast cereals 8 37 42 33 3 3.4 2.7 37 43 33
Potatoes and grains 175 18.0 169 20.1 20.6 194 179 183 17.4
Starch roots, potatoes 6 6.7 64 7.0 69 6.5 72 7.1 6.8 7.4
Pasta 4 7.7 8.0 7.3 93 95 8.9 80 83 7.7
Total vegetables 100 9.0 11.0 9.6 88 103 102 9.0 112
Fresh vegetables, vegetable salad excluding potatoes 3 9.8 88 10.7 93 8.6 10.0 100 8.9 11.0
Legume, soy products, soy drinks 38 33 4.0 54 4.7 5.7 28 25 3.0
Pulses (excluding fresh peas, sweet corn and broad bean) 10 27 28 24 38 4.0 32 20 2.1 1.8
Total fruits 141 127 154 133 121 144 14.1 128 155
Fresh fruits, fruit salad, processed fruit 2 139 12.6 15.1 13.1 12.0 14.2 14.0 12.6 15.3
Milk, milk products, cheese 39 4.0 3.7 19 20 1.8 47 48 4.5
Fat, oil, cream cheese, sour cream 03 03 0.3 04 03 0.3 03 03 0.3
Meat, poultry, fish, eggs, nut and seeds 45 45 4.5 52 5.1 52 42 42 4.2
Meat, poultry and processed meat 9 29 32 2.5 3.1 3.6 2.6 2.8 3.1 24
Rest group (snacks and desserts)” 16.7 174 162 11.5 119 112 19.1 199 18.6
Cakes, pies, biscuits 6 63 6.1 6.4 65 6.3 6.6 64 62 6.6
Chocolate 7 55 6.1 5.0 1.8 2.0 1.6 72 79 6.6
Miscellaneous 1.7 20 1.2 1.8 22 14 1.7 20 1.2

? Top 10 food subgroups contributed to most total fiber intake. The food groups and subgroups: (1) beverages (including juices, excluding the
rest group) including subgroups of (a) water, (b) soups and bouillon, (c) coffee and tea, (d) fruit and vegetable juices, (e) carbonated/soft/isotonic
drinks including non-alcoholic wine, non-alcoholic beer, (f) beer, (g) wine and cider, (h) other alcoholic beverages; (2) bread and breakfast
cereals including subgroups of (a) bread and rolls, (b) breakfast cereals; (3) potatoes and grains including subgroups of (a) starch roots and
potatoes, (b) pasta, (c) rice and other cereals, (d) flour; (4) total vegetables including subgroups of (a) fresh vegetables, vegetable salad, prepared
vegetables excluding potatoes, (b) meat substitutes and vegetarian products; (5) legume, soy products, soy drinks including subgroups of
(a) pulses (excluding fresh peas, sweet corn and broad bean), (b) soya beverages, (c) desserts and puddings soya based; (6) total fruits including
subgroups of (a) fresh fruits, fruit salad, processed fruit, (b) olives and avocado; (7) milk, milk products, cheese including subgroups of (a) white
milk and buttermilk, (b) yogurt and from age blanc (quark), (c) milk and yogurt beverages, (d) cheese [excluding from age blanc (quark)],
(e) desserts and puddings milk based (including ice cream), (f) other milk products; (8) fat, oil, cream cheese, sour cream including subgroups of
(a) butter and animal fats, (b) margarine and lipids of mixed origins; (9) meat, poultry, fish, eggs, nut and seeds including subgroups of (a) meat,
poultry and processed meat, (b) fish products, (c) eggs, (d) nuts and seeds (including nut- and seed-spreads), (e) nuts, seeds and olives; (10) rest
group including subgroups of (a) cakes, pies, biscuits, (b) savory snacks, (c) chocolate, (d) creams (including non-dairy and coffee creams),
(e) sugar, honey, jam and syrup, (f) confectionery non chocolate, (g) other sugar products, (h) sauces (excluding dessert sauces), (i) products for
special nutritional use; (11) miscellaneous

® Rest group (snacks and desserts) was defined as energy-dense, low-nutritious foods

positive associations of BF% and W/H were found with
WSF and WIF. These results are in conflict with other

C was found positively associated with energy-adjusted
WSF intake, while evidence shows that increasing the

studies indicating that a high consumption of WSF,
including fruit- and vegetable-derived DF [25, 55, 56] and
WIF, such as cereal-derived DF [22, 25, 57-59], not only
benefits body composition, but also improves blood lipids,
glucose and insulin sensitivity due to low-glycemic index
diets. Serum fasting glucose concentration was inversely
associated with energy-adjusted WSF intake in our study,
which is in line with the above indications. However, LDL-
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consumption of DF may protect against high serum TC,
TG, LDL-C and CRP concentrations, and improve glucose
concentrations in adults [23, 25, 60]. Consistent with our
findings, low DF intakes may be associated with insulin
resistance among 8- to 10-year-old and 14- to 16-year-old
Danish girls [61]. Conversely, one randomized clinical trial
involving children, aged 5-17 years, with hypercholester-
olemia showed that cereal- and water-soluble psyllium-
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Table 5 Associations between
indicators of adiposity and
serum biomarkers, and energy-
adjusted total, water-soluble and
water-insoluble dietary fiber
intakes of adolescents
participating in the HELENA-
CSS

SE standard error of coefficient
B, CI confidence interval

? In the model, analysis was
controlled for country
clustering, the categories of
maternal and paternal education
level (lower and lower
secondary education, higher
secondary education and higher
education or university degree
for both maternal and paternal
education), physical activity
level (at least 1 h physical
activity each day, no physical
activity or <1 h physical
activity each day) and potential
confounding factors including
age, gender and tanner stage,
and two-way interactions
between potential confounding
factors and energy-adjusted
water-soluble/water-insoluble
dietary fiber (separate model)

® Serum biomarkers were
included in the model after log
transformation

¢ The predicted clinical values
of biomarkers were calculated
after back log transformation
based on increasing 1 g intakes
of energy-adjusted total dietary
fiber/water-soluble dietary fiber/
water-insoluble dietary fiber

Dependent variables

Energy-adjusted total dietary fiber®

p SE 95 % CI The predicted clinical value® (95 % CI) P

Body composition
BMI z-score 0.024 0.031 —-0.037 0.086 0.024 (—0.037 to 0.086) 0.436
BF% 0.355 0.233 —0.102 0.812 0.355 (—0.102 to 0.812) 0.127
WHR 0.000 0.002 —0.004 0.005 No change 0.824
W/H 0.001 0.001 —0.002 0.003 0.001 (—0.002 to 0.003) 0.598

Serum biomarkers”

TC 0.001 0.002 —0.003 0.005 1.00 (0.997-1.01) 0.669
TG 0.004 0.006 —0.008 0.015 1.00 (0.992-1.02) 0.531
LDL-C 0.006 0.004 —0.001 0.013 1.01 (0.999-1.01) 0.101
VLDL-C 0.004 0.006 —0.008 0.015 1.00 (0.992-1.02) 0.531
HDL-C —0.002 0.003 —0.007 0.003 0.998 (0.993-1.00) 0.397
CRP —0.016 0.017 —0.050 0.018 0.016 (—0.049 to 0.018) 0.347
Glucose 0.000 0.001 —0.002 0.002 1.00 (0.998-1.00) 0.687
Insulin —0.014 0.007 —-0.028 0.000 0.986 (0.972-1.00) 0.056
Leptin —0.012 0.013 —-0.037 0.014 0.988 (0.964-1.01) 0.375
Energy-adjusted water-soluble dietary fiber”

BMI z-score 0.157 0.082 —0.004 0.319 0.157 (—0.004 to 0.319) 0.055
BF % 1.7 0.608 0.508 2.9 1.7 (0.508-2.9) 0.005
WHR 0.003 0.006 —0.008 0.014 0.003 (—0.008 to 0.014) 0.543
W/H 0.009 0.003 0.002 0.015 0.009 (0.002-0.015) 0.014

Serum biomarkers®
TC 0.010 0.010 —0.009 0.029 1.01 (0.991-1.03) 0.291
TG 0.040 0.025 —0.009 0.089 1.04 (0.991-1.09) 0.106
LDL-C 0.031 0.016 0.000 0.062 1.03 (1.00-1.06) 0.047
VLDL-C 0.040 0.025 —0.009 0.089 1.04 (0.991-1.09) 0.106
HDL-C —0.008 0.011 —0.029 0.014 0.992 (0.971-1.01) 0.479
CRP —0.021 0.074 —0.167 0.124 0.021 (—0.154 to 0.132) 0.772
Glucose —0.010 0.004 —0.018 0.002 0.990 (0.982-1.00) 0.020
Insulin —0.017 0.031 —0.078 0.044 0.983 (0.925-1.04) 0.577
Leptin —0.036 0.055 —0.145 0.073 0.965 (0.865-1.08) 0.513

Energy-adjusted water-insoluble dietary fiber*

Body composition
BMI z-score 0.054 0.039 —0.022 0.129 0.054 (—0.022 to 0.129) 0.165
BF% 0.706 0.287 0.143 1.3 0.706 (0.143-1.3) 0.014
WHR 0.000 0.003 —0.005 0.005 No change 0.971
WIH 0.002 0.002 —0.007 0.002 0.002 (—0.007 to 0.002) 0.316

Serum biomarkers”

TC 0.001 0.003 —0.005 0.006 1.00 (0.995-1.01) 0.804
TG 0.006 0.007 —0.009 0.021 1.01 (0.991-1.02) 0.431
LDL-C 0.007 0.005 —0.002 0.017 1.01 (0.998-1.02) 0.118
VLDL-C 0.006 0.007 —0.009 0.021 1.01 (0.991-1.02) 0.431
HDL-C —0.004 0.003 —0.010 0.003 0.996 (0.990-1.00) 0.251
CRP —-0.014 0.022 —0.058 0.029 0.014 (—0.056 to 0.029) 0.519
Glucose —0.001 0.001 —0.004 0.001 0.999 (0.996-1.00) 0.410
Insulin —0.015 0.009 —0.033 0.003 0.985 (0.968-1.00) 0.105
Leptin —0.012 0.016 —0.045 0.020 0.988 (0.956-1.02) 0.455
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derived DF intakes did not improve blood lipid profiles
[62], unlike the results of Anderson et al. [63] in hyper-
cholesterolemic ambulatory adults. A review study con-
cluded that fruit- and vegetable-derived DF intakes do not
directly reduce the risk of OW and OB, whereas WIF does
directly reduce the risk of OW and OB [64]. Although total
DF, WSF and WIF intake did not have strong associations
with body composition and biomarkers, high DF con-
sumption during adolescence was suggested to result in
adjustment of blood lipid profile, improvement of insulin
resistance and lower systolic blood pressure during young
adulthood [65].

It is noteworthy that physical activity was a very critical
confounder as the relationship of DF intakes with adiposity
indicators and serum biomarkers was modified after
adjusting for physical activity levels (data not shown).
Potential confounding factors, such as Tanner stage and
region, may explain the effect of DF intake on the con-
tradictory outcome measurements. The small sample size
for blood sample collections involved in the current study
may also be a potential influencing factor. Although sta-
tistical analyses in the current study were adjusted for the
Tanner stage, center, age, gender and physical activity, it is
likely that the observed weak linear relationship of serum
biomarkers with DF intakes may be caused by minor var-
iation of misreporting. Puberty in particular may bias the
effect of DF intake on OB-related parameters [24, 53, 54].

Strengths and limitations

HELENA CSS is the first large-scale survey assessing
nutrition related aspects among European adolescents, via
standardized procedures. Furthermore, it is the first study
evaluating total and energy-adjusted DF, WSF and WIF
intakes in European adolescents, in relation to adiposity-
related indicators, including adiposity and serum bio-
markers. Standardized procedures were used to estimate
the adolescent’s dietary intakes by means of duplicate
computer-assisted 24-h dietary recalls. Also all other life-
style indicators and biomarkers were collected via stan-
dardized procedures.

Nonetheless, some limitations of this study need to be
considered. A first limitation of the method used is, how-
ever, that only information of 2 days was collected. The
24-h dietary recall method does not allow accurate
assessments of infrequently consumed foods. In order to
correct for such errors, nutrient intakes were corrected for
within-person variability by applying the MSM method.
Moreover, accuracy of collected data relies on the indi-
vidual’s memory in the past 24 h and might, therefore, be
biased toward underreporting. In this respect, the 24-h
dietary recalls were performed through computer-assisted

@ Springer

HELENA-DIAT software to standardize the recall proce-
dures as much as possible.

Since DF definitions differ between the different local
food composition tables and due to many missing data of
fiber content in these tables, the same food composition
table for conversion of food intake data to estimated
nutrient intakes was used for all survey centers. In this way,
differences in definitions, analytical methods, units and
modes of expression were overcome. In this regard, the
dietary data of the HELENA-DIAT were linked to BLS
[34]. Data from each country were linked to this database
to ensure standardization of available measures. However,
DF contents of missing foods in the BLS table were cal-
culated via recipes or borrowed from local food composi-
tion tables. Second, the small sample size of serum
biomarkers could result in weak linear relationships
between DF intakes and serum biomarkers. Additionally,
we did not consider food processing, which may have
influenced the accuracy of total, WSF and WIF estimates.

Conclusion

In this first large-scale nutrition survey among European
adolescents, average total and energy-adjusted DF intakes
met the EFSA recommendations, but were below the WHO
and IOM recommendations. The food group of bread and
cereals was the most important contributor to total DF, WSF
and WIF intakes, followed by rest group products, potatoes
and grains, fruits and vegetables. Furthermore, our results
indicate that energy-adjusted WSF and WIF are positively
related to BF%, W/H and LDL-C, but inversely related to
serum glucose. Although few associations were found,
WSF and WIF may play a beneficial role in DF by pre-
venting insulin resistance and its concomitant diseases, due
to low-glycemic index diets. However, DF intakes can be
positively related to adolescents’ BF%. Further longitudinal
studies should carry on these potential effects of DF intake
in the prevention of OB and/or related chronic diseases.
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