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Introduction  

The epidemic of overweight and obesity is no longer the ex-
clusive domain of the adult population; greater numbers of
children are now becoming overweight [1]. It is generally ar-
gued that the prevalence of overweight has increased along
with the positive shift towards the consumption of energy-
dense diets in the population [1]. In accordance, the WHO rec-
ommends reducing dietary energy density and increasing fiber
intake in order to prevent and treat overweight [2]. However,
so far only few studies [3–7] have examined the association
between energy density and weight gain, and only a few of
them have investigated children and adolescents in a prospec-
tive study design [6–8]. Short-term studies demonstrate that
energy density influences energy intake [4, 9–11], but long-
term effects of energy density and health outcomes are largely
unexamined. For instance, dietary energy density can be re-
duced by increasing the fiber or water content or by reducing
the sugar or fat content of the diet.
Hence, the purpose of the present study was to examine asso-
ciations between dietary energy density or fiber intake and
subsequent 3-year change in BMI z-score among 8- to 10-year-
old boys and girls. Because metabolism may differ among
those of normalweight and those who are already overweight
[12, 13], associations were also studied among groups of nor-
mal-weight and groups of overweight children. 

Material and Methods

Data from the present longitudinal study were obtained from the Danish
part of the international multicenter study, the European Youth Heart
Study (EYHS), in the academic year 1997/1998 and from the follow-up
survey in 2000/2001.
All the participants were living in the city of Odense, which is the third
largest city in Denmark. 
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Summary 
Objective: Results from short-term studies demonstrate
that energy density influences energy intake, but in chil-
dren and adolescents the long-term effects of energy
density and obesity development are sparse. We exam-
ined the longitudinal relationship between dietary ener-
gy density, fiber intake, and body weight change over 3
years among Danish children. Methods: Multiple regres-
sion analyses were performed using anthropometric and
dietary data of 398 boys and girls (8–10 years) who were
enrolled in 1997/1998 and followed up in 2000/2001. Vali-
dated 24-hour recall interviews were conducted in order
to collect dietary energy intake. Overweight was defined
as 1.05 SD, equivalent to the 85th percentile, of age- and
sex-specific BMI z-score reference values. Results: An in-
verse association between fiber intake and subsequent
excess weight gain was observed among the normal-
weight boys. In overweight boys, there was a direct as-
sociation with excess weight gain. A high energy intake
was associated with a higher weight gain among over-
weight than among normal-weight boys. No significant
association between dietary energy density and subse-
quent excess weight change was seen. The prevalence of
overweight increased from 27.1 to 29.9%. Mean Δz-score
was +0.1 and +0.4 for boys and girls, respectively. Con-

clusion: Dietary energy density was not associated with
3-year weight gain in boys and girls. Only energy and
fiber intakes were related to weight gain, but in different
ways for subgroups of normal-weight and overweight
boys. 
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Study Population and Participants  
Inclusion criteria for and participation rate of EYHS are described in 
detail in a previously published article [14]. In brief, the present study
 population consisted of 3rd grade students of the EYHS study population
(n = 589). In 2001, as 6th graders, they made up the study population of
adolescents for ‘Fyn’s Backs’. Participants with missing information on
any measurement at baseline (n = 41) and incomplete follow-up (n = 150)
were excluded from the analyses. In total, 398 children (181 boys and 
217 girls) were eligible for analyses.

Co-Variates

Anthropometric Data
Anthropometric data were measured both at baseline and at follow-up.
Height (cm) was measured to the nearest 0.1 cm with a stadiometer. Body
weight (kg) was measured to nearest 0.1 kg with a calibrated beam-scale
weight. The participants wore underwear or light garments only. 

Dietary Information 
Two interviewers obtained information on diet from a single validated 
24-hour recall interview at baseline. Prior to the study, they had training
focused on interview techniques in general and, more specifically, in rela-
tion to children. During the interview, pictures of portion sizes and of the
most frequently consumed food items were shown to the child for the
 estimation of portion sizes. 
Prior to the day of the interview, all parents received a food record diary
and written instructions on how to record their child’s food intake. At the
end of the day, the parent was encouraged to help the child describing the
details of the consumed foods and liquids and the location where the meal
was consumed. Thus, the dietary data used for analysis are based on both
child-reported and parent-recorded data. The method of combining the
24-hour dietary recall interview with a parent’s food record assisted to
help secure validity of the diet information obtained for this group of rel-
atively young children. As Danish students do not attend school on Satur-
day or Sunday, records are not available for Friday or Saturday. Informa-
tion on food intake from the 24-hour recall interviews was entered into a
Danish nutrition program (DanKost 2000, ver. 1.4), and nutrients were
calculated.
The present method of assessing dietary intake is considered to be a valid
method for assessing the dietary intake of children as young as 8 years old
[15]. The validation study, which was based on another study sample than
the present EYHS, included 12 girls and 12 boys from Odense, Denmark.
The validation of the 24-hour dietary recall interviews included compari-
son of energy intake with energy expenditure, and the performance of
total energy expenditure (TEE) was evaluated for identification of misre-
porting of energy intake. In total, dietary intake was assessed twice in the
14-day period of the doubly labelled water (DLW) measured TEEDLW.
Valid reported energy intake was defined as EI/TEEDLW within a speci-
fied 95% confidence interval (0.80–1.20). The validation showed that
mean dietary energy intake was in accordance with the results from the
TEEDLW for both boys and girls (not published). 

Energy Density 
There is no consensus about the standard calculation method for energy
density. Recently, one study compared eight potential energy density cal-
culation methods and concluded that energy density based on solid and
liquid foods and beverages and their water content should be used [16].
Hence, in light of this, and also as it is the most frequently used calculation
in the literature, energy density was calculated as:

Dietary Fiber
Dietary fiber was analyzed as a combined group containing both soluble
and insoluble fibers and was expressed in g/day. 

Volume
The volume component of energy intake was defined as the water con-
tained in the foods and beverages consumed along with and in between
the meals.

Fat Intake 
Dietary fat intake may influence dietary energy density and energy intake
and is examined as fat energy percentage (E%).

Assessment of Physical Activity 
At baseline, physical activity was assessed by obtaining activity counts
using the MTI accelerometer, model 7164 (Manufacturing Technology In-
corporated, Fort Walton Beach, FL, USA) worn on the hip and secured by
an elastic waist belt. Children wore the accelerometer for 4 consecutive
days that included both weekend days. Measurements were taken during
each season over a full school year to minimize the effects of seasonal
variation in activity patterns. 
Activity-induced energy expenditure (AEE) and TEE were predicted by
using equations derived from similar measurements of physical activity
on the basis of activity counts from the MTI accelerometer and sex [17].
Basal metabolic rate was predicted by subtracting AEE from TEE. Here-
after, physical activity level (PAL) was predicted as TEE over basal meta-
bolic rate. PAL assessed by activity monitoring  has been validated among
the study population in a previous study [17], and the method is demon-
strated to be feasible in epidemiological studies [18].

Puberty 
Tanner’s five-stage sexual maturation scale was used to assess the puberty
stage among the school children at baseline [19]. The same trained person
judged the level of puberty in Tanner’s five-stage sexual maturation scale.
Puberty was categorized into four stages where the lowest stage was de-
fined as ‘not started puberty’ and the remaining stages indicated the level
of puberty. 

BMI z-Score
BMI z-score is a measurement for pediatric and adolescent under- or
overweight that takes into account sex-, age- and growth-specific consid-
erations [1]. The least mean square method (LMS) method was used to
generate BMI z-scores [20]. 
In the present study, we applied national reference z-scores to the study
population under examination. A syntax was received with equations for
calculating L, M, and S values based on large national population cohorts.
The obtained equations were merged to the present data, and z-scores
were generated. These z-scores for age-specific BMI were based on the
difference between the observed value of the examined population and
the median reference value of the reference population, standardized
against the standard deviation of the reference population [20]. Hence, a
z-score expresses excess weight gain as the amount of weight gain that is
not attributable to children’s normal growth. 
The present analyses were adjusted for BMI z-score at baseline as a mea-
sure of initial body weight. 

Cut-Off Point for Overweight
Overweight and obesity were combined, and a standard deviation in 
z-scores of 1.05 above the mean equivalent to the 85th percentile [1] was
defined.

Change in z-Score
Change in z-score was defined as the change in z-score between baseline
and follow-up.

Δz-score  = z-scorefollow-up – z-scorebaseline

Energy density (kJ/g) =
Energy from CHO + protein + fat (kJ)

Weight of CHO + protein + fat + fiber + ash + beverages (g)
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Confounders and Effect Modifiers
Age, puberty, physical activity, volume and fiber were considered to be
potential confounders in the present study. All regression analyses were
adjusted for dietary volume. In addition, fiber and fat intake and volume
were adjusted for energy intake, and energy intake was adjusted for fiber
intake. Boys and girls were analyzed separately to detect potential contex-
tual and social differences in e.g. dietary patterns and physical activity
habits. Stratification by overweight was done to examine whether associa-
tions were different for the normal-weight versus the overweight children.

Reporting Bias
A reporting bias ratio was calculated in order to measure the accuracy of
energy intake reporting relative to energy expenditure (EI/EE) [21].

Statistical Methods 
The present study used multiple linear regression models for the statistical
analyses to describe associations and a standard F-test to test for interac-
tions. Differences between groups were considered significant for p values
< 0.05. The analyses were carried out using SAS statistical procedures
(ver. 8.0; SAS Institute Inc, Cary, NC, USA). 

Results 

Description of Study Population 

Loss to Follow-Up
Approximately, 25% (n = 150) of the 3rd grade students who
participated in the EYHS did not participate in the follow-up
survey. A drop-out analysis revealed that baseline characteris-
tics of anthropometrics and dietary information did not differ
between the participants and those who did not complete the
follow-up (all p > 0.05; data not shown). 

Diet and Co-Variate Characteristics
Total energy, fiber and volume intakes were higher for boys
than for girls (all p ≤ 0.001). Energy density did not differ be-
tween the sexes. Fat intake (E%) was higher among the girls
(p = 0.05) compared to boys. TEE was greater among girls

Boys Girls
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
normal weight overweight p valuea normal weight overweight p valuea

(n = 138) (n = 43) (n = 152) (n = 65)

Age at baseline, years 9.7 ± 0.4 9.5 ± 0.4 0.02* 9.6 ± 0.4 9.6 ± 0.4 0.66
Height at baseline, cm 138.9 ± 6.4 142.4+5.6 0.0012 137.7 ± 6.5 139.5 ± 5.5 0.06
Height at follow-up, cm 160.0 ± 8.5 162.8 ± 7.3 0.05 159.2 ± 7.2 160.4 ± 5.8 0.24
Weight at baseline, kg 31.5 ± 4.2 41.3 ± 4.9 <0.0001 30.3 ± 4.0 39.7 ± 5.9 <0.0001
Weight at follow-up, kg 47.3 ± 7.5 61.0 ± 8.8 <0.0001 46.9 ± 6.8 58.2 ± 8.8 <0.0001
Change in body weight, kg 15.7 ± 4.9 19.7 ± 6.0 0.0004 16.6 ± 4.1 18.6 ± 6.0 <0.0001
BMI at baseline, kg/m2 16.3 ± 1.2 20.3±1.6 <0.0001 15.9 ± 1.3 20.3 ± 2.0 <0.0001
BMI at follow-up, kg/m2 18.4 ± 1.7 23.0 ± 2.8 <0.0001 18.4 ± 1.8 22.6 ± 2.8 <0.0001
Z-score at baseline 0.0 ± 0.7 1.7 ± 0.5 <0.0001 –0.2 ± 0.8 1.7 ± 0.5 <0.0001
Z-score at follow-up 0.1 ± 0.8 1.7 ± 0.7 <0.0001 0.2 ± 0.8 1.6 ± 0.7 <0.0001

ap value for trend based on mean value in each stratum.
*Anthropometric characteristics for the boys were also significantly different after adjustment for the noted age difference.

Table 1. Anthropo-
metric characteristics
(mean and SD) by
sex and body weight
level.

Boys Girls
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
normal weight overweight p valuea normal weight overweight p valuea

(n = 138) (n = 43) (n = 152) (n = 65)

Energy, MJ 9.6 ± 2.5 10.0 ± 3.0 0.21 9.0 ± 2.1 8.1 ± 2.1 0.01
Fiber, g 20.6 ± 8.0 21.2 ± 7.7 0.40 18.1 ± 7.6 16.4 ± 7.1 0.11
Energy density, kJ/g 4.6 ± 1.0 4.4 ± 0.9 0.37 4.6 ± 1.0 4.3 ± 0.8 0.03
Volume, l 1.7 ± 0.5 1.8 ± 0.6 0.16 1.5 ± 0.4 1.5 ± 0.5 0.60
Carbohydrate, E% 51.5 ± 6.4 51.0 ± 7.3 0.37 50.0 ± 7.0 50.9 ± 6.9 0.23
Protein, E% 12.2 ± 2.5 13.1 ± 2.3 0.08 12.5 ± 2.7 12.2 ± 2.5 0.54
Fat, E% 31.5 ± 6.6 30.6 ± 8.2 0.84 32.7 ± 6.9 32.0 ± 6.8 0.25
Energy expenditure, MJ 8.0 ± 1.9 8.1 ± 1.4 0.80 9.3 ± 1.5 9.8 ± 1.6 0.10
PAL 1.5 ± 0.4 1.4 ± 0.3 0.10 1.6 ± 0.3 1.6 ± 0.2 0.57
Reporting bias ratio* 1.2 ± 0.4 1.3 ± 0.4 0.7 1.0 ± 0.3 0.9 ± 0.3 0.01

ap value for trend based on mean value in each stratum.
*Reporting bias ratio = energy intake / energy expenditure.  

Table 2. Dietary
 information and
physical activity level
(PAL) (mean and
SD) by sex and body
weight level 
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than in boys (p < 0.0001). PAL was higher among girls than in
boys (p = 0.01) (none of these data shown). 

Puberty Stage
Approximately 45% of the girls had entered puberty at base-
line and were categorized into Tanner puberty stages 2–5. 

Anthropometrics, Diet and Physical Activity by Body Weight
Level 
In table 1, anthropometric characteristics are given by sex and
body weight level. In total, 43 boys and 65 girls were over-
weight or obese using the criteria of 85th percentile (1.05 SD)
as a cut-off point. This gave a baseline prevalence of 27.1% of
overweight and obesity in the entire group. A comparison of
BMI at baseline and follow-up showed that both sexes had in-
creased their BMI, irrespective of whether they were normal-
weight or overweight at baseline (both p < 0.05; data not
shown). The prevalence of overweight at follow-up had in-
creased to 29.9%, with 52 overweight boys and 67 overweight
girls.
The changes in BMI z-score were different for the normal-
weight and the overweight children (table 1). The normal-
weight boys and girls had an excess weight gain of 0.1 and 0.4
BMI z-scores, respectively (p = 0.03 and p < 0.0001, respec-
tively; data not shown). Neither the overweight boys nor the
overweight girls had a change in their excess body weight
(both p values > 0.05; data not shown). 

In table 2, diet intakes and PALs are presented for normal-
weight and overweight children. Overweight girls reported a
lower total energy intake (p = 0.01) and energy density (p =
0.03) than the normal-weight girls. Fiber intakes did not differ
among the normal-weight and the overweight boys and girls.
The reporting bias ratio (EI/EE) for boys and girls were al-
most similar, although suggestive of underreporting of energy
intake in overweight girls (p = 0.01). Therefore, we calculated
the prevalence of underreporting (EI/EE < 0.8) in normal-
weight and overweight groups of boys and girls. Almost two
thirds of the overweight girls had a reporting bias ratio below
0.8, whereas approximately half of the normal-weight girls had
a reporting bias ratio below 0.8 (p = 0.02). In boys, no pattern
was observed dependent on body weight level, and in both
groups approximately one third had a reported bias ratio
below < 0.8 (fig. 1).

Dietary Components and Subsequent Weight Change

Energy Density and Volume
Neither dietary energy density nor dietary volume was associ-
ated with subsequent 3-year excess weight gain among boys or
girls (table 3), and the association between energy density and
subsequent weight change was not different after stratification
by body weight level (table 4). 

Dietary Fiber
Overall, fiber intake was not associated with weight changes in
either gender (table 3). However, an inverse association be-
tween a high intake of dietary fiber and change in z-score was
seen in the normal-weight boys, whereas a direct association
was seen in the overweight boys. The analyses revealed a sig-
nificant interaction between fiber intake and subsequent ex-
cess weight change for the normal-weight and overweight
boys, both before and after adjustment for co-variates. An in-
crement of 10 g/day of dietary fiber intake was associated with
a decrease of 0.15 in z-score in the normal-weight boys. This is
equivalent to an approximate weight loss of 0.9 kg. No signifi-
cant interactions were observed for girls.

Energy Intake and Fat Intake
In girls, energy intake was associated with excess weight gain
before adjustment for co-variates (table 3). However, this as-
sociation became weaker after adjustment for co-variates.
There was a borderline significant interaction between energy
intake and Δz-score for the normal-weight versus the over-
weight boys, which became significant after adjustment for co-
variates. The interaction showed that a high energy intake was
associated with a higher weight gain among the overweight
boys compared to the normal-weight boys. No significant in-
teractions were observed for girls. 
Fat intake (E%) was not associated with subsequent 3-year
excess weight gain among boys or girls (table 3), and the asso-

Table 3. Regression analyses of dietary factors as function of change in
BMI z-score (β (95% CI)) by sexa

Characteristic Boys (n = 181)   p Girls (n = 217) p 
β (95% CI)    value β (95% CI) value

Energy*, MJ/day
Crude –0.01 (–0.04; 0.02) 0.43 0.04 (–0.0001; 0.07) 0.05

Adjusted 0.01 (–0.04; 0.05) 0.28 0.03 (–0.02; 0.08) 0.20

Energy density, kJ/g
Crude –0.04 (–0.12; 0.05) 0.41 0.09 (0.01; 0.17) 0.04
Adjusted –0.05 (–0.16; 0.06) 0.38 0.07 (–0.04; 0.18) 0.24

Fiber†; g/day
Crude 0.53 (–9.9; 10.9) 0.92 1.61 (–8.9; 12.2) 0.76
Adjusted –7.11 (–21.2; 6.9) 0.32 2.14 (–10.4; 14.7) 0.74

Volume†, l/day
Crude 0.02 (–0.13; 0.17) 0.84 –0.02 (–0.21; 0.16) 0.81
Adjusted 0.12 (–0.19; 0.43) 0.45 –0.23 (–0.54; 0.09) 0.15

Fat†, E%
Crude –0.34 (–1.53; 0.85) 0.57 0.59 (–0.54; 1.73) 0.30
Adjusted –0.63 (–2.07; 0.82) 0.39 0.07 (–1.08; 1.25) 0.72

aIn all the adjusted models adjustment was done for z-score, age, physical
activity level, dietary volume and puberty at baseline.
*Adjusted for fiber intake. 
†Adjusted for energy intake. Significance level for interaction terms
 indicated by p values.
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ciation was not different after stratification by body weight
level (table 4). 

Anthropometric Characteristics
No differences in the anthropometric measures (age, height,
weight, z-score, BMI, and change in body weight) were ob-
served between boys and girls at baseline or follow-up (data
not shown). Overall, the total change in BMI z-score was +0.1
and +0.2 for boys and girls, respectively, indicating that both
sexes had a slight excess weight gain during the 3 years of fol-
low-up. 

For an easy interpretation, an estimate is given of the ob-
served increase in z-score into an equivalent increase in body
weight (kg). The differences between the expected weight gain
(16 and 15 kg for boys and girls, respectively, according to
Danish weight-for-height and height-for-age growth charts)
and the observed weight gain in kg gives an approximate esti-
mation of 3-years excess weight gain of 0.7 and 2.2 kg for boys
and girls, respectively. 

Fig. 1. Prevalence of reporting bias ratio as a
measure for the accuracy of energy intake
 reporting relative to energy expenditure. 
Cut-off value for underreporting was set to 
< 0.8. p value for χ2 = 0.02 in girls. p value for 
χ2 = 0.52 in boys.

Table 4. Regression analyses of dietary factors as function of change in BMI z-score (β (95% CI)) by sex and body weight levela

Boys Girls
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
normal weight overweight p value normal weight overweight p value
(n = 138) (n = 43) (n = 152) (n = 65)

Energy*, MJ/day 
Crude –0.02 (–0.06; 0.02) 0.01 (–0.04; 0.07) 0.06  0.01 (–0.03; 0.06) 0.03 (–0.03; 0.09) 0.43 
Adjusted –0.02 (–0.31; 0.26) 0.07 (–0.76; 0.90) 0.04  0.02 (–0.04; 0.08) 0.09 (–0.03; 0.21) 0.66 

Energy density, kJ/g 
Crude –0.04 (–0.28; 44.5) –0.02 (–0.25; 0.15) 0.60  0.02 (–0.06; 0.02) 0.21 (–0.3; 0.31) 0.93 
Adjusted 0.06 (–0.19; 0.07) –0.04 (–0.29; 0.20) 0.88  0.04 (–0.09; 0.16) 0.23 (–0.07; 0.53) 0.51 

Fiber†; g/day 
Crude –2.39 (–14.5; 9.70) 11.9 (–8.47; 32.3) 0.04  –3.72 (–15.5; 8.05) 4.66 (–14.0; 23.3) 0.95 
Adjusted –10.5 (–26.5; 5.5) 14.3 (–25.2; 53.8) 0.02  –0.73 (–15.3; 13.9) 13.4 (–15.1; 41.9) 0.97 

Volume†, l/day
Crude 0.02 (–0.17; 0.20) 0.04 (–0.21; 0.30) 0.17  0.01 (–0.21; 0.23) –0.10 (–0.38; 0.19) 0.68 
Adjusted 0.13 (–0.23; 0.49) 0.18 (–0.58; 0.94) 0.14  –0.11 (–0.49; 0.27) –0.61 (–1.29; 0.08) 0.42 

Fat†, E% 
Crude –0.62 (–2.09; 0.86) 0.10 (–1.86; 2.06) 0.16  0.74 (–0.54; 2.01) –0.20 (–2.13; 1.73) 0.64 
Adjusted –0.07 (–1.83; 1.67) –2.50 (–5.40; 0.40) 0.61  0.45 (–0.93; 1.84) –1.66 (–4.58; 1.25) 0.57 

aIn all adjusted models adjustment was done for z-score, age, physical activity level, dietary volume and puberty at baseline. 
*Adjusted for fiber intake.
†Adjusted for energy intake. Significance level for interaction terms indicated by p values.
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Discussion 

The present study showed that energy density was not associ-
ated with subsequent weight change in either boys or girls, and
fiber and energy intake was related to weight gain in different
ways for subgroups of normal-weight and overweight boys.
These findings are surprising given the recommendations from
the WHO to reduce energy density as a measure to prevent
weight gain. On the other hand, this recommendation is not
supported by findings from other studies. In fact, it should be
noted that evidence for this WHO recommendation is based
mainly from treatment intervention studies, e.g. induction of
weight loss among obese. Our results with respect to energy
density are in agreement [7] and disagreement [6] with results
from two studies examining the effects of energy density in
children. Our findings are in contrast to the general recom-
mendations made by the WHO to reduce energy density for
the prevention and treatment of overweight. Albeit, we do ac-
knowledge that the effects of energy density on obesity may
depend on the calculation of energy density [7, 16].
Other studies have shown that children may prefer high-dense
food items corresponding to their increased energy and nutri-
ent requirements during growth [22, 23]. In the present study, a
high energy-dense diet was associated with a high energy in-
take (data not shown), yet energy intake was not generally as-
sociated with subsequent weight change. This finding suggests
that, independent of total energy intake, children may not gain
excess body weight regardless of the energy density of their
diet. This suggestion is also supported by some cross-sectional
studies examining the association between energy density and
body weight regulation in children and adolescents [24, 25]. 
In the present study, dietary fiber was associated with subse-
quent weight change among the boys. This finding is consistent
with results from both intervention and prospective longitudi-
nal studies among adult populations [26–28] and with the
WHO recommendations. However, currently, fiber intake rec-
ommendations are based solely on extrapolation of data from
adults [29], but studies examining the long-term effects of di-
etary fiber on prevention and treatment of overweight among
children are absent. Albeit, it has been suggested that the ef-
fect of fiber intake on weight management in childhood and
adolescence may be larger than expected [29]. 
In the present study, fiber and energy intakes were related to
weight development among overweight boys, but not girls. The
lack of significant associations among the girls may be ex-
plained by a greater underreporting of total energy intake
among the overweight girls compared to normal-weight girls
(table 2, fig. 1). In boys, reporting bias was not differential be-
tween normal-weight and overweight boys. Underreporting is
common among adults [30, 31], adolescents and children [32]
and more likely to occur among overweight and obese individ-
uals [30] and among women compared to men [30, 33]. These
tendencies are apparent already during childhood in girls, and
dieting is a common phenomenon even among young girls

[34]. Furthermore, a comparison of energy intake values with
energy expenditure values adds evidence that overweight girls
underreported their energy intake in the present study (fig. 1).
Neither energy expenditure nor PAL differed between nor-
mal-weight and overweight girls. 
Despite the lower energy intake and energy density among
overweight girls, the absolute intake of dietary fiber and fat
(E%) did not differ significantly (table 2). This suggests that
overweight girls, despite a general tendency to underreport,
may have either overreported healthy food items such as fruits
and vegetables or underreported energy-dense foods. These
findings are supported by other results, suggesting specific un-
derreporting of energy-dense foods by obese adults [30].
Overreporting of energy-dilute fiber-rich food items would
contribute minimally to the total energy intake but consider-
ably to the fiber intake. Indeed, the underreporting of total
energy intake and fat intake and overreporting of dietary fiber
may have contributed to the conservative findings among the
girls. The findings may also be ascribed to gender differences
in children’s food preferences where girls have stronger taste
preferences for fruit and vegetables [35, 36].
The present results need cautious interpretation due to a num-
ber of limitations, including a relatively small sample size.
Only a single 24-hour dietary recall interview was collected
for each individual and may be considered as insufficient to
characterize the usual energy intake, and, hence, may explain
the lack of findings in the present study. Pediatricians general-
ly agree that the 85th and 95th percentiles can be read as age-
and sex-specific BMI values approximately equivalent to BMI
≥ 25 kg/m2 and BMI ≥ 30 kg/m2 at age 18 years [1]. However, it
is still unknown at what level of pediatric obesity the detri-
mental effects occur, but they may occur at lower values than
previously assumed [1, 37, 38]. The prevalence of overweight
was also calculated as a BMI-for-age cut-off of overweight
(≥25 kg/m2) [39] and gave a prevalence of 14.6%. It is un-
known whether the true prevalence of overweight in the pre-
sent study is 14.6% or 27.1% as estimated from 85th per-
centile (1.05 SD), and the suitability of the different measures
is not known. However, the International Obesity Task Force
is aware that a lower prevalence of overweight can be estimat-
ed when using cut-off values other than BMI z-scores [1].
Some studies have validated BMI z-scores and BMI-for-age
values with dual energy X-ray absorptiometry scans and ob-
served that BMI z-score was the most precise indicator for ex-
cess body weight in children and adolescents through indirect
measures [1, 40, 41].
Misclassification that would arise due to the arbitrary cut-off
point when participants were categorized into normal-weight
and overweight cannot be ruled out (tables 1, 2, 4). However,
it is likely that this misclassification is directed towards the
null-hypothesis and, hence, may be considered of minor im-
portance for the present results. However, we may have over-
looked true associations due to these attenuated effects. Even
though adjustment was made for puberty and age, we cannot

336 Obesity Facts 2008;1:331–338 Kring/Heitmann

331_338_06002_iqbal_kring:331_338_06002_iqbal_kring  17.12.2008  13:55 Uhr  Seite 336



Obesity Facts 2008;1:331–338Dietary Fiber, Energy Density and BMI 
z-Score in Children

337

exclude that the observed difference in weight gain among the
sexes may be attributable to residual confounding of puberty
and age. 
The present study shows that in 1997/1998, the prevalence of
overweight and obesity, measured as 1.05 SD (85th percentile)
of BMI z-score, was 27.1% among the EYHS study population
of 8-to 10-year-old boys and girls. At the follow-up in
2000/2001, the prevalence had increased to 29.9%. The excess
weight gain was approximately equivalent to 0.7 and 2.2 body
weight gain (kg) for boys and girls, respectively.
In conclusion, our results showed that dietary energy density
does not seem to be associated with weight gain among chil-
dren going through puberty. Dietary fiber and energy intakes
were related to weight gain among subgroups of normal-
weight and overweight boys. However, the present results
should be interpreted with caution, and more longitudinal
studies are needed among children and adolescents in similar
and different age groups. It seems important to examine the
role of energy density and dietary fiber for obesity develop-
ment separately for normal-weight and overweight children
because this study suggests that the two groups may respond
differently to similar diet intakes. Stratification by overweight

status may also be useful because of a potential reporting bias.
Further, the most precise measure for assessing excess body
weight changes in childhood and adolescence still needs to be
identified.
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