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In the present study the relationship between the consumption of different beverage groups and body-weight status in 5 years of study participation
in German adolescents was investigated. We used anthropometric and dietary data from 3 d weighed records of 244 subjects between 9 and 18
years of age participating in the Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) study. Only subjects with at
least four out of six possible weighed dietary records were considered. A repeated-measures regression model (PROC MIXED) was used to ana-
lyse the effect of beverage consumption on body-weight status. BMI standard deviation scores (BMI-SDS) and body fat percentage (%BF) were
chosen as the dependent variables. In boys, energetic beverage consumption was not associated with BMI-SDS or %BF, neither cross-sectionally
nor prospectively. In girls, baseline consumption of energetic beverages did not predict baseline BMI-SDS, baseline %BF, or change in either
variable over the study period. However, an increase in energetic beverage consumption over the study period was associated with an increase
in BMI-SDS (40.070 SDS/MJ increase in energetic beverage consumption; P=0-01). Separate consideration of regular soft drinks and fruit
juices revealed that, in girls, BMI-SDS increased with increased fruit juice consumption (40-096 SDS/MJ increase in fruit juice consumption;
P=0-01), and to a lesser extent with regular soft drink consumption (4-0-055 SDS/MJ increase in regular soft drink consumption; P=0-08).
In conclusion, these results suggest that an increase in energetic beverage consumption may result in weight gain, at least in adolescent girls.

Energetic beverages: Soft drinks: Drinking patterns: Body-weight status: Adolescents

Obesity in childhood and adolescence has become an increas-
ingly serious issue worldwide'"?. In Germany 15 % of chil-
dren and adolescents between the ages of 3 and 17 years are
overweight, and more than 6% are classified as obese®.,
Since the treatment of obesity has turned out to be difficult
and inefficient for achieving sustainable long-term results,
the prevention of overweight and obesity in childhood is of
major public health interest®.

Data from the USA show that the proportion of energy
obtained from sugar-sweetened soft drinks and fruit drinks
increased 3-fold between 1977 and 1996°, and sugar-swee-
tened drinks constitute the primary source of added sugars
in the American diet®”. Malik er al.® concluded in their
recent review that greater consumption of sugar-sweetened
drinks is associated with weight gain and obesity. There are
suggestions of an incomplete compensation for energy con-
sumed in liquid form®~'". With this in mind, fruit juices as
a source of sugar are also under discussion'?.

Dietary habits and food product composition are country-
specific. In Germany, beverage consumption patterns in
adolescents might be different from the USA, where most
studies on the effects of soft drinks on body weight were con-
ducted. Additionally, German soft drinks and those from other

European countries are commonly sweetened with sucrose and
not with high-fructose maize syrup as is the case in the
USA"?. Since high-fructose maize syrup in soft drinks is sup-
posed to be one factor that may act adipogenicly, the results of
US studies might not be transferable to other countries.
Therefore, in a first step, we examined the 5-year consump-
tion patterns of soft drinks (regular and diet) and fruit juices,
and the changes in consumption during the observation period
in a group of German adolescents from the Dortmund Nutri-
tional and Longitudinally Designed (DONALD) study. In a
second step, we focused on the association between the con-
sumption of these beverages and body-weight status.

Study design and methods
Study design

The DONALD study is an ongoing longitudinal (open cohort)
study established in 1985 at the Research Institute of Child
Nutrition in Dortmund. The DONALD study collects infor-
mation on the nutrition, development, metabolism and health
status of subjects between infancy and early adulthood. The
regular assessments begin at 3 months of age, take place
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annually from the age of 2 years onwards, and include 3d
weighed dietary records, anthropometry, urine sampling, as
well as interviews on lifestyle and medical assessments.
About forty to fifty subjects are enrolled in the DONALD
study each year. Further details of the DONALD study are
provided elsewhere!'¥.

The DONALD study is exclusively observational, non-inva-
sive and approved by the ethical committee of the Rheinische
Friedrich-Wilhelms-Universitidt Bonn (Germany). All examin-
ations and assessments are performed with parental, and later
on with the children’s written consent.

Study sample

A previous analysis of DONALD data suggested the highest
average soft drink consumption in children after the age of
9 years"'”. To date, 1170 subjects have been enrolled in the
DONALD study since 1985. The ages of the children who
were initially recruited into the DONALD study were quite
variable. In addition, many children have not yet reached 14
years of age. Of the 1170 subjects 309 were 14—18 years of
age at the time of their last assessment. Of those, 277 had
completed at least four out of six possible dietary records
during the 5-year period, i.e. our sample covers the age
range of 9-18 years. From these, thirty-three potential
under-reporters were excluded, i.e. we only considered dietary
records with a ratio of reported total energy intake and pre-
dicted individual BMR"® above the age- and sex-specific
cut-off values of 1-04 for boys and 1-01 for girls (6—13-
year-old subjects) and of 1-07 for boys and 0-97 for girls
(14—18-year-old subjects)!”.

Our selection resulted in 1316 dietary records from 244 sub-
jects (5-8 records per subject); 125 boys and 119 girls.

Dietary survey

All foods and beverages before consumption as well as
leftovers were weighed and recorded by the parents of the
children, or by the older subjects themselves, on three con-
secutive days (3d weighed dietary records). The participants
chose the first day of dietary recording within a given
period of time. Regarding all recording days in the study
sample, weekdays (75-6 %) and weekend days (24-4 %) were
proportionally distributed. Semi-quantitative recording (for
example, numbers of glasses, cups) was allowed, if weighing
was not possible.

Energy and nutrient intakes were calculated using our in-
house nutrient database LEBTAB, which contains detailed
data on the energy and nutrients content of all recorded food
items and is continuously updated"®. The nutrient content
of basic food items was taken from standard nutrient tables;
the content of commercial food items was derived either
from the product labels or from simulating recipes from the
ingredients listed on the labels.

For this analysis, beverage groups were defined as:

(1) Regular soft drinks: carbonated and uncarbonated sugar-
sweetened drinks such as lemonades, iced tea and fruit
drinks (diluted and sugar-sweetened fruit juices), sports
drinks and energy drinks;

(2) Diet (low-energy) soft drinks;

(3) Fruit juices (100 % juice);
(4) Energetic beverages: a combined variable made up of
both regular soft drinks and fruit juices.

Anthropometric measurement

Anthropometric measurements were made at the time of the
dietary records. Body weight was measured to the nearest
0-1kg using an electronic scale (Seca 753 E). Height was
measured in a standing position to the nearest 0-1cm using
a digital telescopic stadiometer (Harpenden). BMI was calcu-
lated as body weight (kg) divided by height (m) squared.
Sex- and age-independent BMI standard deviation scores
(BMI-SDS) were calculated using the German national refer-
ence data"'”. Overweight was defined as BMI values between
the 90th and the 97th percentile, obesity as BMI values above
the 97th percentile of German national reference data.

Triceps and subscapular skinfolds were measured on the
right side of the body using a skinfold calliper (Holtain Ltd,
Crosswell, Dyfed, UK). The sum of both skinfolds was used
for the estimation of body fat percentage (%BF) according
to the equations of Slaughter®”. BMI-SDS and %BF were
used as parameters of body-weight status.

Information on weight at birth was abstracted from the
‘Mutterpass’, a standardised document given to all pregnant
women in Germany, where anthropometric data at birth are
obligatorily recorded. Parents were weighed and measured
by the study nurses after their child’s admission to the
DONALD study; based on this information maternal BMI
was calculated.

Statistical analysis

SAS® procedures (version 8.02, 2001; SAS Institute, Cary,
NC, USA) were used for data analysis.

Intakes of energy and beverage groups were calculated as
individual means of the 3d weighed records. For comparison
with the consumption of adolescents in the USA, long-term
consumption, given as g/d, was calculated as the individual
mean of the intakes recorded in the 5-year study period. The
Wilcoxon rank sum test was used for testing differences
between sexes. Differences in frequencies of overweight and
obesity were analysed using the Fisher’s exact test. Differ-
ences between baseline (first individual assessment) and last
individual assessment values were tested by the Wilcoxon
signed-rank test.

For analysing the association between beverage consump-
tion and body-weight status the energy derived from a particu-
lar beverage group (MJ) was chosen as an indicator of
beverage consumption. In contrast to the amounts in grams
the latter variable further considers the differences in energy
density within a particular beverage group. Due to the small
number of subjects who consumed diet soft drinks in the
study period (thirty-three boys and forty-five girls), diet soft
drinks were excluded from the analysis of the association
between beverage consumption and body-weight status.
In the repeated-measures regression models regular soft drinks
and juices were included at the same time as independent vari-
ables to consider possible mutual confounding. A repeated-
measures regression model (PROC MIXED) was used for testing
the association between baseline beverage consumption (MJ)
and baseline values of body-weight status, baseline beverage
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consumption and change in body-weight status over a 5-year
period, and change in beverage consumption and concurrent
change in body-weight status. Separate analyses included either
BMI-SDS or %BF as the dependent variables. Due to a significant
interaction with sex, we analysed boys and girls separately. An
exponential variance structure was assumed. This supposes a
stronger correlation of assessments of one subjectin 2 consecutive
years than for a longer time interval.

For BMI-SDS, the basic model included time in years (0 for
the first assessment), age, baseline consumption of each bever-
age group (MJ), the interaction between baseline consumption
with time, and the change in consumption in the 5-year study
period (MJ). The change in beverage consumption (MJ) was
calculated by subtracting baseline consumption from the con-
sumption at each year of assessment (MJ). In this way, the
regression coefficient of baseline beverage consumption rep-
resents the slope of the dependent variable (i.e. BMI-SDS or
%BF) at the first assessment on consumption at the first
assessment. The regression coefficient of the interaction
between baseline beverage consumption with time represents
the slope of the change in the dependent variable (i.e. BMI-
SDS or %BF) on beverage consumption at the first assess-
ment. The regression coefficient of the change in beverage
consumption represents the slope of the change in the depen-
dent variable (i.e. BMI-SDS or %BF) on the concurrent
change in beverage consumption (last assessment minus first
assessment).

Due to the linear development of %BF with age in girls the
same basic model was used for %BF in girls. For %BF in
boys, we used a basic model including age, age X age, age X
age X age, time, baseline consumption of each beverage
group (MJ), its interaction with time, and the annual
change in consumption (MJ). All basic models were con-
trolled for various confounders. The following variables and
their interaction with time were considered: time in years
after maximal growth velocity (equals years of adolescence)
as an indicator for pubertal status, weight at birth, year of
birth, maternal BMI, and maternal educational level. Nine
subjects were excluded due to missing values of maternal
BMI, maternal educational status or weight at birth. Only
those variables that significantly modified the effect of

Table 1. Study sample characteristics
(Mean values and standard deviations)

beverage consumption on BMI-SDS or %BF in the basic
models, or significantly predicted the outcome variable or
improved the fit statistic (Akaike’s information criterion;
AIC), were included in the subsequent multivariate analyses.
The basic models were also controlled for the energy deriving
from other sources (residual energy) at the first assessment
(total energy intake minus energy from each of the beverage
groups), its interaction with time, and the annual change in
residual energy. Since sufficient information on physical
activity was not available for most of the study sample, it
could not been considered as a possible confounder.

One supposed pathway linking consumption of energetic
beverages with weight gain is an incomplete compensation
for energy consumed in liquid form, and the resulting higher
total energy intake. If energy from liquids were not compen-
sated for, there would be zero correlation between beverage
consumption and residual energy intake. If there were any
compensation, the correlation coefficient should be negative.
We therefore tested the cross-sectional correlation between
the energy consumed from energetic beverages and the
residual energy intake at each point in time, i.e. from time O
to 5 (stratified by sex). Subsequently, the mean correlation
coefficient was computed for boys and girls respectively.
Additionally, the association between change in beverage
energy and change in residual energy over the study period
was tested using repeated-measures regression analysis with
residual energy as the dependent variable. In all statistical
tests, a P value < 0-05 was considered as significant.

Results
Anthropometric measurements

Anthropometric characteristics of the subjects are presented in
Table 1. No significant differences were observed for BMI or
BMI-SDS between boys and girls. However, within both boys
and girls, BMI showed a significant increase from baseline to
last individual assessment. BMI-SDS increased significantly
only in girls, implying that girls in our sample were increasing
BMI at a rate slightly in excess of the German national
standard. At baseline, five boys and ten girls were overweight,

Boys (n 125)

Girls (n 119)

Baseline Last assessment Baseline Last assessment

Mean SD Mean ) Mean SD Mean sD
Age (years) 119 16 16-8 1.5 11-8 1.5 16-8 1.5
Height (cm) 154.9 124 179.5* 84 154.7 11.7 169-0*t 6-2
Weight (kg) 44.3 11.0 69-1* 11.7 44.8 11.4 61-8*t 107
BMI (kg/m?) 18-15 2-30 21.33* 273 18-43 2-80 21.58* 3-13
BMI-SDS —0-050 0-846 0-033 0-943 —0-048 0-993 0-117* 1.057
Overweight (%) 4 6-4 8-4 5.0
Obese (%) 0 0-8 1.7 5-9
Body fat (%) 17-8 6-2 16-4* 7-8 20-6t 71 26-3*t 7-3
TEI (kJ) 8871-6 1887-7 11 135.0* 2129-8 7635-71 1560-7 8139-9*t 1605-6

SDS, standard deviation scores; TEI, total energy intake.

*Mean value is significantly different from that at baseline (P<0-05; Wilcoxon signed-rank test).
1 Mean value is significantly different from that of the boys (P<0-001; Wilcoxon rank-sum test).
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and two girls were obese. At the last assessment, eight boys
and six girls were overweight, and one boy and seven girls
were obese.

Beverage consumption

Characteristics of beverage consumption including non-users
of a specific beverage group are shown in Table 2. In 5-year
averages, regular soft drinks represented about one-quarter
of the total daily beverage consumption (g) (total beverage
consumption amounts to 1560g/d in boys and 1192g/d in
girls and includes coffee, tea and water), namely 23-8 % in
boys and 20-6 % in girls, while fruit juices accounted for
about 14-9% in boys and 164 % in girls. Diet soft drinks
were consumed less frequently and only in small amounts.

At baseline the consumption of various beverage groups did
not differ significantly between boys and girls, but consump-
tion at the last individual assessment and long-term consump-
tion of regular soft drinks and all energetic beverages was
higher in boys (Table 2). However, percentage energy from
these beverage groups, as well as the consumption of fruit
juice, did not differ by sex. In contrast, the development of
beverage consumption patterns differed between boys and
girls. While boys increased their consumption of both bever-
age types within the observational time period of 5 years,
girls increased their consumption of fruit juices only.

Repeated-measures regression analysis

Results of the repeated-measures regression analysis with
either BMI-SDS or %BF as dependent variables and consump-
tion of either all energetic beverages (sum of regular soft
drinks and fruit juices), or soft drinks and fruit juices as sep-
arate independent variables are shown in Tables 3—6. In boys,
for all energetic beverages, in the fully adjusted model (Table
3; model 2) there was no association between baseline con-
sumption and baseline BMI-SDS or %BF. Furthermore, base-
line consumption of energetic beverages did not significantly
predict the change in BMI-SDS or %BF (interaction of base-
line consumption and time) in the study period. In addition,
change in consumption of energetic beverages in the study
period was not significantly correlated with the concurrent
change in BMI-SDS or %BF. In the models, where regular
soft drinks and fruit juices were considered as separate vari-
ables (Table 4; model 2), a higher baseline consumption of
fruit juices was only associated with a higher baseline BMI-
SDS. Neither baseline consumption nor the concurrent
change in consumption of fruit juices or regular soft drinks
significantly predicted the change in BMI-SDS or %BF in
the study period.

In girls, the fully adjusted models (Table 5; model 2) showed
that baseline consumption of energetic beverages did not pre-
dict baseline BMI-SDS, baseline %BF, or the change in
BMI-SDS or %BF in the study period. However, change in
energetic beverage consumption significantly predicted the
concurrent change in BMI-SDS. For each additional MJ of
energetic beverages consumed in the study period, BMI-SDS
of girls increased by 0-07 units in the study period (P=0-01).
There was no association between change in consumption of
energetic beverages and change in %BF. Separate consider-
ation of regular soft drinks and fruit juices (Table 6; model 2)

revealed that a change in fruit juice consumption was associ-
ated with a change in BMI-SDS (40-096 SDS/MJ increase in
fruit juice consumption; P=0-01). Additionally, there was a
positive tendency between change in consumption of regular
soft drinks and concurrent change in BMI-SDS (4 0-055
SDS/MI increase in regular soft drink consumption; P=0-08).
No association was observed between change in %BF and the
change in consumption of one of both beverages in the same
time period. Baseline consumption of regular soft drinks or
fruit juices did not predict baseline BMI-SDS, but there was
an inverse correlation between baseline consumption of regular
soft drinks and baseline %BF (P=0-05). Baseline consumption
of both beverages did not predict the change in BMI-SDS or
%BF in the study period in girls. In terms of a potential com-
pensation for liquid energy, there was in total no significant
relationship between consumption of energetic beverages and
residual energy intake in both sexes. The mean of six cross-sec-
tional correlation coefficients was +0-06 for boys and —0-11
for girls, showing that consumption of energetic beverages
was not adequately compensated for by restriction of other
energetic foods. These findings were confirmed in the
repeated-measures analysis, since baseline energy from bev-
erages was not associated with baseline residual energy (boys
P=0-4; girls P=1-0) or with the change in residual energy
over the study period (boys P=0-6; girls P=0-2). Residual
energy intake decreased significantly over the study period,
when energy from beverages increased (boys 3 = —0-28 MJ/
MJ change in beverage energy, P=0-007; girls f = -0-27
MIJ/MIJ change in beverage energy, P=0-016). However, the
small observed decrease in residual energy intake could not
fully compensate the increase in beverage energy.

Discussion

The main findings of the present evaluation of beverage con-
sumption patterns and body-weight status in a sample of
German adolescents are the high long-term consumption of
energetic beverages (regular soft drinks plus fruit juices) and
the positive association between change in energetic beverage
consumption over a 5-year study period and concurrent
change in BMI-SDS in girls resulting from fruit juices and
to a lesser extent from regular soft drinks. In boys, there
was only a positive cross-sectional association between fruit
juice consumption at baseline and baseline BMI-SDS.

The boys in our sample consumed more regular soft drinks
than the girls. US studies have shown similar sex differ-
ences?". However, consumption of regular carbonated soft
drinks was substantially higher by 350g/d in boys and
200g/d in girls in the US samples than in the DONALD
sample in this analysis. On the other hand, the consumption
of fruit juices in the US adolescents was much lower than in
the present study (by 100—130 g/d). Therefore, the consump-
tion of energetic beverages as a whole in our sample was
only 230 g/d lower in boys and 120 g/d lower in girls in com-
parison with US adolescents.

In the present study, the consumption of regular soft drinks
was not significantly associated with body-weight status apart
from a borderline cross-sectional significance between base-
line consumption of regular soft drinks and baseline %BF
in girls. Many other studies, predominantly from the USA,
have examined the association between soft drink consumption
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Table 2. Characteristics of beverage group consumption in boys and girls from the Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) study (results include users and non-
users of particular beverage groups)

(Mean values and standard deviations)

Boys (n 125) Girls (n 119)
Baseline Last assessment Long-termt Baseline Last assessment Long-termt
Mean sD Mean SD Mean SD Mean SD Mean SD Mean SD
Energetic beverages§
Consumption (g/d)
Mean 455 326 732* 566 603 351 423 311 487*tt 386 4411t 253
P50 396 629 521 370 447 420
P25, P75 229, 643 308, 1041 357, 788 173, 594 194, 670 236, 579
En% 88 5.9 10-4* 75 9-8 4.9 9-3 65 9-8 74 93 52
Records (%)l 96-0 96-0 96-8 96-3 96-6 95.0
Regular soft drinks
Consumption (g/d)
Mean 277 296 455* 498 371 315 243 273 2401t 290 2451t 220
P50 200 300 281 167 133 204
P25, P75 38, 403 62, 712 130, 527 0, 371 0, 400 72, 340
En% 5-1 5-1 6-5 7-0 5.8 4.6 52 5.6 4-8 5.8 51 4.7
Records (%)l| 76-8 77-6 80-0 731 72.3 721
Fruit juicestt
Consumption (g/d)
Mean 178 224 277" 348 232 206 180 236 247* 270 196 162
P50 97 175 172 110 176 153
P25, P75 0, 289 2,431 89, 332 0, 259 46, 390 79, 265
En% 37 4.7 39 4.6 4.0 36 41 4.8 5.0 52 4.2 34
Records (%)l 75-2 76-8 76-8 74.0 84.9 75-9
Diet soft drinks§§
Consumption (g/d)
Mean 25 116 32 183 29 125 15 84 41*t 135 271 63
P50 0 0 0 0 0 0
P25, P75 0,0 0,0 0,3 0,0 0,0 0, 25
En% <0-1 <0-1 <0-1 <0-1 <0-1*tt <0-1tt
Records (%)]| 8.0 4.8 69 5.0 16-8 13-8

P, percentile; En%, percentage of total energy intake.
* Significant differences between baseline and last assessment (P<0-05; Wilcoxon signed-rank test for g/d and En%).
Significant sex-specific differences: T+ P<0-05, 11 P<0-001 (Wilcoxon rank-sum test).
} Individual mean of the amounts from all weighed dietary records per subject in 5 years of study participation.

§ Sum of both regular soft drinks and fruit juices.

|| Percentage of records with consumption of the respective beverage group.
9 Carbonated and uncarbonated sweetened drinks.

11 100 % fruit juice.

§§ Low-energy soft drinks.
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Table 3. Results of the mixed linear model of the association between consumption of energetic beverages (EB) and body-weight status of boys
(n 119) in the Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) study*

Baseline MJ from

Baseline MJ from EB EB X time Change in MJ from EB
B P B P B P AIC
BMI-SDS
Model 11 0-306 0-034 0-029 0-212 0-002 0-905 669-1
Model 2% 0-204 0-159 0-034 0-157 0-005 0-798 7247
Body fat (%)
Model 1§ 1.086 0-358 —0-051 0-840 —0-008 0-975 3720-0
Model 2| 0-926 0-463 —0-063 0-817 -0-013 0-958 37657

AIC, Akaike’s information criterion; BMI-SDS, BMI standard deviation score.

* EB: sum of regular soft drinks and fruit juices.

1 Adjusted for time and age.

}Adjusted for time, age, residual energy at baseline, change in residual energy, weight at birth, weight at birth X time, years of adolescence, years of adolescence X time,
maternal BMI, and maternal BMI X time.

§ Adjusted for time, age, age X age, and age X age X age.

|| Adjusted for time, age, age x age, age x age X age, residual energy at baseline, residual energy at baseline x time, change in residual energy, weight at birth x time, year of
birth, year of birth X time, years of adolescence, years of adolescence X time, maternal BMI, maternal BMI X time, and maternal education level X time.

Table 4. Results of the mixed linear model of the association between consumption of regular soft drinks (RSD) and fruit juices (FJ) and body-weight
status of boys (n 119) in the Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) study*t

Baseline
Baseline MJ MJ from Change in MJ Baseline MJ Baseline MJ Change in MJ
from RSD RSD x time from RSD from FJ from FJ x time from FJ
B P B P B P B P B P B P AIC

BMI-SDS
Model 1% 0-203 0-237 0-027 0-325 0-007 0-764 0-453 0-022 0-032 0-318 —0-006 0-850 678-1
Model 2§ 0-046 0-793 0-037 0-211 0-009 0-707 0-407 0-039 0-033 0-310 —-0-002 0-964 743-0
Body fat (%)
Model 1]| 0-226 0-872 —0-048 0-872 0-057 0-839 2-302 0-156 —0-048 0-891 —-0-124 0-749 37151
Model 29 -0-238 0-878 —-0-033 0-920 0-046 0-870 2112 0-219 —0-058 0-874 —-0-121 0-756 3756-1

AIC, Akaike’s information criterion; BMI-SDS, BMI standard deviation score.

*RSD: carbonated and uncarbonated sugar-sweetened drinks such as lemonades, iced tea and fruit drinks (diluted and sugar-sweetened fruit juices), sports drinks and energy
drinks.

1 FJ: 100 % fruit juice.

1 Adjusted for time and age.

§ Adjusted for time, age, residual energy at baseline, change in residual energy, weight at birth, weight at birth X time, years of adolescence, years of adolescence X time,
maternal education level, maternal education level X time, maternal BMI, and maternal BMI X time.

|| Adjusted for time, age, age X age, and age X age X age.

9 Adjusted for time, age, age X age, age X age X age, residual energy at baseline, residual energy x time, weight at birth, weight at birth X time, years of adolescence, years of
adolescence X time, year at birth, year at birth X time, maternal education level, maternal education level x time, maternal BMI, and maternal BMI X time.

Table 5. Results of the mixed linear model of the association between consumption of energetic beverages (EB) and body-weight status
of girls (n 116) in the Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) study*

Baseline MJ from Change in MJ
Baseline MJ from EB EB X time from EB
B P B P B P AIC

BMI-SDS

Model 11 -0-127 0-495 —0-021 0-397 0-065 0-015 666-9

Model 2% -0-119 0-473 -0-018 0-463 0-070 0-010 703-8
Body fat (%)

Model 11 —-2-198 0-091 —0-147 0-562 0-507 0-081 34877

Model 2§ —2:148 0-075 -0-118 0-636 0-538 0-064 3470-2

AIC, Akaike’s information criterion; BMI-SDS, BMI standard deviation score.

*EB: sum of regular soft drinks and fruit juices.

1 Adjusted for time and age.

}Adjusted for time, age, residual energy at baseline, change in residual energy, weight at birth, weight at birth x time, years of adolescence, years of
adolescence X time, maternal BMI, and maternal BMI X time.

§ Adjusted for time, age, residual energy at baseline, weight at birth, years of adolescence, and maternal BMI.
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Table 6. Results of the mixed linear model of the association between consumption of regular soft drinks (RSD) and fruit juices (FJ) and body-weight
status of girls (n 116) in the Dortmund Nutritional and Anthropometric Longitudinally Designed (DONALD) study*t

Baseline MJ from Baseline MJ from Change in MJ Baseline MJ from Baseline MJ from Change in MJ
RSD RSD X time from SD FJ FJ X time from FJ
B P B P B B P B P B P AlC

BMI-SDS

Model 1% —-0-292 0-206 0-004  0-904  0-051 0-101 0-070 0777 —0-051 0123  0-088  0-020 672-9

Model 2§ —0-291 0-168 0-005 0877 0-055  0-081 0-069  0-755 —0-046  0-161 0-096  0-013 7192
Body fat (%)

Model 1% —3-186  0-0477 —0-065 0834  0-441 0-192 -1.015  0-553 —-0-244 0465 0619 0135 34832

Model 2]| —2.937  0-050 0-006 0987 0450 0-186 -1.182  0-457 —-0-265 0426 0615 0139 34766

AIC, Akaike’s information criterion; BMI-SDS, BMI standard deviation score.

*RSD: carbonated and uncarbonated sugar-sweetened drinks such as lemonades, iced tea and fruit drinks (diluted and sugar-sweetened fruit juices), sports drinks and energy

drinks.
1 FJ: 100 % fruit juice.
1 Adjusted for time and age.

§ Adjusted for time, age, residual energy at baseline, change in residual energy, weight at birth, weight at birth X time, years of adolescence, years of adolescence X time,
maternal education level, maternal education level x time, maternal BMI, and maternal BMI X time.
|| Adjusted for time, age, residual energy at baseline, change in residual energy, weight at birth, years of adolescence, years of adolescence x time, maternal education level x

time, maternal BMI, and maternal BMI X time.

and body-weight status in children and adolescents. Overall,
these studies have suggested a positive association between
soft drink consumption and body weight. Conflicting results
may be explained in part by differences in the definitions of
beverage groups (specifically inconsistent definitions of regu-
lar soft drinks), the different study designs and the varying age
of the study samples.

Results from the eleven cross-sectional studies, which rep-
resent the majority of studies on this topic, are inconsistent.
Five found a positive association(22_26), whereas six failed
to find a significant relationship soft drink consumption and
body-weight status®’ 32 However, three of these latter six
observed a positive association between regular soft drink
consumption and total energy intake, a possible pathway by
which energetic beverages could lead to increasing body
weight 3032

The results from seven prospective studies in children and
adolescents are more consistent; five found a positive associ-
ation between intake of regular soft drinks and body-weight
status! %2373 Of the two studies that failed to find any sig-
nificant relationship, one suffered from a relatively short
follow-up period of only 4-8 weeks and a small study
sample (n 21)"V, while the other examined 2—5-year-old chil-
dren®”, an age group with usually low consumption of regular
soft drinks and more accurate compensation for high liquid
energy intake than older children®®. Finally, two intervention
studies observed a positive development of body-weight status
after restriction of regular soft drinks in the intervention group
in comparison with the control group®®4?.

Our findings are in line with the suggested positive associ-
ation between regular soft drink consumption and body-weight
status found in the prospective studies described above, when
regular soft drinks and fruit juices were combined into a single
beverage group (i.e. energetic beverages). Specifically, the
present results suggest that an increase in total energetic bev-
erage consumption predicted a concurrent increase in BMI-
SDS in girls. This result is similar to that in the study by
Gillis & Bar-Or®®, who did not find a significant association
for soda alone, but for a combination of soda and other sugar-
added drinks. The above-mentioned differences in beverage

consumption between adolescents of the DONALD study
and US adolescents might be one reason why regular soft
drink consumption as a separate variable was not significantly
associated with change in BMI-SDS, but the combined vari-
able, energetic beverages, did predict the change in BMI-SDS.

In the present study, the prospective association of energetic
beverage consumption and body-weight status was confined to
girls only. This finding is in line with results of Tordoff &
Alleva“?, who noticed an even higher weight gain in young
adult females in comparison with males at a comparable
level of regular soft drink consumption. Novotny et al.*>
observed that a 1 g increase in soda consumption was associ-
ated with a rise of 0-005kg in body weight in 323 girls
between 9 and 14 years. Consumption of these beverages
in both studies was far higher than the amounts in girls
in our sample. However, overweight girls in particular are
prone to under-reporting of undesirable, high-energy food
groups''”. Even though we excluded obviously implausible
records from the analysis, this food-specific under-reporting
may result in an underestimation of the relationship between
energetic beverage consumption and body-weight status in
girls and could be an explanation for the inverse relationship
of baseline soft drink consumption and baseline %BF. In
boys, puberty results in much higher changes in energy
demands as compared with girls. Thus, pubertal development
may have obscured a potential effect of soft drink and
energetic beverage consumption on body-weight status in
boys. In fact, the only significant result found in boys was a
cross-sectional relationship between fruit juice consumption
at baseline and baseline BMI-SDS. However, the lack of a
stratified analysis for boys and girls in some of the other
studies might be another reason for inconsistent results
between studies.

In both sexes, we did not observe a relationship between
energetic beverage consumption and %BF. To date, the
association with %BF has only been evaluated in three
cross-sectional studies and one prospective study®2*>-%,
but only Gillis & Bar-Or'*® observed a significant positive
association between sugar-sweetened beverage consumption
and %BF measured by bioelectrical impedance analysis.
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Physiological differences between subjects due to pubertal
changes might be one reason for inconsistent results from
different studies. Another explanation may be missing infor-
mation on physical activity. A high level of physical activity
is associated with increased water loss. This water loss
should be compensated for by a higher beverage consumption.
Therefore, high levels of physical activity and the resulting
energy expenditure may result in high intakes of energetic
beverages. Furthermore, the specific influence of physical
activity on lean body mass could mask effects of high ener-
getic beverage consumption on %BF. Differences in levels
of physical activity between boys and girls may explain
why consumption of energetic beverages affected change in
BMI-SDS of girls only. Overall, despite a missing association
with %BF, the observed increase in BMI-SDS associated with
increased beverage consumption in adolescence indicates a
higher risk of becoming overweight and developing the
pathology of the metabolic syndrome in adulthood“®.

Results from our evaluation suggest an increase of 0-07
units in BMI-SDS for every additional unit in energetic bever-
age consumption over the 5-year study period (MJ) in girls.
Ludwig et al."? noticed that the BMI of adolescents increased
by 0-18 units within 19 months for each daily serving of
sugar-sweetened drinks consumed at baseline. Even though a
clinical study design might be more suitable for estimating a
dose—effect relationship between beverage consumption and
body-weight status, these results give an impression of the
quantitative effect of energetic beverage consumption, which
although not remarkable at first sight, is substantial for a
single food group.

One discussed pathway, by which energetic beverage
consumption could lead to overweight, is an increase in total
energy intake, which was observed in several studies in children
and adolescents®3°=3243 n fact, we found no correlation
between consumption of energetic beverages and residual
energy intake in both boys and girls. Apparently, energy con-
sumed as part of energetic beverages is not fully compensated
for by lower consumption of other energy-containing foods
and may result in a higher total energy intake. Another mechan-
ism that has been discussed for the impact of sweetened drinks
on body weight is the use of high-fructose maize syrup, the
most common sweetener in US soft drinks. Since fructose is
metabolised independently from insulin, and therefore causes
an unregulated absorption of fructose by hepatocytes and adipo-
cytes, it has been proposed as a relatively uncontrolled source of
carbon precursors to lipogenesis(l3’44). Interestingly, in the pre-
sent study the adverse effect of an increased consumption of
energetic beverages on the development of BMI-SDS of girls
was to a larger extent due to an increased consumption of
fruit juices, which are (despite their higher social acceptance)
also characterised by a high fructose content. Currently,
the exact mechanism of the effect of energetic beverages on
body-weight status remains unclear.

Besides the missing information on physical activity,
further limitations, and also the strengths, of the present
study warrant mentioning. Dietary data were self-reported
and therefore might be subject to recording errors and
under-reporting. However, most other studies on beverage
consumption and overweight measured dietary intake using
FFQ and/or (repeated) 24 h recalls, both of which are prone
to misjudge portion size in children and adolescents, in

contrast to weighed dietary records. The high standard of
the dietary records in the DONALD study has been recently
shown in an analysis comparing dietary iodine intake from
weighed amounts of different food groups with concurrent
24h urinary iodine excretion, which reflected precisely the
iodine content of food groups measured by chemical anal-
ysis(45). Furthermore, our long-term study design with
annually repeated dietary and anthropometric measurements
is more suitable for the evaluation of the effect of long-term
diet on the development of body-weight status than a cross-
sectional design.

The elaborate design of the DONALD study results in a
relatively small study sample, which is not representative
with respect to socio-economic status. Nevertheless, no or
only minor differences were observed when the dietary
habits of the DONALD study population were compared
with the results for this age group from the first nationwide
German dietary survey 1987-8“®*”. In addition, time
trends in intakes observed in this population are similar to
nationwide results“®. Therefore, our selected sample appears
to reflect common patterns of beverage consumption in
German adolescents.

Conclusion

Our data from a sample of German adolescents showed that an
increase in energetic beverage consumption was associated
with an increase in BMI-SDS of girls. In boys, there was
only a cross-sectional relationship between baseline consump-
tion of fruit juices and baseline BMI-SDS. Even though we
observed no effect on %BF, the consumption of energetic
beverages may increase the risk of becoming overweight, at
least in adolescent girls.
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