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Abstract

An intervention study showed that promoting water consumption in schoolchildren prevented overweight, but a mechanism linking water
consumption to overweight was not substantiated. We investigated whether increased water consumption replaced sugar-containing
beverages and whether changes in water or sugar-containing beverages influenced body weight outcomes. In a secondary analysis of the
intervention study in Germany, we analysed combined longitudinal data from the intervention and control groups. Body weight and height
were measured and beverage consumption was self-reported by a 24-h recall questionnaire at the beginning and end of the school year 2006/
2007. The effect of a change in water consumption on change in sugar-containing beverage (soft drinks and juices) consumption, change in
BMI (kg/m?) and prevalence of overweight and obesity at follow-up was analysed using regression analyses. Of 3220 enroled children, 1987
children (mean age 8-3 (sp 0-7) years) from thirty-two schools were analysed. Increased water consumption by 1 glass/d was associated with a
reduced consumption of sugar-containing beverages by 0-12 glasses/d (95% CI —0-16, —0-08) but was not associated with changes in BMI
(P=0-63). Increased consumption of sugar-containing beverages by 1 glass/d was associated with an increased BMI by 0-02 (95% CI
0-00, 0-03) kg/m? and increased prevalence of obesity (OR 1-22; 95% CI 1-04, 1-44) but not with overweight (P=0-83). In conclusion, an
increase in water consumption can replace sugar-containing beverages. As sugar-containing beverages were associated with weight gain, this
replacement might explain the prevention of obesity through the promotion of water consumption.
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Water is the recommended beverage for children as well as for
adults according to several dietary recommendations’™. In
contrast to sugar-containing beverages, the consumption of water
does not add to dietary energy intake. Thus, drinking water
instead of sugar-containing beverages is a recommended dietary
behaviour to prevent overweight and obesity in children®®.
The beverage category ‘sugar-containing beverages’ includes
soft drinks with added sugars (‘sugar-sweetened beverages’) as
well as fruit juices. Sugar-sweetened beverages are claimed to be
the food group with the strongest evidence for a causal link to an
increased risk for obesity in children®. Recent reviews and meta-
analyses concluded that reducing their consumption can prevent
weight gain in children™®??. Several national and international
dietary guidelines recommend limiting  the
consumption of sugar-containing beverages in children®*1%,

reducing or

The consumption of fruit juices, which can contain a comparable
amount of sugar with soft drinks, is recommended but should also
be limited to 2 servings/d in school-aged children according to
the American Academy of Pediatrics™'®.

Water as a beverage may replace the consumption of sugar-
containing beverages, and thereby reduce energy intake and
weight gain. In experimental trials on adults, the consumption
of water instead of sugar-containing beverages reduced total
energy intake with the subsequent meal in the short-term,
especially in older adults as indicated in
reviews"''®_ In children, only a few such experimental studies
have been conducted so far''®. One study showed that drink-
ing water before a meal instead of sugar-containing beverages
reduced total energy intake in the short-term® while another
did not*. One recent review identified several intervention

systematic
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studies indicating that the replacement of energy-containing
beverages with water can reduce weight gain in children®”.
However, the evidence for a beneficial effect of an absolute
increase in water consumption for overweight and obesity
prevention is scarce as shown by recent systematic reviews in
adults®? and children®. Three longitudinal studies®*® and one

197 indicate that increased water

randomised intervention tria
consumption could support weight loss in adults dieting for weight
loss. In children, two out of three longitudinal observational
(2539 one quasi-experimental study® and one controlled
intervention study®® indicated a beneficial effect of increased
water consumption on body weight outcomes. In the two inter-

vention studies, water consumption was increased by the provi-

studies

sion of water fountains in schools®!*?. In the quasi-experimental
study®Y, the school intervention reduced the BMI and the like-
lihood for being overweight, which could be explained by the
observed reduction in milk purchases in the schools.

©2 the promotion of water
consumption in schools reduced the risk of overweight. Children
in the intervention group drank 1 glass of water/d more than
children in the control group. However, the decreased
consumption of sugar-containing beverages did not reach
significance between the groups. As the intervention effect was
tested by the comparison of the intervention and control group,
the pathway whereby changes in water and sugar-containing

In the controlled intervention study

beverage consumption affected weight development at the
individual level remained open to investigation.

In a secondary analysis of this intervention study, we combined
longitudinal data from the intervention and control group to
investigate within-subject effects. The aim was to investigate in
this larger, combined sample how the consumption of water and
sugar-containing beverages affected body weight outcomes in
children. We tested whether an individual change in water
consumption during 1 school year was associated with a change
in sugar-containing beverage consumption, and if a change in the
consumption of water or sugar-containing beverages was
associated with a change in body weight outcomes. In addition,
we looked at the two subcategories of sugar-containing
beverages, soft drinks and juices, separately, and investigated
whether these associations differed by sex, body weight category
or migrational background of the children.

Methods
Study design and population

We conducted a secondary analysis of an intervention study by
combining children in the intervention and control groups and
analysing them as a longitudinal study, while controlling for the
intervention. The primary aim of the intervention study was to
investigate whether the promotion of water consumption in
schoolchildren was effective in preventing overweight®®. The
intervention study was an open-label, two-arm, parallel controlled
trial, registered at www.clinicaltrials.gov (NCT00554294). This
study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human
subjects were approved by the Ethics Committee of the
Rheinische Friedrich-Wilhelms-Universitit Bonn (no. 030/006).

Written informed consent was obtained from all subjects. Details
and results of the intervention study have been provided

elsewhere®?3

. Elementary schools were randomly selected
from deprived districts of two German cities, Dortmund and
Essen. Schools in the city of Dortmund (72 17) were allocated to
the intervention group and schools in Essen (72 16) were allocated
to the control group. The intervention aimed to increase water
consumption by providing water fountains on school grounds
and educational lessons on water. The lessons were given by
teachers who were provided with a booklet and a box of teaching
material such as a compact disc with a song. Control schools did
not receive any intervention. The intervention period lasted 1
school year from August 2005 to June 2006. In total, 3220
schoolchildren from the second and third grades were enroled.
Complete data on body weight measurements at baseline
and follow-up were available for 2950 children from thirty-two
elementary schools®?. A smaller number of children with a mean
age of 8:3 (sp 0-7) years additionally had complete baseline and
follow-up measures of beverage intake (72 1987). This population
with complete data from both body weight and beverage intake
served as the sample for the present analysis.

Measures

Before the intervention start (baseline) and after the intervention
period of 1 school year (follow-up), body weight and height were
measured and children filled out questionnaires to determine
beverage consumption. Age, sex and migrational background
were assessed at baseline. Migrational background was present if
the child or at least one parent was born in a foreign country.

Children’s body weight and body height were measured in
light clothes by trained study staff at baseline and follow-up.
BMI was calculated as body weight divided by height squared
(kg/m?). Children were categorised by their BMI into normal
weight (including underweight), overweight and obese groups
considering age and sex according to the recommendations of
the International Obesity Task Force®> .

Beverage consumption was assessed by a semi-quantitative,
paper-and-pencil, 24-h recall questionnaire@(’). In this ques-
tionnaire, children were asked how many glasses (defined as
about 200 ml/glass) they drank during five defined meals or time
intervals within the previous 24h of the seven predefined
beverage categories. The smallest consumption unit was half
a glass/d. The seven beverage categories were as follows:
(1) tap water, (2) mineral water, (3) tea (fruit and herbal),
(4) milk (including milk drinks), (5) soft drinks (including
lemonades and ice tea), (0) juices (including fruit drinks of any
percentage fruit juice) and (7) other beverages. The category
‘other beverages’ provided the children a choice to report bev-
erages they could not allocate to one of the previous categories.
The relative validation of the questionnaire with a 24-h weighed
record showed good correlations between the two assessment
methods with correlation coefficients between 0-8 and 0-9 for the
reported volumes in the respective beverage categories®®. Tap
and mineral water were combined to the category ‘water’.
Another measure was created titled ‘sugar-containing beverages’
that combined intake of soft drinks and juices. Total beverage
consumption was calculated by summing up all beverage
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categories. For the analyses, we calculated the change in
consumption for each beverage category by subtracting the
baseline from the follow-up consumption. In addition, we
categorised children by their change in the consumption of
water, sugar-containing beverages, soft drinks and juice into
quintiles to obtain categorical variables.

Statistical analysis

For the present analysis, we included only children with
complete anthropometric and beverage data at baseline and
follow-up. In a missing data analysis, we compared children
excluded because of missing data on beverage consumption
with the children included with regard to their baseline
characteristics using the Wilcoxon’s rank
continuous variables and the y* test for categorical variables.

sum test for

In univariate tests, we investigated whether beverage con-
sumption, BMI and the prevalence of overweight and obesity
changed from baseline to follow-up by using the Wilcoxon’s
signed-rank test and the McNemar's test, respectively.

Mixed-effects regression models (PROC GLIMMIX in SAS 9.4)
were applied for analyses of the effects of within-subject changes
in beverage consumption. In the models, schools were generally
treated as a random variable with a compound-symmetry struc-
ture to consider the clustered structure of the data. All models
were adjusted for potential confounders: age at baseline, sex
(male v. female), migrational background (yes v. no), study arm
(intervention v. control group) and duration of follow-up (days
between individual baseline and follow-up measurement).

For the analyses of the effects of change in water consumption
on change in sugar-containing beverages (dependent variable), the
basic model was additionally adjusted for baseline BMI, baseline
consumption of water and sugar-containing beverages and base-
line consumption as well as changes in consumption of the
remaining beverage categories — milk, tea and other beverages.

For the analyses of the effects of changes in water and in
sugar-containing beverage consumption on change in BMI
(dependent variable), the basic model was additionally adjusted
for baseline BMI, baseline consumption of the beverage
categories and change in consumption of milk, tea and other
beverages. Thus, the model for the effect of change in water
consumption on BMI was not adjusted for the change in sugar-
containing beverages consumption because we wanted to
estimate the total effect of water consumption, including
potential effects caused by changes in sugar-containing
beverages. Accordingly,
beverages was not adjusted for change in water consumption.

To investigate possible non-linear effects of the change in
beverage consumption, we also calculated models with
categorical variables (quintiles) of change in consumption of
water, sugar-containing beverages and the subcategories soft
drinks and juices as the independent variables. Effects of the
respective quintiles are presented in comparison with the
3rd quintile as the reference category because this category
represented no or a small change in beverage consumption.

All models were repeated separately for the subcategories
soft drinks and juices in place of the combined category sugar-
containing beverages. We tested whether the effects differed

the model for sugar-containing

between the intervention and control group by adding the
interaction term of the study arm with the respective indepen-
dent variable (e.g. change in water consumption) to the
adjusted models. We also tested whether sex, migrational
background, baseline overweight (including obesity) or
baseline obesity modified the effect. If the interaction term
reached significance, stratified analyses were performed.

The within-subject effects of changed beverage consumption
on the prevalence of overweight (including obesity) and obesity
(dependent variables) were analysed in separate models through
logistic mixed-effects models by adding a logarithmic link for
binary data and an underlying binomial distribution. To test the
robustness of the logistic model, we built a second model, which
adjusted for baseline prevalence of overweight and obesity,
respectively, instead of adjusting for baseline BMI. Statistical
analyses were performed with SAS 9.4 (SAS Institute Inc.).
P values < 0-05 were considered to be statistically significant.

Results
Study population

The present analysis included 1987 children with complete data
on body weight measures and beverage consumption at base-
line and follow-up. The mean follow-up duration was 250d
(8-2 months) with an sp of 7d (0-2 months). Baseline char-
acteristics as well as changes in body weight outcomes and
beverage consumption from baseline to follow-up are pre-
sented in Table 1. Although mean changes in the consumption
of most beverages were small, ranging from —0-1 to 0-6 glasses/d,
the individual changes varied substantially between the children
as indicated by a sp ranging from 1-3 to 3-1 glasses/d. Water
consumption increased in the overall population (Table 1).
Stratification into the two study arms, however, showed that
water consumption increased only in the intervention group by
an average of 1-2 (sp 3-1) glasses/d (< 0-001) but did not change
in the control group (0-0 (sp 2-9) glasses/d, P=0-58). Similarly,
the consumption of sugar-containing beverages decreased in the
intervention group by 0-2 (sp 2-8) glasses/d (P=0-:019), whereas
there was no change in the control group (0-0 (sp 2-6) glasses/d,
P=0-67) (data not shown).

Missing data analysis

A total of 963 children with missing beverage data were
excluded from the group of 2950 children with complete data
on body weight measures. Characteristics of the included and
excluded children are compared in Table 2. The samples were
similar with regard to migrational background and body weight
measures, whereas they differed slightly with respect to age, sex
and study arm allocation.

Effect of changes in water consumption on beverage
consumption

Fig. 1 shows the within-subject in beverage
consumption by each consumption

by 1 glass/d from baseline to follow-up. The effects are shown

changes

increase in water
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Table 1. Baseline characteristics and changes over the follow-up period of 250 d
(Numbers and percentages; mean values and standard deviations; n 1987)

Baseline Change
Characteristics Subcategory n % n % P*
Age (years) -
Mean 83
SD 0.7
Male 940 473 -
Migrational background 874 44.0 -
Intervention group 1070 53-9 -
BMI (kg/m?) <0-001
Mean 172 04
SD 2.9 07
BMI categoryt 0-83
Normal weight 1500 755 -7 -0-4
Overweight 345 17-4 12 0-6
Obesity 142 71 -5 -03
Mean SD Mean sD
Beverage consumption (glasses/d)f
Water 32 2.7 0-6 31 <0-001
Sugar-containing beverages 2.7 24 -0-1 2.7 0-15
Soft drinks 13 1.7 -0-0 20 0-35
Juice 14 1.7 -0-0 20 043
Milk 12 1.3 0-0 1.6 0-63
Tea 0-6 11 0-1 14 0-027
Other beverages 0-3 09 02 1.3 <0-001
Total beverage consumption 8:0 3-8 09 4.6 <0-001

* Change from baseline to follow-up tested by McNemar’s test for categorical variables and Wilcoxon’s signed-rank test for continuous variables.
1 Categorised according to the recommendations of the International Obesity Task Force®®.
1 One glass defined as approximately 200 ml.

Table 2. Comparison between children included and excluded from the analysis due to missing beverage data
(Numbers and percentages; mean values and standard deviations)

Included children (n 1987) Excluded children (n 963)
Characteristic Subcategory n % n % P*
Age at baseline (years) 0-042
Mean 828 8-34
Sb 075 075
Male 940 473 542 56-3 <0-001
Migrational background 874 44.0 432 44.9 0-65
Intervention group 1070 53-9 571 59-3 0-005
BMI at baseline (kg/m?) 0-36
Mean 172 173
SD 29 29
Change in BMI (kg/m?) 0-059
Mean 0-38 0-43
SD 074 076
BMI categoryt at baseline 0-99
Normal weight 1500 75-5 727 755
Overweight 345 17-4 166 17.2
Obesity 142 71 70 7-3
BMI categoryt at follow-up 0-61
Normal weight 1493 751 708 73-5
Overweight 357 180 187 194
Obesity 137 69 68 71

* Group differences tested by Wilcoxon’s rank sum test for continuous variables and the »* test for categorical variables.
t Categorised according to the recommendations of the International Obesity Task Force®®.

for the total sample and for the subgroups if the tests for consumption of sugar-containing beverages, as well as in each
interaction reached significance. Each increase in water con- of the subcategory soft drinks and juices, independent of BMI,
sumption by 1 glass/d led to a small reduction in the baseline and change in consumption of all beverage categories,
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Beverage
category
—i— Sugar-
containing
—a— beverages
L
—.— Soft drinks
—— Juice
+
-0-5 —0-4 -0-3 —-0-2 —0-1 0-0 0-1

Mean change in beverage consumption (glasses/d)
by each increase in water consumption by 1 glass/d

Subgroup* pt 95% Cl P Pror interaction
Total sample -0-12 -0-16,-0-08 <0-001
Non-obeset —011 -014,-0-07  <0:001 ) "o
Obeset -0-27 -0-39,-0-16 <0-001

Without migrational background —0-18 -0-23,-0-13 <0-001 0-005
With migrational background -0-05 -0-10, 0-00 0-071

Total sample -0-08 -0-11,-0-05 <0-001

Total sample —-0-05 -0-08,-0-02 <0-001

Without migrational background —0-09 -0-12,-0-05 <0-001 0-027
With migrational background 0-00 -0-04, 0-03 0-89

Fig. 1. Mean changes in the consumption of sugar-containing beverages and the subcategories soft drinks and juices (glasses/d) with 95 % ClI (indicated by error
bars) by an increased water consumption of 1 glass/d from baseline to follow-up in the total sample (n 1987) and in the subgroups. * Subgroup analyses are shown if
the interaction was significant with P<0-05. 1+ 8 Estimates are adjusted for baseline BMI, baseline and change in consumption of all beverage categories, age, sex,
migrational background, study arm and follow-up duration. + Obesity was defined according to the recommendations of the International Obesity Task Force®®.

age, sex, migrational background, study arm and follow-up
duration (Fig. 1.

An analysis of interactions indicated that this association
between increased water consumption and less intake of
sugar-containing beverages was modified by the presence
of obesity at baseline. The association was more pronounced
in obese than in non-obese children. There was also a
significant interaction with migrational background. An increase
in water consumption was only associated with reduced
consumption of sugar-containing beverages and juices in
children without a migrational background but not in children
with a migrational background (Fig. 1).

The effects of a change in water consumption, categorised in
quintiles, on the change in consumption of sugar-containing
beverages and the subcategories soft drinks and juices suggest
that the associations were approximately linear (see online
Supplementary Fig. S1). The change in consumption of sugar-
containing beverages and soft drinks differed between the
quintiles of water consumption (both P<0-001) with largest
reductions in their consumption in the 5th quintile, which was
defined as the highest increase in water consumption, com-
pared with the 3rd quintile (reference), with no or low changes
in consumption. In contrast, the effect on juice consumption did
not reach statistical significance (P=0-070).

Effect of water and beverage consumption on BMI

Fig. 2 shows the within-subject effects of increases in beverage
consumption by 1 glass/d on changes in BMI in the total sample
and in the subgroups in the case of interaction. An increase in
water consumption was not associated with a change in BMI. In
contrast, each increase in the consumption of sugar-containing
beverages by 1 glass/d led to a within-subject increase in BMI
by 0-02 (95% CI 0-00, 0-03) kg/m?. Analysing the subcategories
soft drinks and juices separately, an increase in the consump-
tion of soft drinks but not of juices was associated with an

increase in BMI. There was a significant interaction of juice
consumption with obesity, but subgroup analyses in non-obese
and in obese children did not result in significant asso-
ciations between increased juice consumption and changes in
BMI (Fig. 2).

Analysing the effects of a change in beverage consumption,
categorised in quintiles, on the change in BMI confirmed that
there was no association with a change in the consumption of
water (P=0-99) but of sugar-containing beverages (P=0-014)
(see online Supplementary Fig. S2). Children who were in the
5th quintile, that is who had the highest increase in sugar-
containing beverage consumption, had on average an increase
in BMI of 0-16 (95% CI 0-06, 0-25)kg/m* compared with
children in the 3rd quintile (reference) who had no or
a low increase in the consumption of sugar-containing
beverages. The effect of a change in soft drink consumption,
categorised in quintiles, on BMI did not reach significance
(P=0-057), but the effect estimates of the quintiles suggest
linearity of the association: The estimated mean increases in
BMI increased with higher soft drink consumption, categorised
in the quintiles. There was no association between quintiles of
change in juice consumption and change in BMI (P=0-82)
(see online Supplementary Fig. S2).

Effect of water and beverage consumption on overweight
and obesity

Fig. 3 shows the OR of the prevalence of overweight (including
obesity) and obesity at follow-up for each increase in beverage
consumption by 1 glass/d. There was no significant association
between changes in the consumption of any beverage and the
prevalence of overweight. In contrast, each increase in sugar-
containing beverage consumption by 1 glass/d increased the
likelihood for obesity at follow-up (OR 1-22; 95 % CI 1-04, 1-44).
Analysing the subcategories soft drinks and fruit juices
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Beverage
category Subgroup* Bt 95% Cl P Pror interaction
Water Total sample 0-00 -0-01,0-02 0-63
= Sugar- Total sample 0-02  0-00, 0-03 0-011
containing
beverages
= Soft drinks Total sample 0:02  0-00, 0-04 0:019
= Juice Total sample  0-01 -0-01, 0-03 018
— Non-obeset 0-01 -0-01,0-03 0-40 0017
L Obeset 0-06 -0-06, 0-17 0-32
-0-10 -0:05 0-00 0-05 0-10 0-15 0-20

Mean change in BMI (kg/m?)
by each increase in water consumption by 1 glass/d

Fig. 2. Mean changes in BMI (kg/m?) with 95 % ClI (indicated by error bars) by an increased consumption of water, sugar-containing beverages and the subcategories
soft drinks and juices by 1 glass/d from baseline to follow-up in the total sample (n 1987) and in the subgroups. * Subgroup analyses are shown if interaction was
significant with P<0.-05. t B Estimates are adjusted for BMI and consumption of all beverage categories at baseline, change in milk, tea and other beverages
consumption, age, sex, migrational background, study arm and follow-up duration. ¥ Overweight (including obesity) and obesity defined according to the

recommendations of the International Obesity Task Force®®),

Beverage

category ORt 95% ClI P

—L Water 0-99 0-91, 1.07 0-78
i 0-89 0-78, 1-02 0-098

—— Sugar-containing 0-99 0-90, 1-09 0-83
— beverages 1.22¢  1.04,1-44 0-014

—— Soft drinks 0-99 0-88, 1-12 0-89

L 117 0-93, 1-48 0-19

—a— Juice 0-98 0-86, 1-12 0-76
1-29 1-02, 1-61 0-030

0-0 0-5 1.0 1.5
OR

Fig. 3. OR for the prevalence of overweight (including obesity) and obesity at follow-up with 95 % CI (indicated by error bars) for an increased consumption of water,
sugar-containing beverages and the subcategories soft drinks and juices by 1 glass/d from baseline to follow-up (n 1987). [, Overweight (including obesity)*;
W, obesity*. * Defined according to the recommendations of the International Obesity Task Force®®®. + OR are adjusted for baseline BMI, baseline consumption of all
beverage categories, change in milk, tea and other beverages consumption, age, sex, migrational background, study arm and follow-up duration. 1 In the mixed-effects
models, an unstructured covariance structure instead of the compound-symmetry was used to enable the model to converge.

separately, an increase in juice but not in soft drink
consumption was associated with the prevalence of obesity
at follow-up.

To test the robustness of the logistic models on the effects, in
a second model, we adjusted for baseline prevalence of
overweight (including obesity) and obesity, respectively,
instead of baseline BMI. The results differed as the effects of
sugar-containing beverage and juice consumption on the
prevalence of obesity were only significant in the model
adjusting for BMI but not significant anymore in the
model adjusting for obesity (P=0-06 and 0-25) (see
Supplementary Fig. S3).

Discussion

In this secondary analysis, we examined longitudinal data from
an intervention study that promoted water consumption
for overweight prevention in schoolchildren. We combined
intervention and control group data to investigate the
associations between individual (within-subject) changes in
beverage consumption and weight development over a mean
follow-up of 8 months. A direct effect of changed water
consumption on body weight development was not observed.
However, there was evidence that increased water consump-
tion was associated with decreases in sugar-containing
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beverage consumption. In addition, increased sugar-containing
beverage consumption was associated with increases in BMI.

The analyses did not show that increased water consumption
itself directly affected body weight outcomes. According to
a systematic review'®”, three longitudinal observational
analyses have investigated the association between baseline
water consumption and subsequent changes in body weight
outcomes in children®®, but none has investigated the effect
of a change in water consumption on body weight outcomes.
A recent analysis in pre-school children also did not find an
association between a change in water consumption and
changes in body weight outcomes during a follow-up of
1-5 years®”. In adults, Pan et al.®® analysed the effect of a
change in water consumption in pooled data from large US
cohorts with a long-term follow-up of 16-20 years. They found
that increased water consumption was associated with reduced
weight gain by 0-13 (95 % CI —-0-17, —0-18) kg in 4 years for each
additional serving of water. This association was adjusted for
baseline BMI and changes in intake of other beverages as well
as in lifestyle factors such as smoking behaviour, diet and
physical activity, which we could not control for in our analysis.
Physical activity, for example, could have confounded our
analysis as it is associated with water consumption as well as
body weight outcomes in children at least in the cross-sectional
139, However, Pan et al.®® did not investigate whether
changes in other beverages such as sugar-containing beverages
could be responsible for the association between water
consumption and weight gain.

The replacement of sugar-containing beverages by increased

leve

water consumption is a suggested mechanism for a beneficial
effect of water consumption on body weight measures. In order
to estimate the total and not only the direct effect of water
consumption on body weight outcomes, we analysed
data without controlling for changes in sugar-containing
beverage consumption. There was no total effect of water
consumption on BMI. The association between change in
water consumption and sugar-containing beverages was small,
with a reduced consumption of 0-12 glasses per 1 additional
glass of water/d. This might be a reason why a total effect of
water on BMI was not observed. Another potential reason for
the lack of association of increased water consumption with
reduced BMI could be due to a measurement error in the
self-reported beverage consumption among the young children.
Random measurement error tend to attenuate regression
coefficients.

An additional reason for a missing effect of water on BMI
could be that not only water consumption may affect BMI but
also vice versa: an increased BMI might lead to increased water
consumption. Several studies in children showed that on the
cross-sectional level a higher BMI and obesity were associated
with higher water consumption®”. A reason for this could be
higher fluid needs in obese children due to increased salt or
protein intakes. In children, total fluid and water consumption
were directly associated with salt and Na intakes““**? and salt
and Na intakes increased with higher BMI“%4%.

A suggested mechanism for weight reduction through the
replacement of sugar-containing beverages with water is the
reduction in energy intake that is not compensated for by

increased consumption of other energy-containing foods or
beverages. Two studies calculated the reduction in total energy
intake if sugar-sweetened beverage
completely replaced by water. In the US child population,
Wang et al“*? estimated from two 24-h recalls within 10d the
hypothetic amount of 983 kJ/d (235 kcal/d) that could be saved
by a complete replacement. In adults, a similarly calculated
reduction in total energy intake of 837kJ/d (200kcal/d) over
12 months was estimated®. Zheng et al®” calculated in
a statistical replacement model that in pre-school children the

consumption was

substitution of sugary drinks with the same amount of diet
drinks resulted in reduced weight but not the substitution
with water.

As soft drinks and juices often have similar sugar and energy
contents, their effects on weight gain through increased energy
intake are suggested to be the same. However, in our analyses,
increasing soft drink consumption by 1 glass/d increased BMI
by 0-02kg/m?, whereas there was no significant association of
changes in juice consumption with change in BMI. On the other
hand, our data indicated that obesity was associated with an
increased juice but not soft drink consumption, although the
findings were not very robust. The association between
increased juice consumption and obesity was only significant in
the model adjusting for baseline BMI but not when adjusting for
obesity prevalence. Analyses of quintiles suggested that the
association with obesity might not be linear and only substantial
increases in juice consumption increased the risk of obesity.
Other studies that investigated the effects of both soft drinks
and juices on body weight outcomes yielded inconsistent
results. Libuda et al“®® showed that in German female
adolescents increasing juice consumption led to an even greater
weight gain compared with soft drinks. In US adults, increased
juice consumption was shown to be associated with weight gain
but to a lower extent compared with sugar-sweetened
beverages®®47,

Even if the obesogenic effect of soft drinks and juices may not
be the same, the replacement potential probably depends on
cultural and dietary habits as well. In the present German
children sample, the amounts of soft drink and juice
consumption were almost equal, which is in contrast to the
dietary habits of US children, whose consumption of soft drinks
and other sugar-sweetened beverages is about double the fruit
“® 1n addition, our data indicated that
increased water consumption replaced the consumption of

juice consumption

both soft drinks and juices, although only to a small extent: the
replacement of juices by 0-05 glasses/glass of water was slightly
lower than the replacement of soft drinks (0-08 glasses). Thus,
the potential effect of the replacement of sugar-containing
beverages with water might differ between populations.

The data of this secondary analysis were derived from an
intervention study that aimed at the prevention of overweight
through the promotion of water consumption®?. The hypo-
thesis was that replace
beverages, and thereby prevent excessive weight gain.
The intervention reduced the prevalence of overweight in

water would sugar-containing

the intervention compared with the control group. Water
consumption was 1 glass/d higher in the intervention than in
the control group, but the reduction in juice and soft drink
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consumption did not reach statistical significance. The present
analysis, however, supports the hypothesis that the observed
intervention effect on the prevalence of overweight might be
caused by the replacement of sugar-containing beverages with
water. Increases in sugar-containing beverages were also
shown to be associated with increases in BMI in the study
population. Another mechanism for the intervention effect
could be that the intervention might have changed other
obesity-associated behaviours affecting the energy balance,
which were not considered in the analysis. Such behaviours
could be other dietary factors or physical activity, which were
shown to be associated with water intake in children‘**”,

Our data indicated that water replaced sugar-containing
beverages only in children without a migrational background
but not in children with a migrational background. This could
explain why the intervention promoting drinking water, which
was investigated in the intervention study, was shown to be
effective only in children without a migrational background®® .
Plausible explanations why the promotion of drinking water
was less successful in children with a migrational background
might be found in culturally dependent dietary habits. In the
study population(34) G0
children differ in water, soft drink and juice consumption by
their migrational background. In addition, children with
migrational background have an increased risk for overweight
and obesity®".

as well as in the German population

Strengths and limitations

This analysis included longitudinal data on beverage
consumption and measured BMI of 1987 children. Beverage
consumption was assessed at baseline and prospectively after
an 8-month follow-up. Thus, we were able to calculate the
predictive association between baseline beverage consumption
and body weight development as well as to estimate the effects
of individual changes in dietary behaviour on individual
changes in body weight outcomes by the ‘change-on-change’
analysis. A major limitation of this analysis is that the detected
association between increased sugar-containing beverage
consumption and BMI was quite small. Owing to this small
effect, it was rare that a child’s BMI category changed. This
might explain why changes in beverage consumption did not
affect prevalence of overweight at all and the prevalence of
obesity only depending on the adjustment model. Another
limitation was the validity of the 24-h recall beverage
questionnaire. Although self-reporting in children of elementary
school age is possible, it is restricted because of the cognitive
abilities of children®®. The relative validation of the 24-h recall
against a 24-h weighed record showed that the volume of soft
drink consumption was overestimated by a higher amount
compared with juices(%) . In the present population, the total
self-reported beverage consumption at baseline was 8 glasses/
d, which equals 1600 ml/d assuming the predefined volume of
200 ml/glass. This also points towards an overestimation of the
consumption by the 24-h recall, because a German survey
showed the mean beverage consumption (excluding milk) to
be approximately 900 ml/d in this age group®®. According to
the wvalidation study, the ability to differentiate between

beverage categories was limited as well. For example, 13 % of
children misclassified soft drinks as juices in the validation
study(’%). In addition, the category fjuices’ also included fruit
drinks, and therefore did not distinguish drinks with a small
percentage of juice from 100% fruit juices. Thus, in the
analyses, we also combined soft drinks and juices in the
category  ‘sugar-containing beverages’ to
misclassification effect. Another limitation is that the analyses
were not adjusted for energy intake, food consumption and
physical activity. Thus, compensational mechanisms or effects
of changed beverage consumption on other behavioural factors
and on the energy balance as potential confounders were not
investigated. A reporting bias in the assessment of beverage
consumption is also possible, because participants in the
intervention promoting water consumption were not blinded.
This could induce over-reporting of water consumption as well
as under-reporting of sugar-containing beverages in children of
the intervention group due to social desirability. Being in the
intervention group itself could have a beneficial effect on
behaviour and outcome independent of the implementation of
the intervention measure. To control for this, we adjusted
all analyses for the study arm and investigated whether the
associations were thereby modified. The interaction analyses
showed that the analysed effects did not differ between the
intervention and control group.

reduce this

Conclusion

Water consumption was not shown to have a direct beneficial
effect on body weight outcomes, but water could replace the
consumption of sugar-containing beverages to some extent.
This replacement may be a pathway for increased water con-
sumption to prevent weight gain, because sugar-containing
beverages were shown to have an adverse effect on body
weight. Not all populations may benefit equally from increased
water consumption with respect to replacement of
sugar-containing beverages, such as children with a migrational
background. However, the recommendation of water
consumption to replace sugar-containing beverages can still
be supported.
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