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Abstract Sugar-sweetened beverage (SSB) intake is considered an important contributing factor to obesity in
youth. Replacing SSB with calorie-free beverage has potentially reduced energy intake and obesity prevention;
however the health outcomes remain unclear. We evaluated the effect of the substitution of plain water for SSBs
with incident of obesity in female youth. We conducted a two months intervention on plain water intake. A total of
43 overweight female (age 22.0 + 2.6 years) were randomly assigned to Intervention (n=23) and Control (n= 20)
groups. The intervention regime consists of increasing intake of daily plain water consumption, and avoiding SSB.
However, intake of 1 serving of fresh milk per day is allowed. Body composition measurements, diet history
questionnaires (DHQ), SF-36 and goal-adjustment scale (GAS) questionnaires were ascertained at baseline and
week 8. There was a significant increase (p<0.001) in plain water intake in the Intervention group as compared to the
Control group. With respect to body composition, there was a significant intervention effect in body weight (p<0.05)
and BMI (p<0.01). It was shown that both body weight and BMI improved in the Intervention group as compared to
Control. Both waist circumference and body fat percentage revealed significant group effect (p<0.05). No significant
intervention effect was found on both SF-36 and GAS items. Replacing SSB with plain water is effective in
improving body composition among youth. There is a need to conduct a larger scale study with longer duration and
measuring biochemical parameters for further research.
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1. Introduction

The increase in obesity prevalence is one of the world’s
public health concerns. Among Malaysian adult population,
the prevalence of obesity was 17.7% (defined using WHO
2000 criteria) which was higher than the world’s
prevalence, 13.0% [1]. This prevalence had increased
0.6% than the previous report in 2011 [2]. In detail, the
prevalence of obesity among female adults (20.6%) was
significantly higher than male (15.0%). Moreover the
prevalence of diabetes mellitus (DM), although not
significant, was also higher among female (18.3%) as
compared to male (16.7%) [1].

Drinking sugar-sweetened beverages (SSB) appears to
be the most important contributor to the obesity epidemic.
It was found to be the largest source of added sugar thus,
being the major contributor of energy in the diet of youth
[3,4]. Other than obesity [5], consumption of SSB has
been associated with type 2 diabetes [6], dental caries [7],
poor mental health [8], poor academic grades [9] and

displacement of nutrient-rich foods [10].

Conversely, drinking plain water (PW) is a healthful
alternative for SSB. Intake of PW is one approach for
reducing total energy intake [11]. Scientific evidence has
reported that PW intake was inversely associated with
intake of total sugar, suggestive of poor diet quality [12].
Therefore, there is a possible benefit of obesity prevention
and control by drinking plain water. As part of a healthy
diet, drinking plain water can aid weight management [13,14]
and if replaced for SSB intake, there will be a possibility
to avert the adverse consequences associated with SSB.

Hence, there is a need for conclusive evidence whether
the approach of replacing SSB with plain water can
improve body weight and composition among this group
of population. To date, generally very few studies in Asia
region have reported the consumption of beverage in
particular related to the intake of SSB and plain water.
The aim of this current study was to contribute to the
limited evidence base by investigating the effectiveness of
replacing SSB with plain water. We hypothesized that
higher plain water intake will improve body composition,
and quality of life parameters.
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2. Method

2.1. Study Design, Subjects and Sampling

This is a study to determine the effectiveness of
replacing SSB with plain water, of two months duration
among 43 overweight or obese female youth. Study
participants were recruited from a local university in
central Malaysia. Participants were screened based on
body mass index (BMI) using World Health Organization
(15) criteria. Inclusion criteria were overweight female
aged 18 — 25 years, and have no other chronic diseases.
Exclusion criteria include pregnancy and lactation,
smokers, and those who had change their usual dietary
pattern over the previous 3 months.

2.2. The Intervention

Subjects were randomly assigned to Control and
Intervention group. Control group needs to maintain their
present nutritional habits and lifestyle, while intervention
group needs to adhere to the intervention plan. The
intervention regimen consists of increasing intake of daily
plain water consumption, and avoiding sugar sweetened
beverages. However, intake of 1 serving of fresh milk per
day is allowed. Subjects were also instructed to not
changing their activity level throughout the intervention
period.

Compliance to the intervention was assessed using
daily water consumption log book, and verification of the
information obtained during baseline, week 4 and week 8.

2.3. Data Collection

Data was collected twice, at baseline and 2 months after
the intervention. The instruments used for measuring
anthropometry include Seca 271 Portable Stadiometer for
height measurement, Seca Robusta 813 Weighing Scale
for weight measurement, Omron HBF-3060C Body Fat
Analyzer for body fat percentage measurement and Seca
201 Measuring Tape for waist circumference measurement.
Dietary information was gathered using 24-hour diet recall
interview, and further analysed using Nutritionist Pro
software. Further, a set of web based questionnaire was
administered to the participants. The self-administered
questionnaire includes Short-form 36 health status
questionnaire (SF-36) and Goal Adjustment Scale
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Ethical approval for this study was obtained from
Universiti Teknologi MARA Research Ethics Committee
and informed consent was obtained from all subjects.

2.4. Statistical Analysis

Analyses were carried out using SPSS version 21.0.
Changes from baseline to week 8 were analysed using
repeated measures ANOVA with baseline values included
as covariates. Result are presented with three p values and
partial eta square: i) time effect, to test whether there was
a change over time; ii) group effect, to test the difference
between both groups throughout the intervention period;
iii) intervention effect, which is the test of main or
interaction effect.

3. Results

3.1. Baseline Characteristics

A total of 43 female youth subjects (Control group,
n=20; Intervention group, n=23) completed this study. For
sociodemographic profile, all of the participants were
single (not married) and still studying in the university.
Baseline characteristics of the two study groups are shown
in Table 1. No significant differences between groups
were found for all of the parameters, except for body fat
percentage (p<0.05). At baseline, fat percentage in
Intervention group was significantly higher than Control,
thus it was included as the covariate in the analysis of
repeated measured ANOVA.

3.2. Repeated Measures Effect

Table 2 presents the plain water intake, energy and
anthropometry data of the subjects at baseline and week 8.
There was a significant increase (p<0.001) in plain water
intake in the Intervention group as compared to the
Control group. Plain water intake was increased by
+53.4% in the Intervention group compared to a +1.0%
increase in the Control group.

With respect to body composition, there was a
significant intervention effect in body weight (p<0.05) and
BMI (p<0.01). It was shown that both body weight and
BMI improved in the Intervention group as compared to
Control group following the intervention. Both waist

Questionnaire (GAS). All of these questionnaires have circumference and body fat percentage revealed
underwent reliability and validity testing by previous studies. significant group effect (p<0.05).

Table 1. Baseline characteristics of participants
Characteristics Intervention group (n=23) Control group (n=20) P value
Age 21.8+28 224+26 0.721
Weight (kg) 73.6+16.3 67.0 + 10.6 0.099
BMI (kg/m?) 29.7+4.8 27.4+2.6 0.374
Waist circumference (cm) 89.2+164 91.9+18.3 0.621
Body fat (%) 38.4+45 31.3+6.6 0.01*
Energy intake (kcal/day) 1753 + 736 2163 + 711 0.072
Plain water intake (ml/day) 513 +385 737 £552 0.126
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Table 2. Changes in body composition, energy and water intake
. . p (partial eta square)
Variable Baseline (mean + SD) Week 8 (mean £ SD) - -
Time effect Group effect Intervention effect
Plain water intake (ml/day)
Intervention (n=23) 513 + 385 1102 + 558 0.457 (0.014) 0.998 (0.000) 0.000 (0.336)***
Control (n=20) 737 £ 552 745 + 560
Energy intake (kcal/day)
Intervention (n=23) 1753 + 736 1552 + 485 0.736 (0.003) 0.082 (0.074) 0.318 (0.025)
Control (n=20) 2163 + 711 2245 + 467
Weight (kg)
Intervention (n=23) 73.6+16.3 71.4+16.7 0.006 (0.222)** 0.466 (0.013) 0.018 (0.132)*
Control (n=20) 67.0+10.6 68.5+8.1
BMI (kg/m?)
Intervention (n=23) 29.7+48 28.7+49 0.041 (0.121)* 0.05 (0.096) 0.002 (0.130)**
Control (n=20) 274+26 28.8+29
Waist circumference (cm)
Intervention (n=23) 89.2+16.4 87.5+155 0.762 (0.093) 0.036 (0.106)* 0.102 (0.065)
Control (n=20) 91.9+18.3 929+16.9
Body fat (%)
Intervention (n=23) 384+45 351+96 0.111 (0.061) 0.006 (0.169)** 0.112 (0.061)
Control (n=20) 31.3+6.6 31.3+5.0

* significant at p<0.05, analysis using Repeated Measures ANOVA
** significant at p<0.01, analysis using Repeated Measures ANOVA
*** significant at p<0.001, analysis using Repeated Measures ANOVA.

Table 3. Changes in Quality of Life

p (partial eta square)

Variable Baseline (mean + SD) Week 8 (mean £ SD) - -
Time effect Group effect Intervention effect

SF-36 Physical function
Intervention (n=23) 56.7 + 16.6 64.6 +17.8 0.175 (0.044) 0.033 (0.107)* 0.540 (0.009)
Control (n=20) 73+289 76.0+31.6

Functional limitation (physical)
Intervention (n=23) 759+21.1 66.3+25.1 0.65 (0.005) 0.773 (0.003) 0.252 (0.032)
Control (n=20) 66.3 +42.7 70.4 +38.7

Functional limitation (emotion)
Intervention (n=23) 23.5+16.9 28.7+15.2 0.199 (0.040) 0.000 (0.439)*** 0.683 (0.004)
Control (n=20) 61.7 +43.6 71.7+37.8

Vitality
Intervention (n=23) 55.4 +10.9 54.6 + 6.4 0.612 (0.006) 0.869 (0.001) 0.864 (0.001)
Control (n=20) 55.5+15.7 53.8+10.2

Emotional well being
Intervention (n=23) 61.6 +15.2 61.6 +14.2 0.553 (0.009) 0.133 (0.054) 0.579 (0.008)
Control (n=20) 55.8+8.8 58.4+74

Social function
Intervention (n=23) 61.4+16.8 59.8 + 16.4 0.234 (0.034) 0.207 (0.039) 0.077 (0.074)
Control (n=20) 61.3+14.0 69.4+11.0

Pain
Intervention (n=23) 61.9+15.8 67.0+19.6 0.200 (0.040) 0.672 (0.04) 0.886 (0.001)
Control (n=20) 60.4 £ 20.5 64.4+22.3

General health
Intervention (n=23) 58.5 + 15.0 61.6 +15.0 0.639 (0.005) 0.786 (0.002) 0.106 (0.063)
Control (n=20) 61.9+18.3 56.3+9.6

GAS Goal disengagement
Intervention (n=23) 11.7+23 108+1.4 0.501 (0.011) 0.026 (0.115)* 0.007 (0.167)
Control (n=20) 115+£22 13.0+£1.9

Goal reengagement
Intervention (n=23) 19.9+5.6 194+41 0.931 (0.000) 0.028 (0.113)* 0.568 (0.008)
Control (n=20) 21.4+49 221+18
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3.3. Quiality of Life

As shown in Table 3, physical function and functional
limitation (emotion) was significantly different (p<0.05)
in both Intervention and Control group. Although both
groups showed increased in physical function over time,
there was greater increase in Intervention vs Control. As
for Goal Adjustment analysis, there was a significant group
effect (p<0.05), but no significant difference over time.

4. Discussion

Calorie vs non-calorie beverage intake plays a big role
in determining daily calorie intake. Higher intake of
sweetened beverages may contribute to high energy intake
which subsequently affect one’s body weight and also
associate with chronic diseases. Our study indicates that
by increasing consumption of plain water and cutting all
sugar-sweetened beverages for 2 months is beneficial in
reducing body weight and BMI significantly. Although no
significant difference observed, energy intake, waist
circumference and body fat percentage were also reduced
following this intervention.

Plain water intake together with proper diet may
enhance weight loss [13]. As there is no additional calorie
from sugar sweetened beverages, there will be energy
intake reduction, thus help reducing body weight
especially in overweight and obese. Plain water intake
may also promote fullness to the stomach and did not
differ in their ability to suppress hunger than the SSB [16].
It may also promotes hydration, increase satiety and
thermogenesis, therefore reduce intake of other food [17].

A Study by Hruby et al. [18] found that intakes of
sweetened beverage may increase weight. Further, it was
also reported that visceral fat accumulation is due to the
sucrose or fructose in SSB that will lead to lipogenesis and
insulin resistance [19]. Carbohydrate will be converted to
glycogen; however, the excess carbohydrate will be
converted to fat, stored in adipose tissue, and eventually
increase body fat percentage.

In this study, at baseline, we found that intake of PW in
both groups were low. After 8 weeks, the PW intake
increased significantly in the Intervention group, however
remained low in the Control group. Low intake of PW
may indicate either poor hydration status or poor nutrition
if it was replaced by other SSB. In the present study,
energy intake in Control group was higher than
Intervention, which may reflect higher intake of caloric
beverages in the Control group.

Our study showed no intervention effect as measured
by SF-36 and GAS questionnaire. Of remark however
general health of the Intervention group was increased and
no detrimental effect observed following the intervention.
With regards to GAS, the present study found no
intervention effects on goal disengagement and goal
reengagement capacities. The GAS measures how the
participants react when they were participating in this
study and to pursue the goals of the intervention. Since all
the participants in our study were overweight, it is
particularly important to measure their attainment towards
achieving normal body weight and healthy lifestyle. The
goals may become unattainable if the participants

encounter stress following the intervention regime. Likely,
there is no such circumstance observed in our study.

5. Conclusion

In conclusion, this study showed that PW intervention
is effective in improving body composition among female
youth. There is a need to conduct a larger scale study with
longer duration and measuring biochemical parameters for
further research.
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