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ABSTRACT

Introduction: Obesity and overweight in adolescents and adults are associated
with chronic diseases. The objective of this study was to determine the effect of
high-intensity interval training and pre-meal water intake on the lipid profile of
overweight and obese students. Methods: This was a pre-post experimental study.
Twenty-seven overweight and obese students (mean BMI 26.0+3.1 kg/m? and mean
age 19.7+0.7 years) were divided randomly into three groups. The first group (n=9;
BMI=26.6+3.6 kg/m? received Plain Water Intake (PWI) intervention, whereby
students received three bottles of plain water (600 mL) per mealtime (total 1.8 L/
day) and consumed ad libitum 30 to 45 minutes before mealtime (breakfast, lunch,
and dinner). The second group (n=9; BMI=25.9+2.4 kg/m?) received High-Intensity
Interval Training (HIIT) intervention and underwent three exercise sessions per
week (18 minutes/day; 70-85% of HRmax) that was introduced through a video
recording. The last group (n=9; BMI= 25.7+3.4 kg/m?) received a combination of
PWI+HIIT intervention. Nutritional status, nutrient intake, and lipid profile [total
cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C)] were assessed before and after
the interventions. Data were analysed using paired sample ¢-test and Analysis of
Variance (ANOVA). Results: The PWI group showed a significant increase in HDL-C,
while the HIIT group showed a significant reduction in TC (p<0.05). On the other
hand, the PWI+HIIT group showed significant improvements in lipid profile (TC, TG
and HDL-C) (p<0.05). Conclusion: A combination of PWI+HIIT intervention may be

effective in improving lipid profile.
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INTRODUCTION

Overweight is a global public health
problem that has a negative impact
on health. Obesity has become a risk
factor for various degenerative diseases,
such as coronary heart disease, type
2 diabetes mellitus and osteoarthritis
(Aronne & Isoldi, 2007). The prevalence
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of overweight has increased in recent
years. Therefore, many efforts are
required to keep weight within the
normal range. In 2016, there were 39%
of adults (39% men and 40% women)
who experienced overweight and 13%
who were obese; meanwhile, over 340
million children and adolescents were
overweight and obese (WHO, 2016).
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Based on the data taken from the
Indonesian National Basic Health
Research (RISKESDAS) in 2018, the
prevalence of obesity in adult men and
women in Indonesia were 21.8% (NIHRD,
2018). The prevalence has increased
when compared with data from the same
resources in 2007 and 2013 (NIHRD,
2018). Some of the causes of overweight
and obesity are high consumption of
energy-dense foods and lack of physical
activity (Popkin, Adair & Ng, 2017).

A combination of exercise and diet
is the most effective way to optimise

improvement in nutritional status
(Gaesser, Angadi, & Sawyer, 2011).
Previous research has shown that

regular aerobic exercise can improve
cardiometabolic risk profile such as
increasing high-density lipoprotein
cholesterol (HDL-C) levels and decreasing
the levels of total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C),
and triglycerides (TG) (Stiel, 2013). One
of the exercises that can help in lipid
profile management is High-Intensity
Interval Training (HIIT) (Gripp et al.,
2020). HIT is a cardio exercise that
can improve fitness and maintain body
composition through short duration,
high-intensity trainings (Kessler, Sisson,
& Short, 2012).

Consuming adequate amount of
water is highly recommended as one
of the efforts to maintain and control
weight. Studies have shown that
regular water consumption provides
metabolic stimulation, such as the
thermogenesis process (Buschmann
et al.,, 2003). A previous study showed
that the consumption of plain water
was associated with weight loss and
decreased energy intake (Stookey et al.,
2007). Another study indicated that
overweight and obese adult subjects lost
weight by consuming two cups (500 mL)
of plain water 1-2 hours before mealtime
(lunch and dinner) (Dennis et al., 2011).
Therefore, taking pre-meal water to
reduce meal energy intake can be an

effective weight control strategy (Jeong,
2018).

Based on these several studies, the
researchers of this study were interested
in studying the combination of plain
water intake (PWI) and HIIT intervention,
and their effects on lipid profile (TC, TG,
HDL-C, and LDL-C). This study aimed
to analyse the efficacy of HIIT, pre-
meal water consumption (PWI), and a
combination of both interventions on
lipid profile in overweight and obese
students.

MATERIAL AND METHODS

Design and subjects

The study was a pre-post experimental
study with three intervention groups.
This research was conducted from
October 2014 to April 2015 at the
Sport Nutrition and Nutritional Status
Laboratory, IPB University. Participants
were recruited from the student
population at IPB University, Indonesia.
Twenty-seven overweight and obese
students (five men and 22 women)
were randomly selected to participate
in this study. Inclusion criteria were:
Individuals who were (a) overweight and
obese with a body mass index (BMI)
>25 kg/m?, (b) aged 18-23 years, and
(c) not active smokers. The exclusion
criteria were those who: (a) consumed
weight loss supplement(s), (b) consumed
alcohol, and (c) suffered from illnesses.
All subjects willingly participated in the
study by signing a prepared informed
consent form. The study protocol was
approved by the Ethics Committee of
the Faculty of Medicine, University
of Indonesia (Number 572/UN2.F1/
ETHICS/2015).

Measurement of anthropometric and
biochemical indices

Anthropometric measurements included
body weight (kg), height (cm), body mass
index (BMI) (kg/m?), percentage of body
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fat (%), and total body water (TBW). Body
weight (kg) was measured by Vakind®
Portable scale, while BMI (kg/m? and
percent body fat (%) were measured
by Body Composition Monitor Omron
(HBF-516B). Venous blood samples were
collected in the morning (07.00-08.00
am) by specialised nurses, after 8-12
hours of fasting. Lipid profile components
consisting of TC, TG, HDL-C, and LDL-C
were measured by using the enzymatic
calorimetric method (Cholesterol CHOD-
PAP and Triglycerides GPO-PAP).

Nutrient intake

Dietary intake was recorded at week
0 and week 8 for two days each week
(on weekend and weekday) using a 24-
hour dietary recall. Habitual beverage
consumption was estimated by a
registered nutritionist utilising a food
frequency questionnaire. Beverage intake
during the intervention was divided into
water intake and energy intake from
carbonated drinks, electrolytes drinks,
coffee or tea, juice or fruit juice, and
milk. Nutrition composition such as
energy, protein and fat was assessed
before and after the interventions. This
study employed the Indonesian Food
Composition Table (TKPI) to calculate
for nutrients intake from foods and
beverages.

Intervention

The duration of intervention administered
for each group was two months. Different
treatments were given for each group:
pre-meal water consumption (PWI
group, n=9) in the first group, HIIT (HIIT
group, n=9) in the second group, and a
combination of PWI and HIIT (PWI+HIIT
group, n=9) in the third group. PWI
intervention was given to subjects by
managing the pattern of plain water
consumption; that was, drinking a 600
mL bottle before each mealtime with a
total water intake of 1.8 L/day despite
the fact that 1.5 L/day, 30-50 minutes

before each meal has been regarded as
effective (Davy et al., 2009). Plain water
intake was set as follows: one bottle
of 600 mL water before each mealtime
(breakfast, lunch and dinner) ad libitum
during the intervention period.

HIIT intervention was given 3
times/week (70-85% of HR-max) for
18 minutes each session (Eather et al.,
2019). Heart rate (HR) was measured by
a smartphone application. A recorded
video was utilised to ease the subjects
in following the HIIT movements. The
HIIT training protocol was divided into
three parts: warm up, four sets of
20-s body weight HIIT workout with
10-s rest (broad jumps, squat jump,
switch foot jumps, and squad jumps
squad) and cool down. Training intensity
was gradually increased during each
exercise.

The compliance of subjects towards

PWI and HIT interventions was
monitored during the study. Supervision
through in-person interviews was

conducted to figure out what the
subjects were experiencing during the
interventions. Each subject consumed a
total of 84 bottles of water per month,
and underwent three times/week of HIIT
intervention.

Statistical analysis

Data analyses were performed gradually,
starting from the data collected in the
field and from questionnaires, until they
were ready to be analysed. The data
obtained from the field or questionnaire
were through several stages: editing,
coding, and entry stages. Univariate
analysis was performed to determine
the data distribution descriptively. Mean
values before and after the interventions
in all ratio data (nutrient intake,
nutritional status, and lipid profile)
for the three intervention groups were
analysed by applying paired sample
t-test. Meanwhile, Analysis of variance
(ANOVA) was utilised to compare the
means of nutrient intake, nutritional
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Table 1. Subjects’ characteristics based on intervention groups

Characteristics PWI (n=9) HIIT (n=9) PWI+HIIT (n=9)
Men/women, n 1/8 2/7 2/7
Age (year) 19.9+0.6 19.8+0.4 19.5+£0.9
Weight (kg) 69.7+19.0 62.6%6.5 63.619.6
BMI (kg/m?) 26.6%3.6 25.9+2.4 25.7+3.4
Percent body fat (%) 22.5%£8.9 24.6+£5.6 24.8+7.1
Total body water, TBW (L) 36.0+6.5 34.8+5.2 35.3+7.3
Total cholesterol (mg/dL) 180.8+30.8 190.3+13.0 178.7+21.8
Triglyceride (mg/dL) 91.5+22.4 84.5+32.4 88.3+26
HDL-C (mg/dL) 51.5£10.4 56.8+11.0 57.5+8.2
LDL-C (mg/dL) 111.628.2 111.0£11.5 101.7+15.3

Data are presented in mean+SD

status, and lipid profile among the three
intervention groups.

RESULTS

The subjects of this study were 27
people ranging from 17-19 years old.
The mean age for each group were
19.940.6 years old (PWI group), 19.8+0.4
years old (HIIT group), and 19.5+0.9
years old (PWI+HIIT group), respectively.
Lipid profile described that TC found
in the HIIT group was higher than the
others. Subjects’ characteristics based
on intervention groups are presented in
Table 1.

Types of beverages and the amount
of water intake were analysed in this
study. The types of beverages analysed
were plain water, carbonated drinks,
electrolytes drinks, coffee and tea,
juice or fruit juice, and milk. Mean
consumption of plain water in the
PWI, HIT, and PWI+HIIT groups were
2300737 mL, 1752+791 mL, and
2500719 mL, respectively. Water intake
and energy intake from beverages in
the PWI+HIIT group was higher than
the other groups. Total water intake
and energy intake according to types
of beverages consumed are shown in
Table 2.

Percent body fat (PBF) and BMI of
the PWI+HIIT group showed the most
significant decrease of -4.1%4.7% and
-0.05£3.3 kg/m?. Based on ANOVA, there
was no significant difference in PBF and
BMI among the three groups. However,
based on paired t-test for before and
after intervention, there was a change
in PBF and BMI in the PWI+HIIT group.
Energy intake of the PWI group was
1964+527 kcal, 1933+248 kcal for the
HIIT group, and 2002+563 kcal for the
PWI+HIIT group. Protein intake for the
PWI group was 52.4%£15.1 g, 50.5+14.6
g for the HIIT group, and 46.2+12.5 g
for the PWI+HIIT group. There was no
significant difference in nutrient intake
(p>0.05).

After an eight-week intervention, it
was shown that HDL-C of the PWI group
significantly increased and TC of the HIIT
group significantly reduced (p<0.05).
Compared to the other groups, PWI+HIIT
group had a significant decrease in TC
and TG, with improved HDL-C (p<0.05).
The average nutrient intake, nutritional
status, and lipid profile of the subjects
at baseline and after eight weeks of
intervention are presented in Table 3.
After the intervention, the compliance
of the three intervention groups had an
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Table 2. Water and energy intake from beverages based on intervention groups
Water and energy intakes from beverages
PWI HIT PWI+HIT
Beverages Water Energy Water Energy Water Energy
intake intake intake intake intake intake
(mL) (keal) (mL) (keal) (mL) (keal)
Plain water 2300737 0 17524791 0 2500£719 0
Carbonated drinks 183+173 80+77 94+69 231+159 99+73 231+159
Electrolyte drinks  244+187 63156 255%£195 6960 220+170 54+54
Coffee or tea 110+142 55+72.6 95+125 60184 175£170 117+126
Juice or fruit juice 100+61.2 43144 120+63 35+£20 6084 29+42
Milk 1274148 62165 105+44 34+41 80+71 29+38
Total 3063+798 303+101 25584737 292+143 3262+635 328+156

Data are presented in mean+SD

adherence rate of >90% (PWI: 98.8%;
HIIT: 98.1%; PWI + HIIT: 97.7%).

DISCUSSION

Health experts commonly recommend
consuming eight glasses of water
to maintain health and well-being.
Consuming more water than normally
consumed at mealtimes (breakfast,
lunch and dinner) under dietary
recommendations can reduction in meal
energy intake (Jeong, 2018). Another
recommended and suggested action to
maintain health and fitness is by doing
physical activity. Doing physical activity
for at least 150 minutes of at least
moderate intensity per week is highly
recommended to maintain health.

HIIT is a cardio exercise that combines
high-intensity exercise with moderate or
low-intensity exercise within a specific
time or interval, which takes about four
to six minutes on average. The duration
for HIIT is very diverse, with an average
of 15-20 minutes, depending on the
duration of warm-up, workout, and
cool-down sessions. In this study, the
duration of HIIT was 18 minutes. Hence,
it is preferable and favourable because
it improves fitness more quickly, takes a

relatively shorter time, and is more fun.
HIIT is also a physical exercise that is
modified for individuals with different
fitness levels and special conditions,
namely obesity and diabetes. It has been
shown to effectively reduce the risk of
injury and decrease glucose intolerance
in obese women with diabetes (Madsen
et al., 2015). It is one of the physical
and cardio exercises that can improve
nutritional status and health.

Characteristics of HIIT makes it a
form of strenuous exercise; whereby
its Excess of Post-Exercise Oxygen
Consumption (EPOC) provides an extra
6-15% of energy expenditure during
exercise (Laforgia, Withers, & Gore, 2006).
A study showed that the contribution
of EPOC to facilitate weight loss can
result from calorie restriction (Tucker,
Angadi & Gaesser, 2016). Results from a
previous study showed that losing body
weight by 5% had a positive impact on
the decrease of TC and TG levels (Fayh et
al., 2013). Efforts to improve nutritional
status can be more effective if they are
applied with a combination of diet and
physical activity.

Improving nutritional status can also
be done by managing food and beverage
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consumption. The relationship of water
intake with overweight is independent,
just like factors such as physical
exercise, smoking status, cigarettes
utilisation, and energy intake. The effect
of water intake and water balance could
be wuseful for preventing overweight
and obesity (Garcia et al., 2019). It has
been shown that pre-meal plain water
consumption of 500 mL and hypocaloric
diet led to weight loss in obese adults
(Davy et al., 2009). This indicates that
the mechanism of water intake before
each meal to control nutrient intake
may potentially prevent obesity (Daniels
& Popkin, 2010). Based on the results of
this study, pre-meal water consumption
of 600 mL and HIIT reduced nutrient
intake by <5%. Meanwhile, the results
from a previous study showed that
HIIT intervention improved VLDL-C
(Campbell, Wallman, & Green, 2010).
Furthermore, HIIT was also reported to
be beneficial to increase HDL-C levels,
improve nutritional status, and maximal
oxygen uptake (VO,max) (Nalcakan,
2014).

Increased HDL occurred in all
intervention groups, with the PWI
group at 6.7+6.6 mg/dL, HIIT group at
5.7+6.0 mg/dL, and PWI+HIIT group at
6.6+6.2 mg/dL. However, the PWI group
and PWI+HIIT group were significantly
different (p<0.05). Results of a previous
study showed that the HDL-C levels
(mg/dL) in adolescents who were given a
12-week intervention increased by 9.7%
(mg/dL), but there were no changes
in their TC levels (mg/dL) (Tjenna et
al.,, 2008). Based on the review of 13
research studies regarding HIIT, HDL-C
level (mg/dL) would increase after
intervention if its level at baseline was
very low, with a minimum duration of
eight weeks intervention (Kessler et al.,
2012). When compared to the results in
this study, HDL-C levels was increased

by 10% after a duration of eight weeks
intervention.

In comparison with a study in Taiwan,
it was found that aerobic exercise and
badminton were also associated with
higher HDL-C levels (Nassef et al., 2019).
HIIT workout has been proven successful
in reducing fat in the abdominal section
of young women within 15 weeks (Trapp,
Chisholm & Boutcher, 2007). The
results of this study were in accordance
with a previous study presenting that
HIIT intervention for 12 weeks in obese
adolescent boys, with an intensity of 80-
95% maximum heart rate, for 20 minutes
could reduce total body fat, abdominal
fat, and improve fitness (VO,max)
(Heydari, Freund & Boutcher, 2012).
In fact, a study on the effect of aerobic
exercise with different intensities and
methods showed that HIIT was proven
effective to increase aerobic fitness
(VO,max) by 6-8% (Byrd et al., 2019).
Besides that, HIIT intervention was also
proven effective to improve strength,
cardiorespiratory fitness, and lower TG
levels in physically active men (Cuddy,
Ramos & Dalleck, 2019).

However, not all HIIT interventions
can improve lipid profile in the body.
A previous study showed that HIIT
intervention could not improve the levels
of blood lipid profile (TC, TG, HDL-C, and
LDL-C), but it might increase subjects’
aerobic capacity. The researchers in
that study explained that the weakness
of their study lied in a relatively short
duration of intervention (12 weeks) and
small number of subjects (Ouerghi et
al., 2014). If compared to the eight-week
duration of this study, PWI and HIIT
intervention had been able to improve
the levels of lipid profile (TC, TG, and
HDL-C) in the body, except for LDL-C
levels. Changes in lipid profile values in
the body are affected by many factors,
including age, diet high in saturated fat
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and cholesterol, genetics, hormones,
body weight, level of physical activity,
and other diseases.

Combining various physical
activities such as HIIT, endurance
training, and low-intensity training is
one of the strategies to maintain health
and improve nutritional status. A study
showed that HIIT was proven to be more
effective in improving lipid profiles and
keeping blood pressure in the normal
range compared to other interventions
(Paoli et al., 2013). A recent study has
also found that water pre-loading before
main meals may be effective as a weight
loss strategy in adult obesity (Parretti et
al., 2015). In this study, the combination
of PWI +HIIT group intervention was
proven to be more effective in improving
the levels of lipid profile (improved 8 mg/
dL of HDL-C, reduced <14.6 mg/dL of TC
and <135 mg/dL of TG) when compared
to the PWI group (improved 7.8 mg/
dL of HDL-C) and HIIT group (reduced
9.7 mg/dL of TC). However, there was
no significant difference between lipid
profile among the three groups by
ANOVA (p>0.05).

Review of several studies on the
effect of the provision of drinking water
on weight loss showed that the results
had not been consistent. Therefore, in
future studies, it is recommended to
increase the number of subjects and use
a longitudinal study design so that the
results can be applied to the population.
This study has some weaknesses, namely
the short duration of intervention,
the absence of a measurement for
hydration status, and the small number
of subjects. Most study results focus
on the process of improving nutritional
status by doing exercise and following
a specific diet. Therefore, health and
fitness need to be maintained in optimum
condition by engaging in exercise and
practising healthy food habits, as well

as increasing one’s motivation. It must
be continuously done (sustainable),
especially in overweight and obese
adolescents.

CONCLUSION

A combination of PWI and HIIT may be
effective in improving the lipid profile
of obese and overweight students.
The intervention decreased the levels
of TC (mg/dL) and TG (mg/dL), while
improved HDL-C. For further studies,
inflammatory biomarkers and other
fitness components such as speed,
flexibility, strength, and endurance can
be added as variables.
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