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Abstract

Water is an essential compound and most of body organs depend on water to work properly. No study on
exclusively drinking water consumption was reported in Kingdom of Saudi Arabia KSA and hence the present
study was carried out to assess drinking water consumption pattern among female college students in association
with percent body water, proximate nutrients and BMI. A cross sectional study was conducted in Princess
Nourah bint Abdurrahman University. The participants enrolled were 180 students in the age from 18-25 years.
Mean water and proximate nutrient intake was collected through questionnaire and selected body composition
variables was assessed through Seca body composition analyzer. The study results revealed that the subjects
consumed plain drinking water less than their DRI (2.7L/day), and the percent deficit was 93%, 111% and 105%
for first day of the week, mid-day and end of the week respectively. The mean consumption in liters was
1399+729.9, 1277.7+681.8 and 1315.5+£669, respectively. There was a positive relationship between drinking
water consumption and percentage body water with p-value 0.9155 which is not significant. The mean water
intake was not strongly correlated with BMI with r-value of 0.0425. Total body water has a negative relationship
with energy, carbohydrates and fat, and positive with protein which are weak correlations and not significant.
The participants are consuming less water than their requirements, although they are aware about the water
benefits to their health. This study is first of its kind in KSA and will give an insight in framing intervention
policies to enhance the water intake.
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Introduction

Water is an essential compound for all organisms. Water covers more than two-thirds of the earth’s surface.
Water composition is two hydrogen atoms and one oxygen atom. Body cannot survive few days without water.
Human body mass contains 50-60 % of water. All the organs in body have water, but percentage varies from
organ to another due their function. Brain has 74.5%, muscles 76%, kidney 83%, blood 83%, bones 22%, and
skin 70% [, Infant body consist 75 % of water, and 55% of elderly body weight consist of water, and it is
important for cellular homeostasis and life 1. Water requirement changes according to many factors like age,
gender, climate, degree of physical activity, and illness. Established Dietary Reference Intake DRI values are
based on water obtained from plain drinking water, water from other beverages, and water from foods 1.
Adequate intakes for water are defined based on observed water intakes in various population groups’ desirable
water volumes per 1000 kcal, and desirable osmolality values in urine El. General requirement for adults is 3.7
liters per day for male, and 2.7 liters per day for female ™I,

Most of body organs depend on water to work properly. Drinking plenty of water will helps body to control
temperature, waste excretion, prevent constipation, and achieve many other important functions. Average
drinking water consumption in UK was 1.138 liters per day I, in USA men consumed an average of 3.46 liters
per day, and women consumed 2.75 liters per day [¢1. According to the literature review all the studies focused on
the total fluid intake in general and water as a therapy for reducing weight. Epidemiological data suggest that
water may have different metabolic effects when consumed alone rather than as a component of flavored,
sweetened or caffeinated beverages, but available evidence remains inconclusive '), Drinking plain water instead
of caloric beverages helps to reduce dietary energy density, and may contribute to the regulation of bodyweight
8. Some studies have also suggested that consumption of plain water is associated with better diets and better
health behaviors [°l. No studies have investigated Total Water Intake and its adequacy amongst adults in the
Middle-East, a region that is characterized by a hot climate, a high prevalence of dietary inadequacies in young
adults and one of the highest burdens of overweight and obesity in KSA. There are no studies focusing on the
plain drinking water among Gulf countries.
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In this context, our study will be first of its kind to assess the pattern of drinking water consumption in
association with percent body water, proximate nutrients and BMI. The aim of our research is to study the water
intake among Princess Nourah University, Health and Rehabilitation Sciences college students and assess the
association among water consumption, percentage body water, nutrient intake, and BMI. It is hypothesized, that
drinking water consumption among University students is less compared with DRI and there is a relation with
percent body water. The present study will give a preliminary database on the drinking water consumption
pattern. This study results will help future researchers to plan intervention or awareness programs to the studied
population based on the outcome of the study.

Methodology

This study was a cross-sectional study with a total sample of 180 university women students, since the university
is women’s university. A subsample for dietary intake (n=30) and for body analyzer (n=60) was recruited for the
study from the total sample. Data was taken from a self-administered structured questionnaire by google forms,
along with body composition analyzer, and 24 hr recall. The seca mBCA 515 is a medical Body Composition
Analyzer, which is ideally adapted to the working conditions in hospitals and medical practices. The machine
gives a truly meaningful BIA measurement (bioelectrical impedance analysis), with many technical paramaters.
In addition to height and weight, additional parameters such as fat mass, body water, and muscle mass will assist
your diagnosis or recommendation for therapy. Questionnaire includes: Demographic profile (Name, age, level
of study...etc.); Drinking water consumption (Quantity, weather affects, etc.); Reasons for drinking water (Type
of water, quality, etc.); Relation between health and drinking water consumption (Negative health conditions,
reducing weight, etc.). The 24hr recall includes: Actual water intake in spring and moderate climate was assessed
to know the consumption of drinking water. Body composition analyzer (Seca), was used to measure the weight,
BMI, body water percentage, fat percentage.

Data was entered and processed before the analysis. Missing data was not computed for analysis. Data analysis
was carried by SAS/JMP for descriptive and analytical statistics. JMP (pronounced "jump")isa suite of
computer programs for statistical analysis developed by the JMP business unit of SAS Institute. Numerical data
was analyzed for descriptive statistics and frequency tables which were used to calculate the drinking water
consumption pattern. Relationship and Associations for categorical variables were carried out by Chi-Square,
Analysis of variance. All the tests were considered significant if the p-value is<0.05.

This study was conducted after ethical approval by IRB using 24 recall, self- administered structured
questionnaire, and body composition analyzer. There was no personal information that was taken from any of the
participants. All participants were provided with a consent form before starting the data collection that gave them
the information about the study and its aim as well as the option to refuse or to take part in the study.

Results

The age of the sample for the present study ranges from 18 to 25 years. The drinking water consumption pattern
of the sample was presented in Table 1 and it is evident that 72.2% of students responded that they prefer to
drink water than any other fluid. Regarding water consumption approximately 58.3% responded that they
consumed 1-3 bottles of 330 ml each, followed by 27.8% consumed 4 to 6 bottles. Out of the total sample 53.3%
preferred to take coffee or tea apart from water, followed by juice 29.4%, Milk 9.4% and soft drinks 7.8%
respectively. About 91% of the sample felt that they must consume more water than what they are consuming. In
summer season, 53.9% i.e. half of the sample reported that they consumed 4-6 bottles.

As shown in Figure 1 the higher percent of consumption i.e. 26% and mean 360mL was observed at morning for
first day of the week. The same pattern was observed for the other two days of the week i.e. mid and end of
week. A significant change for the rest of the day was not observed for the remaining occasions for all the
observed days in a week (afternoon, evening, at night). The lowest consumption was before sleep for all the three
days was observed which were 187.7 mL, 178.8 mL and 183.3 mL respectively. The mean intake of total
drinking water consumption for first day is 1399+729.9 mL, 1277.7+681.8 mL for mid-day and 1315+669 mL
for week end respectively which is evident from table 3. The percent deficit of water consumption when
compared with DRI (2700 mL for women per day) was more for mid of the week 111%, followed by week end
105% and first day of the week 93% respectively.

It is evident from Table 2 that there is a significant difference between the DRI and mean intake of drinking
water by the studied sample. The ’t’ value was 23.91 (p-value <0.00001) for first, 27.98 and 27.83 for mid and
week end days of the week. The difference was statistically significant for all the three days when compared with
DRI. The study results reveal that there was no significant difference between the drinking water pattern
distribution and also between the days of the week. This is evident from chi square value of 10.3966 and also p-
value 0.2382 from Table 3. The mean for the energy intake of the subjects from table 4 is 1328 kcal/day which is
low when compare it with Estimated Energy Requirements (EER) for their age group. The meanSD for
carbohydrate, protein and fat intake by the subjects are 179 + 59, 55 + 23, 43 £ 15 g/day respectively, and when
compared with the DRI, their intake is mostly in the same range.

Table 5 shows the association between BMI and total water intake in 3 days with selected body composition
variables. The R-value of selected body composition variables are -0.9056, - 0.8904, 0.9613, 0.8684, 0.9718,
0.7599, - 0.9316, 0.8349,0.7732, 0.5221, 0.0140 and 0.0945 for total water percentage, extracellular water
percentage, fat mass, fat mass percent, fat mass index, fat free mass kg, fat free mass percentage, Fat Free Mass
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Index (FFMI), Skeletal Muscle Mass (SMM), visceral fat respectively. BMI has a negative correlation with total
water percentage, extracellular percentage and fat free mass percentage. All the selected body composition
variables in relation with BMI, have a significant p-value (<.0001).
Table 6 shows that there is an association between energy and water intake. The r- value for the total body water
percentage and extracellular water are -0.1858, -0.1854 respectively. The same association comes with
carbohydrate and water intake. The r- value for the total body water percentage and extracellular water are -
0.2250, - 0.2384 respectively, which mean that whenever the water intake increases, the energy and carbohydrate
intake reduced. Both total body water and extracellular water percentage have a negative relationship with fat
intake with r-value of -0.1665, and -0.1730 respectively. Protein has a positive relationship with total body water
and extracellular water with r-value of 0.1830 and 0.1340 respectively. The correlations for total body water and
extra cellular water percentage with the proximate nutrients are not statistically significant. The same trend was
observed for the mean water intake and BMI with r- value of 0.0425 and with non-significant p-value (0.7471).

Table 1: Descriptive statistics in percentage for the drinking water consumption pattern (n=180)

S.NO Question Number| Percentage %
1 Do you prefer to drink water than any other fluid?
Yes 130 72.2
No 50 27.8
2 How many bottles (330 ml) of water do you drink per day?
13 105 58.3
46 50 27.8
69 18 10
More than 9 7 3.9
3 If you do not take water what your preference of drink?
Juice 53 29.4
Soft drinks 14 7.8
Milk 17 9.4
Coffee-tea 96 53.3
4 Do you feel you should be drinking more water than you currently do?
Yes 163 90.6
No 17 94
5 In summer, how many bottles (330 ml) of water you drink?
13 41 22.8
4 6 97 53.9
69 27 15
More than 9 15 8.3
6 In winter, how many bottles (330 ml) of water you drink?
13 120 66.7
4 6 41 22.8
69 15 8.3
More than 9 4 2.2

Table 2: Comparison between the mean consumption of water of each day with DRI (n=180)

S.No Content MeanzSD (ml/day) DRI t-value p-value
1 First day of the week 1399+729.9 23.91 <0.00001"
2 Mid-day of the week 1277.7+681.8 2700 ml/d 27.98 <0.00001"
3 End day of the week 1315.5+669 27.83 <0.00001"
Table 3: Comparison between the total water intake and water intake distribution n=180)
At morning | Afternoon Evening At night Before sleep Chi-square | p-value
Mean=SD MeanzSD MeanzSD | Meant SD Mean+SD
Day 1 | 360+219.9 | 292.2+215.9 | 294.44247.8 | 264.4+207.8 | 187.7+177
Day 2 | 276.6+220.9 | 298.8+206.5 | 268.8+234.7 | 254.4+219.5 | 178.8+163 10.3966 | 0.238287NS
Day 3 | 287.7+210.5 | 288.8+199.6 | 275.5+222.8 | 280+203.4 | 183.3+181.7
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Fig 1: Mean of water intake distribution in week by the sample (n=180).

Table 4: Mean, Standard deviation and DRI for proximate nutrient intake (n=30)

Content Energy (Kcal)|Carbohydrate (g)| Protein (g) Fat (9)
Mean+SD 1328 + 379 179 £59 55+ 23 43+15
Estimated Energy Requirements 2200* 130* 46* (25-35 %)*

* Krause’s Food & the Nutrition Care Process, (2014) (12)

Table 5: Correlations between total drinking water consumption, BMI and selected body composition analysis
of the subjects (n=60)

Variables

Correlation "'r -value" p-value

Total body water percentage - 0.9056 <.0001*

Extracellular water percentage - 0.8904 <.0001*

Fat mass 0.9613 <.0001*

Fat mass percent 0.8684 <.0001*

BMI Fat mass index 0.9718 <.0001*
Fat free mass Kg 0.7599 <.0001*

Fat free mass percentage -0.9316 <.0001*

FFEMI 0.8349 <.0001*

SMM 0.7732 <.0001*

Visceral fat 0.5221 <.0001*

Total water Total body water percentage 0.0140 0.9155 NS
intake in 3 days Extracellular water percentage 0.0945 0.4724 NS

Table 6: The relationship between total body water and proximate nutrient intake (n=30)

Variables Correlation “R-value “ | p-value
Total body water percentage -0.1858 0.3255NS

E Kcal
nergy (Keal) Extracellular water Percentage - 0.1854 0.3266 NS
Total body water percentage - 0.2250 0.2319 NS

Carbohydrat

arbohydrate (g) Extracellular water Percentage - 0.2384 0.2045 NS
Fat (g) Total body water percentage - 0.1665 0.3793 NS
g Extracellular water Percentage -0.1730 0.3605 NS
Protein (g) Total body water percentage 0.1830 0.3330 NS
g Extracellular water Percentage 0.1340 0.4803 NS
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Discussion

Demographic status, consumption pattern, health and awareness regarding drinking water

Drinking water has heterogeneous effect on body and water consumption and has an effect on energy intake,
energy expenditure and fat oxidation. Studies on the consumption pattern of exclusive drinking water by Saudi
population studies were meager; however the studies focused on the total fluid intake. The factors that affect the
water consumption are age, ethnicity/race, climatic conditions and the health condition of the population. From
the present study it is evident that more than half of the subjects (72.2%) preferred to have water as a fluid rather
than any other source. Plain water intake significantly differed by sex, weight status, vegetable intake, sodium
intake, and physical activity (2014). The proportion of adolescents drinking plain water was less than 2.5
cups/day was the highest among females and who were under normal weight. From the present study it is evident
that more than half of sample (58.3%) consumed about ~1000 ml which is the value perceived and reported by
subjects 101,

The consumption pattern of drinking water from the present study is on par with the Korean study who
consumed 4 cups/day i.e., ~1000 ml/day ["). The preference of drinks other than plain water was reported mostly
(53.3%) for coffee and tea, followed by juice, milk and soft drinks. From a study done in (2016) reported that on
national level 74.1% consumed plain water, followed by Non-dairy beverages with sugar (78.9%), dairy
beverages with sugar (33.2%), dairy beverages without sugar (27.0%), non-dairy beverages without sugar
(10.1%) and natural juices (2.2%) respectively %11, Plain water consumption showed a positive association with
sugar sweetened beverages. In the present study consumption of water intake was mainly focused along in
relation to DRI and % body water, and hence data on other drinks reported was peripheral data.

Most of the subjects in the present study (95%) strongly agreed that drinking water consumption is good for their
health, and this high percentage suggest that the subjects have more knowledge and awareness about the
importance of drinking water consumption for their health. However, the attitude and practicing of drinking
water to reach the DRI will be affected by so many factors which have to be studied in depth. Drinking plenty of
water is commonly recommended in weight loss regimens and a pervious study done in (2014) measured the
effect of drinking 1.5 L of water, over and above the usual intake on body weight, body mass index (BMI), body
fat, and appetite score in overweight female participants. The result of the study revealed that drinking 1.5 L of
excessive water per day than DRI has a role in weight reduction, body fat reduction, and appetite suppression in
overweight female participants !,

A study done in 1996 reported that dehydration can affect the body health by causing urological, gastrointestinal,
circulatory and neurological disorders. In the present study almost all the subjects (93.9%) chosen that
dehydration can cause many health complications when losing high amount of water from the body and the
electrolyte level will be out of balance. Loss of water by vomiting can lead to loss of hydrochloric acid and
sweating can cause a loss of hypotonic fluids [*4l. Over hydration can lead to mortality and several morbidity
problems such as heart failure, urinary tract abnormalities and hyponatremia [*°1, Study done in 2014 stated that
drinking excess water suppresses appetite, thus supporting water as a natural appetite suppressant 1, There was
an 30% increase in energy expenditure after drinking water 2003 [*61. From the present study, it is evident that
most of the studied subjects agreed that there is a relationship between reducing weight and drinking water
consumption.

Water is important in detoxification and elimination of waste components from the body. It is the element in
which many of the toxins are excreted from the body. Drinking plenty of water flushes the body systems and
helps to excrete waste products. From the present study, mostly (77.2 %) agreed that water can be one of the
detoxifying drinks. The salt is absorbed in the body by blood stream, making blood with more sodium and
chloride than it was before, and that makes the fluid outside of the body cells saltier than the fluid inside the
cells. The cells try to attach to water and they send chemical messengers to the brain to feel thirsty 7. From
present study more than half of sample (63.9%) strongly agreed that with salty foods, the need for drinking water
increases.

Drinking water has a glycemic index of zero and an insulin index of zero, and hence water doesn't inhibit the rate
limiting biochemical steps for fat breakdown to free fatty acid, transportation of free fatty acid into the
mitochondria and fat oxidation, like other beverages which contain carbohydrate or trigger insulin 1997 [8],
From present study 30.6% of the sample agreed that there is a relationship between fatty foods and increase the
need for drinking water. The percentage reported from the study was less which can be attributed due to lack of
indepth knowledge regarding the biochemical associations between effect of water and body composition
variables.

Mean drinking water consumption by the subjects

Water consumption was less than the DRI by the sample from the present study. This less intake by the subjects
might be due to lack of knowledge in terms of requirement and satisfying thirst with other drinks and beverages
instead of plain water. The mean with-in day water intake occasions for three days were ranging from
178.8£163ml to 360+219.9ml. The difference between the days and with-in the day water consumption
distribution was not statistically significant from the present study. Consumption per occasion by the subjects is
on par with the study done in 2009 which is 8-10 oz. (approximately 240-300ml) 1, A study was done in 2013
reported that water intake might change due several factors such as sex, age, weight, diet, health status, exercise
condition 2%,
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Drinking water contribution from the total fluid intake for adolescents from a study done in KSA was 37%. From
the present study, if DRI of 2.7L/d is taken as 100%, the mean drinking water intake contributes to about 47%
(1249.97+651.65mL). The remaining contribution can be assumed from soft drinks and caffeinated beverages.
Factors that influence the need for fluid are exercise, high temperature, low humidity and increased fluid loss due
to caffeine consumption [2%-22,

Inter Relationship between Drinking Water Consumption, Bmi, And Selected Body Composition
Variables

In the present study, there is a significant (p-value of < .0001) association between BMI and total water
percentage, extracellular water percentage, fat mass, fat mass index, fat free mass, fat free mass index, skeletal
muscle mass, and visceral fat. A study done in 2016 reported that higher consumption of water was negatively
associated with BMI, body fat, fat free mass, waist circumference, and insulin levels 1. As predicted in our
study that when the water consumption increases, percent water distribution in the body has to increase. There
are no strong correlations between these two variables, because the subjects are not meeting their DRI
requirements. The protein and percent water distribution in body has a positive relationship. This positive
relationship was observed from the present study might be due to the fact that water helps carrying important
nutrients in solution, so that they can be taken up by muscle tissues in the body. Fat molecules are heterogeneous
to water. The present study results show that there is a negative relationship between fat intake and percent water
distribution in body. There is a negative relationship between drinking water consumption and energy intake. A
study in 2005 reported that drinking water can lower energy intake 31, The present study could not reveal a
strong correlation between the mean water intake and BMI of the subjects. This result may be due to factor that
the mean intake was very less than the DRI and also small sample size. These results are not on par with the
study done in 2012 where the referred researcher could find significant correlations between total body water
and indexes of adiposity 24,

Conclusion

The exclusive drinking water consumption among PNU students is less compared with DRI. There is a
relationship between the drinking water intake and total water percentage which is not statistically significant
and this may be attributed to small sample size. The present study results reveal that among energy,
carbohydrate, protein and fats intake by the subjects only protein showed as positive correlation with total body
water and extracellular water percentage. From the present it is evidenced that a strong correlation was not found
between mean water intake and BMI. When BMI was compared with selected body composition variables, it
showed a negative correlation with total body water percentage, extracellular body water percentage and fat free
mass percentage which are statistically significant. The study shows that whenever drinking water consumption
increases the energy, carbohydrates and fat intake will be reduced which is evident by negative correlations.
However, with the protein intake, total body water will increase. The study also revealed that participants are
aware about the importance of water for their health due to their education output.
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