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Abstract

Fluids are necessary for life, but their role in gut health promotion is not fully known. It is essential
to drink water at the proper times to avoid numerous digestive illnesses. Gut health includes the
gastrointestinal (GI) tract, food digestion, absorption, sickness, and immunity. Gastroesophageal
reflux disease (GERD) is a medical illness characterized by symptoms such as acid reflux and
heartburn. Abdominal obesity is sometimes connected with poor hydration intake and Gl tract issues.
In 2016, 1.9 billion individuals were reported to be overweight globally, with 650 million classified
as obese. Water consumption is rarely documented in dietary surveys. The current study aimed to
assess the pattern and frequency of post-meal fluid consumption, as well as the potential relationship
among gut health, abdominal obesity, along with fluid consumption patterns. It was a survey-based
study in which 268 persons were randomly selected to complete a food frequency questionnaire
(FFQ). A web-based survey was used to collect information about eating habits, fluid intake,
anthropometric measures, and lifestyle. The data was examined using SPSS software to determine
the level of significance. The frequency distribution was verified, and chi-square tests were run on
the data. The findings demonstrated a strong correlation between intestinal health, abdominal
obesity, and post-meal fluid intake. Obesity was shown to be significantly associated with intra-
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meal fluid intake. There was also a considerable correlation between the intake of sugar-sweetened
drinks. To have a better knowledge of the relationship between dietary habits, obesity, and gut
health, further research is encouraged.

Key words: Abdominal obesity, gut health, fluid intake, GERD, Gl tract

1. Introduction:

The impact of various beverages on health is a growing field of study, as the human body requires
60% water for survival 1.Drinking water after eating is crucial to prevent gastrointestinal infections
caused by microorganisms, and the best time to do so is after some time has passed since eating [2].
Dietary surveys often lack information on water intake and hydration status. Drinking 500 mL water
before meals can reduce postprandial hypotension. Meal-related factors, including water availability,
moderate portion size and can help alleviate obesity by promoting gastrointestinal microbiome
composition [3, 4, 5, 6].

Gut health refers to positive gastrointestinal tract characteristics such as successful food absorption
and digestion, elimination of gastrointestinal illness, a healthy intestinal microbiome, a functional
immune system, and well-being. Diet is the primary factor in forming the gut microbiota. Dysbiosis,
or altered gut bacterial composition, can lead to inflammatory infections and diseases [7].
Postprandial distress syndrome (PDS) and epigastric pain symptoms are symptoms of functional
dyspepsia and unexplained epigastric pain [8].

Irritable bowel syndrome (IBS) is a persistent abdominal pain with irregular movements, linked to a
healthy lifestyle, with symptoms including constipation, diarrhea, and mixed stools [9, 10, 11].
Obesity is a global health issue, with 107.7 million obese children and 603.7 million obese adults in
2015. In 2016, there were over 1.9 billion overweight or obese adults worldwide, with over 650
million being obese. In Pakistan, 22.8% of participants were overweight, while in the US, 39.8% are
obese [12, 13]. Abdominal obesity and excessive sugar-sweetened beverages are linked to various
ailments, including diabetes mellitus. Abnormal adiposity increases inflammation in the liver, leading
to increased prevalence of non- communicable diseases [14]. Lifestyle factors, genetics, and
environmental influences also impact body composition [15]. Metabolic disorders like obesity,
diabetes, osteoporosis, and metabolic syndrome (MetS) are prevalent and challenging to treat due to
sedentary lifestyles, inadequate diets, and lack of physical activity [16].

Pakistan faces over-nutrition and under-nutrition challenges, with 8.1% of adolescents aged 5-17
obese and 17% overweight, according to the 2017-18 National Health Survey [17]. The gut, a vital
part of the digestive system, plays a significant role in gut health, encompassing the human gut
microbiome. Upper gastrointestinal symptoms (UGIS) can be a significant economic burden,
affecting healthcare costs [18]. Obese children have distinct gut microbiota compared to healthy
ones, providing a foundation for obesity treatment. Research links gut microbiota and weight gain,
and obesity severity worsens dehydration in children [19, 20].

Low potassium intake and excessive sodium consumption are significant predictors of dehydration.
The presence of liquid in food can alter solid food emptying patterns, and drinking water, a vital
fluid source, has been overlooked in human microbiome research [11, 21]. High-calorie meals cause
endothelial dysfunction, while antioxidant-rich beverages protect against this [22]. Overweight and
obesity are major health issues, with body weight growth influenced by positive energy balances.
Despite increased physical activity, diet-related disorders continue to rise despite dietary
recommendations [23]. Up to 20% of Western individuals suffer from upper gastrointestinal
diseases, with functional dyspepsia and gastroesophageal reflux disease being the most common.
The cause of these diseases is unclear, and medical treatments often fail, leading to high costs and
patient suffering [24]. The study aimed to understand dietary habits, water consumption patterns,
and lifestyle choices affecting gut health. A validated self-administered questionnaire measured
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waist circumference, height, and weigh. This study looked at the frequency and pattern of post-meal
fluid intake, as well as the link between fluid consumption, abdominal obesity, and gastrointestinal
health.

2. MATERIALS AND METHODS

2.1. Study plan and data collection

A cross-sectional survey study was conducted among 268 Pakistani adults aged over 18 years, using
convenience sampling from urban and rural areas. Data was collected through a web survey using a
food frequency questionnaire (FFQ). The sample size was calculated based on a 95% confidence
interval and a 5% margin of error. Abdominal obesity was defined as waist circumference of more
than 88 cm for women and 102 cm for men, while general obesity was defined as BMI of 30 kg/m2.
Participants were asked for informed consent and kept anonymous. The study used a self-
administered questionnaire to gather data on participants' socioeconomic status, demographics,
eating habits, and anthropometric measurements. The questionnaire, which was structured from
March 2023 to April 2023, included questions on demographics, medical history, dietary habits, and
fluid intake patterns.

Individuals inclusion and exclusion criteria
This study included subjects over 15 years old, including those who consumed water, milk, fruit
juice, milk-tea, and sweetened beverages, as these drinks are popular and affect population health.
This study excluded individuals with a history of disease, those taking medications, pregnant or
lactating women, and those under 15 years old.

2.2 Questionnaire design

A standardized, structured qualitative questionnaire for a survey-based study was developed by
reflecting on previous research and organizations, considering content, response burden, and
practical factors. The research paper developed a questionnaire that met the research requirements.
A pre-test was conducted to assess respondents' interpretation and response. A pilot test evaluated
the questionnaire's validity and readability. The final survey was tested on ten randomly selected
respondents, adjusted to fit society, and obtained consent from the relevant supervisor before launch.

2.3. Structure of the questionnaire

The questionnaire collected information on IBS, fluid intake, obesity, and intestinal health, using
closed-ended questions, multiple-choice and dichotomous options, and categorizing demographics,
medical history, gut health, and fluid intake. The detailed self-structured questionnaire that was used
for data collection and consists of the following parts:

a) Demographic data
It includes questions about age, gender, smoking status, medical history, social status, and chronic
disease history.

b) Anthropometric measurements

The anthropometric measures included questions on weight, height, and BMI. Participants' weight
was measured using an analogue scale, and their BMI was calculated using a manual conversion
from centimeters to meters. The study categorizes participants as underweight, normal weight, prone
to overweight, and obese. The height was measured without shoes using a calibrated wall-mounted
stadiometer. Participants stood straight with their shoulders, buttocks, and heels in contact with the
wall, wearing only their heads and feet. Height was measured to the nearest 0.1 cm. The BMI metric
formula, weight in (kg)/height in (m2), was used to calculate body mass index (BMI) and evaluate
nutritional status, categorizing individuals as underweight, normal weight, overweight, or obese, in
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accordance with WHO standards. Lin 14 propose waist circumference as a more effective, less
complicated, and affordable alternative to BMI for detecting abdominal obesity.

c) Assessment of dietary habits

Individuals' dietary habits were assessed through various domains, including meal frequency, meal
patterns, intra-meal fluid intake, pre-meal and post-meal fluid intake, and the interval of food and
water intake after a meal.

d) Evaluation of eating patterns

The study examines people's dietary habits by analyzing their daily meal frequency, eating patterns,
fluid intake, fast food consumption, and outdoor meals, gathering detailed information on each
domain to understand their eating habits.

e) Assessment and evaluation of physical activity

The study assessed a person's lifestyle by examining their level of physical activity. It classified
them as sedentary, active, or very active, with sedentary being basic, active being moderate, and
very active being strenuous. Participants were given options for time and intensity of physical
activity.

2.3. Data analysis

The study analyzed data on lifestyle, nutritional, and bowel health indicators, including fiber intake,
using SPSS software. The Chi-square test assessed relevance of post-meal fluid intake, abdominal
obesity, and gut health 25. Descriptive statistics summarized demographic and clinical
characteristics. Primary outcome variables were abdominal obesity and gut microbiome diversity,
while post-meal fluid intake was the independent variable. Linear regression models examined the
relationship between these variables.

2.4. Ethical considerations
The University of Agriculture Faisalabad approved the study, obtained informed consent from all
participants, and ensured confidentiality throughout.

3. RESULTS

3.1 Frequency distribution on basis of medical history and general differences among different
individuals

Table 4.1 displays the gender, age and BMI distribution of 268 individuals, categorized as "Male"
and "Female." The data shows women are more likely to be represented, with 80 males making up
29.9% of the sample, and 188 females, with a gender identification rate of almost 70.1%. The data is
categorized into four age groups: 15-25, 26-35, 36-45, and > 45. The data is categorized into four
groups: "Underweight,” "Normal,” "Overweight," and "Obese," with 25 individuals, or 9.3%,
classified as underweight. The respondents' average BMI value of 2.49 indicates a relatively low
BMI, with interpretation varying based on measurement units like kg/m”2 or Ibs/in"2. Table 1
shows 268 people with a 100% cumulative percentage, with rounding possibly causing a small
difference. It provides an overview of educational levels, including Bachelors, Masters, PhDs, and
those below Bachelors.

Table 1. Frequency distribution of BMI, age and gender of individuals under study

Criteria Subject Frequency Percent (%)
% Male 80 29.9
8 Female 188 70.1
g 15-25 195 72.8
< 26-35 56 20.9
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36-45 13 4.9
> 45 4 15
Underweight 25 9.3
s Normal 116 43.3
" Overweight 97 36.2
Obese 30 11.2
5 Bachelors 115 429
§ E Masters 114 425
i PhD 15 5.6

Less than Bachelors 24 9

Figure 1 shows the distribution of people in a sample based on their medical status, with 17.9%
having a medical problem and 82.1% not. The information is divided into "Yes" and "No"
categories, with "1™ indicating the presence of a condition and "2" indicating the absence. A total of
134 individuals, or 50.0% of the sample, reported stomach or digestive issues, with half reporting
none, indicating an evenly split distribution in the sample. 41.4% of individuals recently gained
weight, while 58.6% did not, indicating a significant portion of the population has experienced
weight gain. A sample of 93 people reported gaining weight around their waists, while 65.3% of the
total did not, indicating a significant weight increase in the area. The study found that 24.6% of the
participants experienced stress due to weight gain, while 75.4% did not feel stressed due to weight
gain. The study found that a majority of individuals (74.3%) drink water before a meal, while a
smaller proportion (25.7%) do not. Between meals, 75.7% of the population drinks water, while
24.3% do not. After meals, 57.1% of the population drinks water, while 42.9% do not. The majority
of individuals do not drink water after a meal. The data suggests that hydration is crucial for overall
health. The study found that 58.4% of the sample felt bloated, while 42.2% did not, and 59.7% felt
gassy. The remaining 40.3% did not feel gassy, with a total of 155 individuals reporting bloating,
113 not feeling bloated, and 108 not feeling gassy.

Post-meal water consumption = = Yes
Intra-meal water consumption __
Pre-meal water consumption __
Gut Issue Stress F
Weight gain stress F
Weight around waist ?
Recent weight gain =
Stomach/Gut issues =
Medical Condition [ —
0 50 100 150 200 250

Figure 1. Frequency distribution of various medical issues related to obesity/weight gain
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3.2. Chi-square analysis of different frequency distributions

The study found a significant association between gender and the prevalence of medical conditions,
with a p-value of 0.028 and a Chi-square value of 4.85. However, more information on specific
conditions and their distribution among genders is needed for a comprehensive interpretation. A
significant association was found between gender and the prevalence of gut diseases such as
diarrhea, constipation, irritable bowel syndrome, and lactose intolerance. Table 2 indicates different
parameters that are linked together with the health and well being of an individual. The p-value of
0.014, which is below the 0.05 threshold, indicates a significant relationship between gender and the
prevalence of these conditions. The Chi-square value 12.51 indicates that gender may play a role in
the occurrence of these conditions. However, further investigation is needed to understand the
nature of this relationship and identify potential underlying factors.

Table 2. P value and Chi-square values for different parameters under study

Variable P value Chi-Square
Medical condition 0.028* 4.85
Gut Diseases 0.014* 12.51
Emotional well-being 0.000** 18.76
Medical Condition 0.000** 19.04
Post meal water intake 0.044* 8.09
Feeling of fullness 0.007** 12.08
Post meal water intake 0.06 NS 7.22
Feeling of nausea 0.017* 10.23
Irritation in oesophagus 0.05* 7.76
General perception 0.57 NS 1.99
General perception intra meal 0.05* 7.44

*Significant < 0.05, **Highly Significant < 0.001 ,NS Non-Significant > 0.05

The study indicates a significant correlation between body mass index (BMI) and nausea post-meal
water intake in the sample population. A strong association between gender and emotional well-
being, with a p-value of 0.000 was observed. The analysis revealed a strong association between age
and medical condition prevalence with a Chi-square value of 19.04, suggesting age may be a
determining factor.

3.3 Cross-tab analysis for post-meal fluid intake with prevalence of gut issues and obesity

The statistical analysis reveals a significant relationship between "Feeling of gas" and "Post meal
fluid intake," with a p-value of 0.009 indicating a probability of less than 0.01 and a Chi-square
value of 6.773, indicating a discrepancy between observed and expected frequencies under the null
hypothesis. The study found a strong association between feeling of nausea and the factor of heart
burn/GERD, with a p-value of 0.000 and a Chi-square value of 24.276. This indicates a low
probability of obtaining the observed association by chance alone. The Chi-square value of 22.400
measures the discrepancy between observed frequencies and expected frequencies under the null
hypothesis. The p-value of 0.000 is considered highly significant at a conventional significance level
of lower than 0.01.

Vol.31 No.1 (2024): JPTCP (1553-1562) Page | 1558


https://jptcp.com/index.php/jptcp/issue/view/79

Investigating The Relationship Between Post-Meal Fluid Intake, Abdominal Obesity And Gut Health

Table 2. P value and Chi-square values for different parameters under study

Variable P value Chi-Square
Feeling of gas 0.009** 6.773
Feeling of nausea 0.000*** 24.276
Feeling of Heart burn 0.000*** 22.4
Irritation in oesophagus 0.001*** 11.215
Constipation 0.001*** 11.25
BMI/Obesity 0.055* 7.227

*Significant < 0.05, ** Very Significant < 0.01, ***Highly Significant < 0.001

Thus, the findings suggest a strong association between heartburn and GERD in individuals who
consume water after meals. The p-value of 0.001 and Chi-square value of 11.215 indicate a
significant difference in the observed distribution of responses for "Irritation in esophagus™ at a
conventional significance level of 0.05. The p-value of 0.001 indicates a low probability of
obtaining the observed association between variables, while the Chi-square value of 11.250
indicates a significant difference in the observed distribution of responses for "Constipation.” The p-
value of 0.055 indicates a low probability of a significant association between BMI/Obesity and the
variable, but above the 0.05 level. The Chi-square value of 7.227 indicates a moderate difference
between the observed and expected frequencies, indicating a moderate difference in the distribution
of responses for the variable. Cross-tabs show a strong correlation between post-meal fluid/water
intake and gut and stomach issues, and a reasonable relationship between water intake and obesity.

Table 3. Cross-tabs for post-meal fluid intake with prevalence of gut issues and obesity

01 "Do you drink water
Cross-tab after meal?” Total
Yes No
, Yes 81 72 153
Q2. “Do you feel gassy?” No 79 % 115
" . " Yes 44 109 153
Q3. ""Do you drink water after meal? No 67 78 115
" . " Yes 61 92 153
Q4. "'Do you feel heartburn/ acid reflux? No 79 % 115
" T o | Yes 56 98 154
Q5. ""Do you feel irritation in your throat/oesophagus? No 64 50 114
6."D . tination?" Yes 65 87 152
Q6. ""Do you experience constipation? No 73 ) 116
Underweight | 17 8 25
Normal 69 47 116
i 2
Q7. Level of obesity BMI(kg/m?). Over weight | 46 51 97
Obese 21 9 30

4. Discussion

As explained by 10, constipation, diarrhea, or mixed stools are the three subtypes of IBS. According
to Sirasa 26, a lot of factors like nutritious diet, diet diversity and, habits play an important role in
determining the well-being of a person. So it is important to consider other variables and potential
confounding factors that may influence emotional well-being. As mentioned by Vieux 27, in the
study where age groups were formed to check the water consumption patterns for determining
various factors. It is worth noting that the statistical significance of this analysis indicates that age is
a significant factor in the prevalence of medical conditions within the given sample. Due to
insufficient fluid intake, low-intake dehydration affects elderly people frequently Jimoh 28. That
explains the difference in hydration status according to age. In conclusion, the analysis indicates that
there is a significant association between age and post-meal water intake. Results of a study by
Carroll 29 showed that acute changes in hydration status impacted cravings. However, it is crucial to
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interpret these findings with caution and consider other potential factors that may contribute to this
relationship 30. Postprandial distress syndrome can cause bothersome early satiety, post-meal
fullness, belching, and nausea 8. The study performed by Zaribaf 31 found a significant link
between IBS and excessive intra-meal fluid intake. Diet is believed to play a major role in
determining the gut microbiota throughout the course of a lifetime and is causative for various gut
issues 7. The prevalence of acid reflux in a study is found to be much higher in obese and
overweight students, indicating that obesity has a big impact on GERD 32. According to
Raczkowska 15 shift in body composition results from abnormal energy balance. There is a
correlation between lifestyle factors including food and steroid use, as well as hereditary and
environmental factors. The percentage of persons in each activity group, ranging from low activity
to sedentary and very active, depending on their self-rated level of activity within the sample are
presented 33. When dietary deficiencies, sedentary jobs, and a lack of physical activity disrupt
physiological metabolic pathways, metabolic disorders begin to manifest 16. It has been proposed
that a primary management strategy for digestive problems is to establish a healthy living pattern
and refrain from experiencing psychological distress 9. In a survey study that was conducted in six
countries, three different habits of drinking fluids were found, including drinking with meals,
drinking alone, and a type of 'grazing' behavior that involves having many drinks throughout the day.
Most drinking events took place at home 34. Most students drink 5-7 glasses of water each day, but
young people only take 2-4 glasses daily, according to a poll. These findings strongly imply that the
kids are ignorant of the problems caused by drinking less water 33. According to Kanmani 35
drinking water prior to meals can help overweight women lose weight and enhance their quality of
life. The association between fluid intake during meals and overall abdominal obesity was
investigated by Salari-Moghaddam 12 in a survey study that presented a significant relationship.
Among research participants, there is a lot of variance in ingestive behavior 36. The optimum times
for fluid intake are after a while has elapsed since eating, not while or immediately after eating.
Person who drink water an hour after eating rather than immediately before are less likely to
contract germs 2. The prevalence of acid reflux in a study is found to be much higher in obese and
overweight students, indicating association between obesity and GERD 32. Upper gastrointestinal
problems are typically present in the general population 18. A majority of people out of the
population sample did not experienced constipation after drinking fluids after meals. These findings
suggest a strong association between experiencing constipation and consumption of water after
meals 37. The optimal times to drink fluids are not while or immediately after eating, but rather after
a while has passed 2.

5. Conclusion

This study evaluated post-meal fluid consumption patterns and potential associations between gut
health, abdominal obesity, and fluid consumption patterns, using a food frequency questionnaire, to
understand the role of fluids in gut health promotion. This study aimed to explore the relationship
between post-meal fluid intake, abdominal obesity, and gut health in a Pakistani population. The
study used body composition analysis, gut microbiome analysis, and dietary assessment to examine
the potential associations. The majority of participants, 128 or 47.8%, reported no disorders or
symptoms. The second most common condition was constipation, reported by 64 or 23.9% of the
sample. Diarrhea was reported by 24 or 9.0% of the total. Irritable bowel syndrome was claimed by
25 or 9.3% of the sample. Lactose intolerance was cited by seven people, accounting for 2.6% of the
total. 199 people reported drinking water before a meal, accounting for 74.3% of the total. The
majority of people, 74.3%, reported drinking water before a meal, while a lesser minority, 25.7%,
did not. 203 people reported drinking water between meals, accounting for 75.7% of the total. Lastly,
65 people, or 24.3%, reported not drinking water between meals. The study found a strong
relationship between post-meal fluid intake and gut issues and BMI in Pakistan. 153 individuals
reported drinking water after a meal, while 42.9% did not. The findings could help prevent obesity
and manage metabolic disorders in Pakistan, and contribute to understanding the role of post-meal
fluid intake in abdominal obesity. The relationship between education levels and intra-meal fluid
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intake perceptions is complex and requires further research. Factors like cultural beliefs and
practices, as well as specific categories of education, may also influence this relationship. Further
research, including qualitative surveys and additional variables, is recommended for a more
comprehensive understanding.

Conflict of interest: Authors declare no conflict of interest
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