ijhighschoolresearch.org

[JHSR

Correlation Between Modifiable Risk Factors and GERD
Symptoms Among Adolescents in Urban Jakarta

BRESEARCH ARTICLE

Victoria Adelaine Tjie

ACS Jakarta, Cilangkap, J1. Bantar Jati, Setu, Kota Jakarta Timur, DKI Jakarta, 13880, Indonesia; victoriaadelaine@gmail.com
Mentor: Klara Yuliarti, Angelina Clarissa

ABSTRACT: Gastroesophageal reflux disease (GERD) is a common gastrointestinal disease affecting the global population,
though its prevalence and associated risk factors in Southeast Asian adolescents remain under-researched. This study aimed to
examine the prevalence of GERD symptoms among adolescents aged 16-18 years old in urban Jakarta and to investigate their
associations with a selected list of modifiable risk factors, both lifestyle and dietary. A cross-sectional study was conducted using
a self-reported questionnaire distributed via social media platforms and school communication channels with validated GERD
symptom assessment questions, including those that addressed the participants’lifestyle and dietary patterns. The questions were
a simplified version of the widely used GERDQ_questionnaire and were later validated by the research mentors. Associations
between GERD symptoms and corresponding risk factors were analyzed using chi-square tests for 114 participants with completed
questionnaires. As the number of tests run was limited, correction for multiple testing was not applied. GERD symptoms were
observed among a proportion of participants that aligned with existing literature. Out of the risk factors tested, BMI and caffeine
intake showed statistically significant associations with GERD symptoms reported. These findings indicate that GERD symptoms
in adolescents may be influenced by a narrower range of modifiable risk factors than those more commonly reported in adults.

KEYWORDS: Biomedical and Health Science, Pathophysiology, Gastroesophageal Reflux Disease (GERD), Lifestyle Risk

Factors.

B Introduction

Gastroesophageal Reflux Disease (GERD) is a gastrointes-
tinal disorder with a global prevalence of 13.98%." Despite its
relatively high prevalence, there are several gaps in the current
understanding of the condition in adolescents. Most studies
focus on adult populations, despite evidence of GERD affect-
ing growth, quality of life, and long-term esophageal health in
adolescents. To address these gaps, this study aims to investi-
gate the prevalence of GERD symptoms in a sample size of
Indonesian teens (ages 16-18), a group with comparable life-
styles, and analyze their correlation with known risk factors.

Background and Context:

Gastroesophageal Reflux Disease (GERD):

Gastroesophageal Reflux Disease (GERD) is a disorder of
the digestive tract in which acidic gastric contents reflux back
into or beyond the esophagus, resulting in esophagitis and in-
flammation of mucosal surfaces.? Reflux is a normal process
that occurs in healthy individuals and does not cause harmful
symptoms or complications. However, individuals with Gas-
troesophageal Reflux Disease (GERD) experience symptom
persistence and complications that arise from the malfunc-
tioning of the lower esophageal sphincter (LES). The LES is
a high-pressure zone made of esophageal muscle fibers, dia-
phragmatic crura, and the phrenoesophageal ligament. It is
located at the junction between the esophagus and stomach,
and functions to prevent gastric contents, including acid, from
flowing back into the esophagus. This prevents symptoms of

acid reflux, the most common ones being: heartburn, regurgi-
tation, dysphagia, nausea, and chronic cough.

Transient Lower Esophageal Sphincter Relaxation (TLESR):

Under normal conditions, the LES stays tonically contracted
to prevent the stomach contents from flowing back into the
esophagus, briefly relaxing during swallowing to allow food
to pass. Transient Lower Esophageal Sphincter Relaxation
(TLESR) is a mechanism that occurs in all individuals, where
LES relaxation is induced spontaneously without swallowing,
and can last for 10-45 seconds or longer. While it is a normal
physiological mechanism for venting stomach gas from gastric
distention, it can often cause the reflux of gastric and duodenal
fluids.?

AsTLESR is reported to be the main physiological cause for
GERD, it was initially hypothesized that patients with GERD
would have a higher rate of TLESR. However, research done
by Kim ez al. showed that the duration of TLESR and the
length of esophageal shortening did not differ between sub-
jects with GERD and controls.* This concluded that while the
rate of TLESR is similar, patients with GERD lacked certain
motor responses that normally emptied esophageal refluxate
back into the stomach, increasing the frequency and amount
of acid reflux.

Modifiable Risk Factors:

GERD is considered a multifactorial disorder; it is caused
by multiple genetic and environmental factors. In the case of
GERD, the significant risk factors associated are:®
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1. Diet

2. Sleeping patterns
3. Stress

4, BMI

1. Diet:

Dietary habits represent a major modifiable risk factor for
GERD, as common foods can directly trigger GERD mech-
anisms. Following existing studies, it is important to note that
the evidence for dietary triggers in GERD is mixed and highly
individualized, thus highlighting the need for personalized tri-
als and testing for dietary needs. There are 4 primary classes of
foods seen to be the biggest influences.

1.1 High-fat foods

+  Fatty products decrease LES tension, making it less ef-

fective at preventing stomach acid from flowing back
up into the esophagus.® They also delay stomach evacu-
ation irrespective of the volume of the meal, prolonging
the time food and acid stay in the stomach, which pro-
motes further reflux.”

1.2 Acidic/spicy foods

* Acidic and spicy foods cause direct irritation of the

lower esophageal mucosa, which may mimic and thus
worsen heartburn.® Red pepper, in particular, contains
the neurotoxin capsaicin that has been shown to delay
gastric emptying and stimulate mechano receptors in
the esophagus.’

1.3 Caffeine, chocolate, mint

* A study showed that the correlation between ingesting

chocolate and milk and symptoms of GERD shows that
the relationship is individualized.®* While chocolate,
which contains caffeine, theoretically worsens GERD
by causing LES relaxation, a study found that eating
chocolate did not correlate with symptom frequency."
Mint is also known to relax the LES, but in a study,
only a small subset of patients reported exacerbated
symptoms.” Hence, while these foods have a theoretical
mechanism associated with GERD, they don't consis-
tently cause symptoms universally.

1.4 Eating patterns

*  The frequency and time of ingestion also affect GERD

mechanisms, as a majority of reflux episodes from LES
relaxation occur within the first 3 hours after eating.
Hence, consuming meals right before or close to bed-
time can result in worse regurgitation, especially if the
meals are relatively larger.™ This is because the body is
not given time for gastric emptying, and as the sleep-
ing position is already prone to increased reflux, there is
a higher chance of the contents flowing back into the
esophagus.

2. Sleeping patterns:

Sleep is also another modifiable risk factor, where GERD
symptoms are associated with poor sleep quality, short du-
ration, and certain sleep positions. Sleep and GERD have a
bidirectional relationship, where sleep deprivation results in

worsening of GERD symptoms, but GERD symptoms result

in reduced sleep quality, due to difficulty initiating and main-
taining sleep.®*? A study showed that the time lag between
acid exposure and the feeling of heartburn decreased in those
with sleep deprivation compared to those without, indicating
the body’s heightened response to GERD symptoms with lack
of sleep.”® Several mechanisms explain this interaction. Lying
flat prevents gravity from keeping refluxed contents in the
stomach. During sleep, reflexes that restrict the flow of gastric
contents back into the esophagus and larynx are also reduced."

Sleeping positions can also affect GER. The left lateral de-
cubitus (LLD) position — which entails sleeping on one’s left
side — and sleeping with the head elevated have solid evidence
for improving and managing GERD, reducing gastric acid ex-
posure. On the contrary, lying on the right side positions the
esophagus below the stomach and gastroesophageal junction,
accelerating reflux and exposing longer acid exposure to the
esophagus.™

3. Stress:

Stress also represents an understated but significant risk fac-
tor of GERD, mediated through the gut-brain axis. Stress can
be any physical or psychological stimulus that disrupts homeo-
stasis, resulting in a stress response.” While stress and GERD
were assumed to be independent and the product of two un-
related systems — the digestive and nervous system — there has
been an increasing amount of data that suggests an association.
Although a lot of them only measure the effect of acute stress,
short-term stress responses, a few have modeled chronic stress,
which is a more accurate depiction of patients’ life experience.
That being said, a study found that there was a higher preva-
lence of GERD in a group with high stress compared to the
one without, although limitations mentioned were the inabili-
ty to consider other risk factors.'

Stress can influence GERD by central sensitization or by
exacerbating symptoms. Central sensitization is the increased
responsiveness to pain signals in the central nervous sys-
tem.” GERD causes this, enhancing perceptual response to
intra-esophageal acid exposure, and thus, greater emotional
responses were seen to the stressor.'® A study found that anxi-
ety induction increased perception of esophageal pain without
increasing its exposure to acid." It is important to note, how-
ever, that individual variation is extremely common in this
phenomenon. In most studies, many patients had varying re-
sponses and sensitivity to stress.

4. BMI:

Body Mass Index is a metric used to define height/weight
characteristics to be classified into groups: severely under-
weight, underweight, normal weight, overweight, moderately
obese, severely obese, and morbidly obese. It is calculated as
weight divided by height squared.” Numerous studies have
indicated a positive correlation between elevated body mass
index (BMI) and GERD symptoms. For instance, Malaty
found that children diagnosed with GERD were much more
likely to be obese, and another study by Xie found a higher
prevalence of GERD among obese individuals aged 18-81.%2
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The risk of symptoms rises with BMI among both categories
of normal weight and overweight subjects.

Physiological mechanism:

Several physiological mechanisms may explain the observed
relationship between elevated BMI and GERD. Obesity has
been associated with multiple esophageal abnormalities, such
as:

1. Nutcracker esophagus: Abnormally high peristaltic am-
plitude

2. Hypotensive LES: Low LES basal pressure

These abnormalities can increase acid exposure in the
esophagus, exacerbating GERD symptoms. Furthermore,
abdominal obesity increases intra-abdominal pressure, which
can be due to the direct effect of the mass from the adipose
tissue to the abdominal cavity, or the mass of the intra-abdom-
inal adipose tissue maintaining the increased intra-abdominal
pressure. Obesity also increases the volume of gastric contents
while delaying gastric emptying.?*

Due to the limited amount of existing research that focus-
es primarily on adolescents in Southeast Asia, this study was
designed as an exploratory analysis to investigate potential as-
sociations rather than to test a specific hypothesis.

5. Objective:

Adolescents in Jakarta remain under-researched in
GERD-related studies despite rising lifestyle-related risk
factors such as sleep irregularities and stress. Improving under-
standing of these correlations is important for early prevention
of GERD, as it may lead to long-term complications and an
overall poorer quality of life if untreated. This study aims to
contribute to the Indonesian adolescent-focused literature on

GERD.

B Methods

This study employed a cross-sectional survey design to
investigate the prevalence of gastroesophageal reflux disease
(GERD) symptoms and their correlation with modifiable risk
factors (diet, sleep, stress, BMI) and non-modifiable risk fac-
tors (family history) in teenagers.

Sample Size:

The following formula will be used to calculate the adequate
sample size:?®

n=[Z’p(1-p1/&

where

n = sample size

Z = statistic corresponding to the level of confidence

p = expected prevalence

d = precision

Prior literature noted that in Indonesia, GERD prevalence
in adolescents = 10.9%, thus p = 0.109.% A 95% confidence
level (Z = 1.96) was selected, which is the value convention-
ally aimed for in biomedical research.?” It is suggested to use
avalue of d = 5% if the prevalence is between 10% and 90%.%

Hence, inputting the values Z = 1.96, p = 0.109, d = 0.05
into the formula gives:

n = (1.96% (0.085) (1 - 0.109) ] / (0.05)* = 150
Thus, the recommended sample size to estimate the prev-
alence of GERD with adequate accuracy is 150 participants.

Participants:

Participants were eligible for inclusion in the study if they
were aged 16-18 years at the time of survey completion, pro-
vided informed consent through a question at the start of the
questionnaire, and were able to understand and complete the
survey in English. Responses were excluded if the question-
naires were incomplete.

Data Collection:

Data was collected using an anonymous, self-reported
Google Forms questionnaire. The survey link was distribut-
ed through school communication platforms and social media
platforms. No identifying information (name and contact de-
tails) was collected. The use of an online questionnaire enabled
efficient data collection while maintaining anonymity to mini-
mize response bias. The questionnaire was a simplified version
of the GERDQ_questionnaire, validated by the research men-
tors to ensure it encompassed as many variables needed to

detect GERD symptoms.

Variables and Measurement:

The primary dependent variable was the status of GERD,
measured through self-reported diagnosis and questions about
symptom frequency adapted from common GERD diagnosis
methods (heartburn, regurgitation, sleep disturbance).

Independent variables:

1. Dietary factors: caffeine intake, spicy food intake, high-
fat meals, and carbonated drinks. Measured using frequency
categories (never, 1-2x/week, 3-4x/week, 5-6x/week, daily),
which were later grouped into 2 categories (0-2x/week and
3-7x/week)

2. Sleep variables

3. Stress level

4. Body mass index (BMI), calculated from self-reported
height and weight, is categorized.?

All variables were categorized into 2x2 data to allow Chi-
square analysis.

Procedure:

The questionnaire was developed based on previous litera-
ture and then adapted for an adolescent-focused study. Survey
links and consent statements were distributed. Responses were
automatically recorded through Google Forms, and incom-
plete responses were removed before analysis. The dataset was
processed and then exported to IBM SPSS for statistical anal-
ysis.

Data Analysis:

Data was analyzed using IBM SPSS Statistics. Descriptive
statistics were used to summarize sample characteristics and
the prevalence of symptoms. Chi-square tests were then car-
ried out to check for correlations between GERD status and
the risk factors, with statistical significance set at p < 0.05. As
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the number of tests run was limited, correction for multiple
testing was not applied.

Ethical Considerations:

Participation was voluntary and anonymous. Informed con-
sent was obtained at the beginning of the survey through a
mandatory consent checkbox. Participants were given the op-
tion to exit the survey at any point without penalty. The study
posed minimal risk and adhered to ethical guidelines for re-
search on adolescents.

B Results and Discussion

Table 1: Prevalence of GERD. As seen in Table 1, there were 114 respondents
who were surveyed in this study. Among 114 surveyed, 14 respondents (12.3%)
were medically diagnosed with GERD, 10 (8.8%) were self-diagnosed with
GERD, and 78.9% reported not having GERD. The overall prevalence of
GERD in this study was 21.1%.

GERD Status n %

Medically diagnosed 14 12.3
Self-diagnosed 10 8.8
No GERD 90 789
Total 114 100

Table 2: Association between demographic characteristics and GERD
status. Of the 24 respondents with GERD, 15 (62.5%) were female (Table 2).
Participants were all aged 16-18 years. The majority were 18 years old (51.8%),
followed by 17 (29.8%), and 16 (18.4%).

Characteristics GERD GERD No GERD Total
(Diagnosed)
r T T T T 1
Sex, n (%)
Male 5(12.5) 4 (10) 31(77.5) 40
Female 9(12.2) 6(8.1) 59 (79.7) 74
Age, n (%)
16 years 2(9.5) 1(4.8) 18 (85.7) 21
17 years 5(14.7) 4(11.8) 25 (73.5) 34
18 years 7(11.9) 5 (8.4) 47 (79.7) 59

Table 3: Association between dietary habits and GERD status. A statistically
significant association was observed between caffeine intake and GERD
status. As shown in Table 3, Caffeine intake was significantly associated with
GERD status (p = 0.025). Participants consuming 3-7 cups of caffeinated
beverages per week showed a higher prevalence of GERD (31.8%) compared
to those consuming 0-2 cups per week (14.3%). No significant associations
were observed for carbonated drinks, fried/high-fat meals, spicy food, or
eating habits (all p > 0.05).

Dietary Habits Category GERD No GERD p value
T T T T T 1
Coffee/caffeinated 0-2 cups/week 10 (14.3) 60 (85.7)
beverages
0.025
r T T T 1
3-7 cups/week 14 (31.8) 30 (68.2)
Carbonated drinks 0-2 cups/week 18 (20) 72 (80)
0.593
T T T T 1
3-7 cups/week 6 (25) 18 (75)
T T T T T 1
Fried/high-fat meals 0-2 meals/week 14 (24.6) 43 (75.4)
T T T T 1 0.358
3-7 meals/week 10 (17.5) 47 (82.5)
r T T T 1
Spicy food 0-2 meals/week 8(14.8) 46 (85.2)
T T T 1 0.121
3-7 meals/week 16 (26.7) 44 (73.3)
Ll T T T 1
Eating habits Regular 6 (20) 24 (80)
I T T 1
Irregular 18 (21.4) 66 (78.6) 0.869

Table 4: Association between risk factors and GERD status. As seen in Table
4, no significant association was found between sleep duration and GERD
status (p = 0.593), and between frequency of stress and GERD (p = 0.646).
Overweight and obese participants had a significantly higher prevalence of
GERD than those who were normal/underweight (p = 0.0004).

Risk Factor Category GERD Not GERD p value
L) T T
. ) Insufficient (<gh) 18 (20) 72 (80)
Sleeping duration (Avg. per I T , 0.593
night) Sufficient (28h) 6(25) 18 (75)
r T T T
Low 11(19.3) 46 (80.7)
Frequency of stress T T 1 0.646
High 13(22.8) 44 (77.2)
T T T T
Normal/Underweight 13 (14.3) 78 (85.7)
BMI r 1 0.0004
Overweight/Obese 11 (47.8) 12 (52.2)

Table 5: Cause of stress among participants. As seen in Table 5, of the 4
causes of stress tested, the most common among participants was school
(79.8%).

Cause of stress n

I T 1
School 91

I T 1
Family 13
Love life 7

I T 1
Friends 3

Discussion:

Out of the risk factors tested, BMI and caffeine intake
showed statistically significant associations with GERD symp-
toms reported.

The higher prevalence of GERD among females is in line
with a study by Hartoyo ez al., which found that 24.8% of re-
spondents had GERD, and 65.4% of them were female (Table
2).% It is also consistent with existing literature that suggests
hormonal perception may increase perception of symptoms.
Females also exhibit greater visceral sensitivity and stronger
esophageal barrier proteins, which may explain more reporting
of symptoms.*

Of the 8 variables tested, two showed a significant associa-
tion with GERD. The strongest association observed, as seen
in Table 4, was between the participant’s BMI category and
GERD status (p = 0.0004). This result aligns with a study done
by Malaty, which found a significant association between obe-
sity and GERD in children.?® The study also recognized that
obese children are more likely to have a higher consumption of
‘junk’ food, inducing heartburn, a symptom that mirrors that
of GERD. It is also in accordance with existing literature that
indicates a higher prevalence of hiatal hernias in those with
excess body weight, which results in the reduction of LES pres-
sure. Additionally, patients with a higher BMI have increased
intragastric volumes, which are correlated to the vertical
separation of the LES and crural diaphragm, increasing the
likelihood of reflux.** As the prevalence of overweight adoles-
cents in DKI Jakarta is rising,*> BMI may represent a relevant
and modifiable risk factor in this population.

As seen in Table 3, Caffeine intake was also a factor signifi-
cantly associated with GERD status (p = 0.025). Participants
consuming 3-7 cups per week (31.8%) had more than twice
the rate of GERD as those consuming 0-2 cups per week
(14.3%). This is in accordance with a study done by Hartoyo
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et al., which found a significant association between coffee
consumption and incidence of GERD in Jakarta citizens (p
= 0.006), although the scope of the study did not include all
caffeinated drinks, and participants were aged between 18 and
65 years old. Another study by Carlos ez al. found that the
association between coffee consumption and GERD symp-
toms appeared primarily in overweight and obese respondents,
suggesting the symptoms may be caused by a possible interac-
tion between caffeine-induced LES relaxation and increased
intra-abdominal pressure from a higher BMI.% Although caf-
feine is known to reduce LES pressure and increase secretion
of gastric acid, existing evidence remains debated, with studies
reporting inconsistent symptom patterns. This suggests that
caffeine sensitivity may vary according to the individual and
other factors.

In contrast, most of the other dietary habits examined were
not significantly associated with GERD (all p > 0.05) (Ta-
ble 3). Spicy consumption had a value of p = 0.121. Although
a study done by Cahyani found a significant association be-
tween spicy food consumption and GERD (p = 0.045), the
study included 35 boarding school students who likely had
similar dietary habits. Since spicy food is common in Indo-
nesia, with Sambal, containing capsaicin, often used in dishes,
spicy food consumption may be common across both GERD
and non-GERD groups, making its effect less statistically dis-
tinguishable.’* More studies will need to be carried out before
a solid conclusion can be confirmed. Other variables - carbon-
ated drinks (p = 0.593), high-fat meals (p = 0.358), and eating
habits (p = 0.869) were also not significantly associated.

These results may be due to relatively similar habits among
adolescents in high school, who thus have similar sleep sched-
ules and stress mostly attributed to school, as 91 (79.8%)
respondents reported.

Overall, the results from this study indicate that BMI has
the greatest association with GERD in adolescents than other
factors, as it aligns with many existing studies. In Jakarta, where
the prevalence of overweight adolescents continues to rise,
these results may reflect lifestyle patterns of this population.
While caffeine also had a significant association, the literature
online suggests that it is still debated and inconclusive. A me-
ta-analysis of fifteen case-control studies found no significant
association, but these discrepancies could have been explained
by the difference in research design and, most importantly, the
difference in study participants.’” This study contributes to the
currently limited amount of research on GERD in Southeast
Asian adolescents, but suggests that the effect of risk factors in
this age group may differ from those in adults.

This study identified the prevalence of GERD among
teenagers aged 16-18, which remained consistent with other
studies, and examined its association with several modifiable
risk factors. Although only two of them were found to be sta-
tistically significant, this suggests that adolescent GERD may
be correlated to a narrower set of factors than previously as-
sumed. The lack of significant findings in the other variables
may reflect similarities in the lifestyles of adolescents living in

Urban Jakarta.

® Conclusion

Implications:

The findings of this study suggest a correlation between a
high BMI and caffeine intake with the occurrence of GERD
symptoms. With the increase in prevalence of overweight ad-
olescents in Jakarta,*> an increased awareness of maintaining
healthy lifestyle habits may help prevent or reduce the severity
of GERD symptoms. This study also highlights the need for
further research focused on GERD in Southeast Asian ado-
lescents.

Limitations:

This study also has several limitations to acknowledge.
Firstly, the use of an anonymous self-reported questionnaire
may introduce recall bias or underreporting, particularly with
lifestyle habits. While self-diagnosed respondents were iden-
tified when finding the prevalence, they were grouped with
those diagnosed with GERD when conducting correlation
analysis to increase statistical power. This may have intro-
duced misclassification bias, as self-diagnosis is less reliable
than clinical diagnosis. There are certain symptoms, such as
those of acid reflux, that may have been mistaken for GERD
and reported as such by certain participants.*® The study also
did not differentiate between types of caffeinated beverages
or quantify specific caffeine measurements, as the participants
were instructed to measure their caffeine intake in terms of
the number of cups. This may influence results, as studies have
found that differences in GERD status depend on the bever-
age composition.*® It should be considered, however, that as
this study employs a cross-sectional design, the associations
observed cannot be established as a causal relationship. It
is possible that the risk factors may have changed as a con-
sequence of GERD symptoms instead of solely acting as
predictors.

Concluding Remarks:s

In conclusion, the results of this study indicate that adoles-
cent GERD in urban Jakarta is correlated to a more limited
set of dietary habits in this sample than those commonly em-
phasized in studies with adults. While the sample size was
sufficient for estimating GERD prevalence, it may have been
underpowered to detect weaker associations between certain
risk factors and GERD symptoms. As lifestyle patterns con-
tinually shift in this population, early awareness of a healthier
lifestyle - such as weight management and judicious consump-
tion of caffeine and junk food - may play a significant role in
preventing long-term gastrointestinal issues.
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