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Abstract: Background & objectives: Gastroesophageal reflux disease (GERD) is a common gastrointestinal disorder with
variable association with age, sex and body mass index (BMI). This study aimed to assess the prevalence and severity of GERD
in symptomatic patients and examine its relationship with demographic and anthropometric parameters.

Methods: In this prospective observational study, 54 symptomatic adults (24 males, 30 females; mean age 40.4+14.2years)
underwent GERS using a technetium-99m sulfur colloid capsule. Reflux severity was graded scintigraphically. Patients were
stratified by WHO BMI and age groups. Data were analyzed using standard statistical methods; P < 0.05 was considered
significant.

Results: GERD was detected in 66.7% of participants, with a higher prevalence in females (70%) than males (62.5%). The mean
age was 40.4 yr. Although the highest prevalence was observed in the 15-24year age group (87.5%), differences across age
groups were not statistically significant. GERD positivity was highest among underweight individuals (88.9%), followed by
normal weight (65.4%), overweight (60%) and obese (50%) categories. Grade 111 reflux was more frequent in underweight and
overweight groups.

Interpretation & conclusions: GERD was common irrespective of age, sex or BMI. While obesity remains a known risk factor,
significant reflux also occurred in underweight and non-obese individuals, indicating that BMI alone is not a reliable predictor.
Larger studies using advanced diagnostic modalities are needed to clarify these associations.

Keywords: Gastroesophageal reflux disease, gastroesophageal reflux scintigraphy, body mass index, non-erosive reflux disease,
Manuscript.

L. INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common disorder characterized by the backward flow of stomach contents into the
esophagus, resulting in symptoms such as heartburn, regurgitation, and, in severe cases, erosive esophagitis [1], [2], [3]. GERD
significantly impacts quality of life and poses a considerable healthcare burden worldwide. Its prevalence varies across populations
and is influenced by demographic, lifestyle, and physiological factors, including age, sex, body mass index (BMI), and anatomical
abnormalities such as hiatal hernia [4], [5], [6], [7]-
Obesity has long been recognized as a major risk factor for GERD, likely due to increased intra-abdominal pressure and lower
esophageal sphincter dysfunction [5], [6], [8]. However, emerging evidence suggests that GERD may also occur in individuals with
normal or low BMI, highlighting the multifactorial nature of disease pathogenesis®®. Furthermore, sex differences have been
observed, with men more prone to erosive esophagitis and women more likely to report symptomatic reflux [7], [10], [11].
Gastroesophageal reflux scintigraphy (GERS) is a non-invasive imaging modality that allows functional assessment of reflux
episodes, providing complementary information to endoscopy, especially in patients with persistent or severe symptoms [3], [5],
[12]. Despite its utility, data on GERS-based prevalence and reflux patterns in adult populations remain limited.
The present study aimed to determine the prevalence and severity of GERD in symptomatic adults using radioactive capsule
technique of GERS and to examine associations with age, sex, and BMI. By characterizing reflux patterns across these subgroups,
this study seeks to improve clinical understanding and inform patient-specific management strategies.

1. MATERIALS AND METHODS
Study Design and Setting: This prospective observational study was conducted in the Department of Nuclear Medicine at Guru
Gobind Singh Medical College and Hospital from 2019 to 2023.
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Study Population: Patients presenting to the Nuclear Medicine outpatient department with signs and symptoms suggestive of
gastroesophageal reflux disease (GERD) were screened for eligibility. A detailed clinical history was obtained, and demographic
and clinical parameters including age, sex, reflux symptoms, alcohol consumption, and current medication use were recorded.
During the study period, 112 patients were registered for gastroesophageal reflux scintigraphy (GERS), of whom 54 met the
inclusion criteria and were enrolled in the final analysis. Patients aged >15 years with reflux-related symptoms and the ability to
swallow the capsule orally were included. Those aged <15 years, without reflux-related symptoms, unable to swallow the capsule,
receiving acid-suppressive medications, or who had undergone an upper gastrointestinal contrast study within the preceding 2—-3
days were excluded.

All participants were instructed to fast for 4-6 hrs before the procedure. Written informed consent was obtained from all participants
prior to enrolment.

Gastroesophageal Reflux Scintigraphy Protocol: Gastroesophageal reflux scintigraphy was performed using a dual-head gamma
camera equipped with low-energy, high-resolution collimators. Dynamic imaging was acquired in anterior and posterior projections
at 10 sec intervals for 30 min using a 64x64 matrix.

Each patient ingested a gelatin capsule containing 11.1-18.5 MBq of technetium-99m sulfur colloid (*>"Tc-SC) with a small amount
of water, followed by 300-500 mL of juice to facilitate uniform tracer distribution within the stomach, clear residual esophageal
activity, and optimize gastric distension for reflux detection. Immediately after ingestion, patients were positioned supine with the
thoracoabdominal region included in the field of view, and image acquisition was started.

Image Processing and Analysis: All dynamic images were reviewed frame by frame (10 second per frame) over the 30minutes
acquisition period by two experienced nuclear medicine physicians. For improved visualization and detection of reflux episodes,
dynamic frames were summed into 30seconds composite images.

Scintigraphic parameters were evaluated using a standardized scoring methodology and correlated with complications associated
with GERD. Quantitative analysis of scintigraphic parameters was performed according to the criteria described by Soni et al [13].
Reflux severity was graded using the scintigraphic scoring system proposed by Puranik et al [14].

Clinical and Anthropometric Assessment: Participants were categorized according to World Health Organization (WHO) age groups
as follows: young (15-24year), young adults (25-44year), middle aged (45-59year), and elderly (60-74year). Body mass index
(BMI) was calculated as weight (kg)/height (m?) and classified according to WHO criteria as underweight (<18.5 kg/m?2), normal
(18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), and obese (>30 kg/m?). Statistical Analysis: Data were entered into Microsoft Excel
and analyzed using appropriate statistical software. Continuous variables were expressed as mean + standard deviation (SD), and
categorical variables were presented as frequencies and percentages. A P value <0.05 was considered statistically significant.

1. RESULTS

A total of 54 symptomatic patients underwent gastroesophageal reflux scintigraphy (GERS) for GERD evaluation. The cohort
included 24 males (44.4%) and 30 females (55.6%), aged 15-71 yr (meanzSD: 40.44+14.2; males 38.88, females 41.7). Overall, 36
patients (66.7%) demonstrated scintigraphic evidence of GERD (males 62.5%, females 70.0%) (Table 1).
Based on WHO BMI classification, 9 patients (16.7%) were underweight, 26 (48.2%) normal weight, 15 (27.8%) overweight, and 4
(7.4%) obese. GERD positivity was highest in underweight patients (88.9%), followed by normal weight (65.4%), overweight
(60.0%), and obese (50.0%) individuals; differences were not statistically significant (p>0.05). Grade IlI reflux was more frequent
in underweight and overweight patients but did not reach statistical significance. Among females, 24/30 (80.0%) were GERD
positive, and among males, 15/24 (62.5%) were positive (Table 2).
Age-stratified analysis showed GERD positivity of 87.5% in 15-24 yr, 60.7% in 25-44 yr, 70.0% in 45-59 yr, and 62.5% in 60-74
yr. Grade Il reflux was most common in patients aged 25-59 yr. Within BMI categories, underweight patients had the highest
positivity in the youngest age group, whereas normal-weight patients showed GERD across all age groups. Overweight and obese
patients demonstrated variable GERD prevalence by age. No statistically significant associations were found between BMI, age, and
GERD positivity (p > 0.05) (Table 2). Overall, GERD prevalence was 66.7%, with Grade Ill reflux observed predominantly in
patients aged 25-59 yr, without significant differences between BMI or age groups.

V. DISCUSSION
In this study of 54 symptomatic patients, GERS detected GERD in 66.7% of participants, with a slightly higher prevalence in
females (70%) compared to males (62.5%). This finding is similar to reports from other studies worldwide, which show that women
often experience reflux symptoms more frequently than men. Possible reasons include hormonal effects on the esophagus, greater
sensitivity to symptoms, and a higher likelihood of women seeking medical care [15], [16].
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The average age of the patients was 40.4 yr. Although the highest number of GERD cases was seen in the youngest age group (15-
24 yr), there was no significant difference in GERD rates between age groups. Previous studies have shown mixed results, with
some reporting higher GERD rates in older adults and others showing that young adults are also commonly affected. These
differences may be due to variations in study populations and diagnostic methods.
Analysis by BMI showed that GERD positivity was highest in underweight patients (88.9%), followed by normal weight (65.4%),
overweight (60%), and obese (50%) individuals. Although differences were not statistically significant, the unexpectedly higher
prevalence in underweight patients may reflect factors beyond obesity, such as transient lower esophageal sphincter relaxation,
dietary habits, or increased gastric acidity. Previous reports have often associated GERD with obesity [17], [18]; however, our
findings suggest that low body weight does not preclude reflux and highlight the heterogeneity of GERD pathophysiology*®?°.
Grade I11 reflux was more frequently observed in underweight and overweight patients, suggesting that both extremes of BMI may
influence reflux severity, even though the association did not reach statistical significance [21], [22].
When results were analyzed by sex and BMI together, females had higher GERD rates in most BMI groups. This agrees with earlier
studies showing that men are more likely to have visible esophageal damage, while women more often report reflux symptoms.
These differences may be related to hormonal factors, body fat distribution, and differences in how symptoms are perceived and
reported [23], [24], [25].
Age-stratified analysis demonstrated the highest GERD prevalence in the youngest age group (15-24 yr, 87.5%), whereas patients
aged 25-59 yr exhibited the greatest frequency of Grade Ill reflux. This indicates that severe reflux may be more common in
middle-aged adults, potentially due to cumulative exposure to risk factors such as dietary patterns, smoking, alcohol intake, and
hiatal hernia [26], [27]. Interestingly, GERD was prevalent across all age and BMI categories, emphasizing that the disease is not
restricted to traditionally recognized high-risk groups.
In the present study, hiatus hernia was detected in 15.9% of patients undergoing upper gastrointestinal endoscopy, which is
comparable to previously reported rates [28]. A higher proportion of affected patients were overweight (71.4%), supporting the
established association between increased body mass index and the development of hiatus hernia due to raised intra-abdominal
pressure [29]. A female predominance was observed, and the mean age (41.6 yr) indicates occurrence mainly in early to middle
adulthood.
Overall, these findings highlight that GERD affects a broad spectrum of patients irrespective of age, sex, or BMI, and that severe
reflux correlates more closely with mucosal injury rather than body habitus alone. The high prevalence of NERD underscores the
importance of functional assessment in symptomatic patients. Limitations of this study include the relatively small sample size and
cross-sectional design, which may limit the ability to detect statistically significant associations between BMI, age, and GERD
severity. Future studies with larger cohorts and combined diagnostic modalities may provide further insights into the complex
interactions between demographic factors, reflux severity, and esophageal mucosal changes.
In conclusion, GERD was common across different ages, sexes, and BMI groups in this study. While obesity is a known risk factor,
this study shows that underweight and non-obese individuals can also have significant reflux. This suggests that BMI alone cannot
reliably predict GERD. The presence of severe reflux in non-obese patients highlights the role of other factors such as anatomy, diet,
and lifestyle. Larger studies using advanced tests such as pH monitoring and esophageal manometry are needed to better understand
how age, sex, BMI, and reflux severity are related.
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Table 1. Demographic Characteristics and Scintigraphic GERD Findings in Symptomatic Patients (n=54)
Characteristic Total Male Female
Patients 54 pts 24 (44.4%) | 30 (55.6%)
Age (mean age; age range) | 40.4 yrs; 38.9 yrs; 41.4 yrs;
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| Scintigraphic GERD

| 36 (66.7%) | 15 (62.5%) | 21 (70%) |

Table 2: Distribution of GERD positivity according to BMI and Grade 111 reflux according to age group (n = 54)

Age Group
Weight 15-24 yrs 25-44 yrs 45-59 yrs 60-74 yrs Total
Criteria Total/GER +ve Total/GER +ve Total/GER +ve Total/GER +ve Total/GER +ve
n/N n/N n/N n/N n/N
(%) (%) (%) (%) (%)
Under
weight 4/4 (100) 3/4 (75) 1/1 (100) - 8/9 (88.9)
Normal 3/4 (75) 9/13 (62.2) 3/5 (60) 2/4 (50) 17/26 (65.4)
weight
Over 5/10
weight - (50) 1/2 (50) 3/3 (100) 9/15 (60)
Obese - 2/1 (50) 2/2 (100) -11 2/4 (50)
Total 7/8 (87.5) 17/28 (60.7) 7/10 (70) 5/8 (62.5) 36/54 (66.7)
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