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ABSTRACT

BACKGROUND AND OBJECTIVES: Gastroesophageal reflux disease (GERD) and asthma are often linked, with GERD
potentially triggering or worsening asthma symptoms. This study aimed to determine the association between gastroesophageal
reflux disease and bronchial asthma in children.

METHODOLOGY: This case-control study was conducted at the Pediatric Medicine Department, Ibn-e-Siena Hospital,
Multan, over a 6-month period. Children aged 3—12 years presenting to the pediatric outpatient department were consecutively
enrolled. Cases were children diagnosed with bronchial asthma based on spirometry (FEVI/FVC <90% and FEV1 < 0%
adjusted for age, gender, and height), while controls were children without respiratory symptoms and with normal spirometry.
All participants underwent an upper gastrointestinal (GI) barium study, and gastroesophageal reflux disecase (GERD) was
diagnosed based on reflux esophagitis, hiatal hernia, or impaired gastric motility. Data were analyzed using SPSS version 23,
and logistic regression was used to assess the association between GERD and asthma.

RESULTS: The study included 63 cases and 63 controls, with a mean age of 7.01 & 2.1 years and equal gender distribution.
GERD prevalence was higher in cases (78.1% vs. 21.9%, p < 0.001). Asthmatic children had significantly lower BMI (16.0
+0.9vs. 16.6 £ 0.9, p=0.001). Logistic regression revealed GERD as an independent risk factor for asthma (OR: 4.9, 95%
CI: 1.9-12.8, p=0.001), while higher BMI had a protective effect (OR: 0.55, 95% CI: 0.4-0.8, p=0.000).

CONCLUSION: GERD is significantly associated with bronchial asthma in children, while higher BMI appears protective.
Managing GERD may play a role in asthma management.
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INTRODUCTION According to clinical research, up to 80% of children with
asthma have GERD, although over half of them do not
exhibit any symptoms.. There is evidence from numerous
studies that GERD and asthma are interrelated®. A total
of 90 controls (without bronchial asthma) and 45 cases
(with bronchial asthma) were enrolled by Ricra R et al.
GERD was significantly more common in cases (33.33%)
than in controls (11.11%) (p = 0.002)P\. Using a barium
esophagogram, Mays EE et al. conducted a similar study
in adults and found that 13 of 28 (46%) asthmatics reported
reflux symptoms, compared with 23 of 468 (5%) normal
control patients['%.

The passage of stomach particles into the esophagus,
accompanied by clinical features and/or consequences
that may be extra-esophageal or esophageal, is known as
gastroesophageal reflux disease (GERD). Males are more
likely than females to have GERD in children™. Because
of the gastro-esophageal junction's immaturity, which
diminishes during the first year of life, it may manifest
physiologically even before that timell. Children who
are obese and have neurological disorders, congenital
heart diseases, gastrointestinal system abnormalities, and

congenital diaphragmatic hernias are more likely to develop o . o
GERD™, Exclusive breastfeeding, however, is a preventive The objective of our study was to determine an association
measure against GERDP). Asthma is the most extensively between GERD and bronchial asthma in children presenting

studied respiratory complication of GERD in children and ~ At our local setting. The study results will provide local
it is primarily caused by vagal mechanisms, neurogenic  €vidence for pediatricians working in our setup regarding

inflammation, acid microaspiration, and increased bronchial ~ 1Y connection between the two conditions. If they are found
responsiveness 9. to be significantly associated, in the future, all patients with
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chronic cough or asthma will be aggressively investigated for
GERD. Timely treatment with proton pump inhibitors in such
patients might also improve asthma symptoms. Identifying
GERD in children with asthma will help in optimizing
management strategies and reducing hospitalizations due to
asthma exacerbations. We hypothesized that the prevalence
of gastroesophageal reflux disease is higher in children with
bronchial asthma than in healthy controls.

METHODOLOGY

This case-control study was conducted at the Department
of Pediatric Medicine, Ibn-e-Siena Hospital, Multan, over a
period of 6 months from Ist November 2023 to 30th April
2024 after approval from the institutional ethics review
committee (ERC approval number: C-70-1021-01, dated:
15th October 2023). Children aged 3—12 years, male or
female, presenting to the pediatric outpatient department
were consecutively approached. Children diagnosed with
bronchial asthma, i.c., FEV1/FVC ratio < 90% and FEV1
< 80% adjusted for age, gender, and height on spirometry,
were taken as cases. Children without any respiratory
symptoms and normal spirometry were taken as controls.
All participants were selected after their parents provided
informed consent. Children with developmental delays and
congenital heart diseases were excluded from the study.

A minimum sample size of 126 children (63 cases and 63
controls) was calculated using the OpenEpi online software,
based on a case-control study formula with a case frequency
of 33.33% and a control frequency of 11.11%". Power of
the study 80% and the confidence level is 95%. Data was
analyzed through SPSS version 23. Normality of numerical
data was assessed through the Shapiro-Wilk test. Age, illness
duration, and BMI are presented as means and standard
deviations. Gender, family history of atopy and GERD (yes/
no) are presented as frequency and percentages.

Baseline data, including age, gender, duration of illness
(years), BMI (kg/m2), and family history of atopy (yes/no),
were recorded. Body mass index was calculated using the
formula: weight (kg)/height (m2). Weight was measured on
a weighing scale, and height was measured on a stadiometer.
All the children underwent an upper GI barium study from
the radiology department as per hospital protocol. All the
barium studies were reported by a consultant radiologist,
and any one or more findings of (i) reflux esophagitis, (ii)
hiatal hernia, (iii) impaired gastric motility were labelled as
GERD positive. Children with GERD-positive were put on
standard treatment.

The association between GERD and bronchial asthma is
assessed using logistic regression. Univariate analysis was
run for significant factors. Factors with a p-value < 0.20 were
entered into multivariable regression analysis. Independent
factors associated with asthma were assessed at a < 0.05
significance level. For logistic regression, we used the Wald
test to assess the significance of individual predictors and
the Likelihood Ratio Test (LRT) to compare model fit at
the multivariable level. Odds ratios with 95% confidence
intervals are reported.

RESULTS

The mean age of the enrolled patients was 7.01 + 2.1
years. There was equal representation of male (49.2%)
and female (50.8%) children in the study. The mean BMI
of the participants was 16.3 £ 0.9 kg/m2, and the duration
of asthma in cases was 3.2 + 1.6 years. Family history of
atopy was positive in 46.8% (n=59) of participants, and
gastroesophageal reflux disease was present in 25.4%
(n=32). Children with asthma (cases) were significantly
younger (6.6 = 1.9 vs. 7.4 + 2.2 years, p-value 0.02) than the
children without asthma (controls). The mean BMI of cases
was significantly less than that of the controls (16.0 = 0.9 vs.
16.6 + 0.9 kg/m2, p-value 0.001). The prevalence of GERD
was significantly higher in cases than in controls (78.1% vs.
21.9%, p-value < 0.001) (Table-I).

Table-I: Characteristics of children with bronchial asthma and healthy controls (n=126).

Characteristics Overall Cases Controls P-Value*
(n=126) (n=63) (n=63)
Age (years) 7.01 +£2.1 6.6+1.9 74+£22 0.020
Gender
Male 62 (49.2) 29 (46.8) 33(53.2) 0.476
Female 64 (50.8) 34 (53.1) 30 (46.9)
BMI (kg/m2) 16.3+0.9 16.0+0.9 16.6 £0.9 0.001
Duration of Asthma (n=63) 32+1.6 32+1.6 - -
Family h/o Atopy
Yes 59 (46.8) 29 (49.2) 30 (50.8) 0.858
No 67 (53.2) 34 (50.7) 33(49.3)
Gastro-esophageal Reflux
Disease
Yes 32 (25.4) 25 (78.1) 7(21.9) <0.001
No 94 (74.6) 38 (40.4) 56 (59.6)
*Chi-square test for categorical comparison and t-test for numerical comparison.
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Table-I1: Univariate analysis of Association of GERD with bronchial asthma in children (n=126).

Predictors* B SE Wald df OR (95% CI) P-value
GERD Yes 1.6 0.47 12.1 1 53(2.1-13.4) <0.001
Age Group 3 — 7 years 0.67 0.37 33 1 1.9 (0.9 -4.0) 0.070
Gender Female 0.25 0.36 0.51 1 1.3 (0.6 -2.6) 0.476
BMI (kg/m2) 0.64 0.21 9.2 1 0.53 (0.4 -0.8) 0.002
Family h/o atopy ~ Yes 0.06 0.36 0.03 1 0.9 (0.5-1.9) 0.858

GERD: gastroesophageal reflux disease * Reference category is ‘No’ for GERD and Family h/o atopy, ‘8-12 years’ for age, and ‘Male’ for

Gender.

Compared to children without asthma, asthmatic children
had 5.3 (95% CI: 2.1 — 13.4, p-value < 0.001) odds of having
gastroesophageal reflux disease, 1.9 (95% CI: 0.9 — 4.0,
p-value 0.070) odds of younger age (3-7 years), 1.3 (95%
CI: 0.6 — 2.6, p-value 0.476) odds of being male, BMI odds
of 0.53 (95% CI: 0.35-0.80, p-value 0.002) and 0.9 (0.5 —
1.9, p-value 0.858) odds of positive family history of atopy
(Table-II).

Multivariable analysis indicated two independent factors
associated with bronchial asthma: gastroesophageal reflux
disease (OR: 4.9, 95% CI: 1.9 — 12.8, p-value 0.001) and
BMI ,having a protective effect on the development of
bronchial asthma (OR 0.55, 95% CI: 0.4 — 0.8,p-value
0.006) (Table-III).

Table-I11: Multivariate analysis of Association of GERD with bronchial asthma in children (n=126).

Factors B SE ‘Wald df OR (95% CI) P-value
GERD Yes 1.6 0.49 10.6 1 4.9(1.9-12.8) 0.001
BMI (kg/m2) -0.60 0.22 7.60 1 0.55(0.4-0.8) 0.006

GERD: gastroesophageal reflux disease.

DISCUSSION

Our study showed that the prevalence of GERD was
significantly higher in asthmatic children compared to
healthy controls. Three hypothesized -etiologiesraised
bronchial responsiveness, micro-aspirations of acidic
stomach contents into the upper airways, and enhanced
vagal tone can account for bronchoconstriction produced
by acid reflux ", Other authors have proposed the "reflux
theory," involved directly, and the "reflex theory," involved
indirectly, as explanations for the association between
gastroesophageal reflux and asthma '>13],

A total of 1,612,361 patients across various age groups
were included in 32 relevant investigations conducted in 14
countries, according to Mallah N et al. Overall, there was
little correlation between GERD and asthma exacerbation
(OR = 1.27; 95% CI 1.18-1.35). However, compared
to adults, children with GERD had a greater chance of
experiencing an asthma attack!#. In a recent study, Lupu
VV et al enrolled 56 children with asthma admitted to a
local center of pediatric gastroenterology. They observed
that 39 patients (69.64%) had GERD, determined on 24-
hour continuous oesophageal PH monitoring. The presence
of asthma increased the risk of GERD by 2.86 times!3!.
These findings are comparable to our results.

Numerous factors, such as coughing and breathing difficulty,
increased lung inflation, diaphragm contractions, and an
increased pressure gradient across the lower esophageal
sphincter (LES), have been documented to contribute to the
aggravation of GERD in asthmatic individuals!'®l. Various
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asthma drugs, such as corticosteroids, [-agonists, and
theophylline, may exacerbate reflux [\,

From Italy, Cantarutti A et al reported that 1652/86,381
(1.9%) children were experiencing GERD in the first
12 months of life, of which 53% were treated with acid-
suppressive medications. Compared with controls, children
with GERD were at increased risk of clinical asthma (HR:
1.40, 95% CI 1.15-1.70) ",

On the other hand, Tanner N et al. evaluated 127 children with
severe asthma who underwent pH testing and bronchoscopy.
When comparing individuals with and without acid reflux,
there were no differences in asthma management or in
measurements of airway inflammation or remodelling. They
concluded that gastroesophageal reflux was not a significant
comorbidity in children with severe asthma!'®,

Ghaemi MR et al. conducted a cross-sectional study of
patients aged 6 to 18 years with asthma. 25% of patients had
reflux. Reflux and the severity of asthma did not significantly
correlate (P=0.06)"""1. According to the study by Arul et
al, this finding can be elaborated by the fact that GERD
symptoms can occur without actual findings on endoscopy
and that there is no correlation between the severity of these
symptoms and endoscopic findings .

According to a systematic analysis by Thakkar K et al,
asthmatic patients had a higher frequency of GERD (22.0%)
than controls (4.8%) Y. Likewise, another study conducted
by Havemann B et al. revealed a statistically significant
correlation between GERD and asthma characteristics, with
a cumulative OR of 5.5 (95% CI: 1.9-15.8) 2],
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Recent research on tissue biomarkers and esophageal
functions in individuals with asthma and related GERD has
shown that impairments in neuronal sensory perception and
esophageal motility play a significant role in connecting the
two conditions. Since both neutrophilic and eosinophilic
type 2 inflammatory alterations have been reported, the
characterisation of the underlying inflammatory substrate
has produced contradictory findings 3!,

Our study had some limitations. The study's external validity
may have been impacted by its single-center design. Other
factors, such as the use of bronchodilators for asthma in
patients with GERD diagnoses whose usage has been
demonstrated to raise the chances of developing asthma in
GERD patients were not assessed . Moreover, our study
did not assess the relationship between asthma severity and
a high prevalence of GERD or the effect of GERD treatment
on asthma patients.

CONCLUSION

Our study concluded that GERD is strongly associated with
bronchial asthma in the pediatric population. Management
strategies should be focused on treating both clinical
conditions simultaneously. Ongoing research is crucial
to further elucidate the pathophysiological mechanisms
underlying these associations and optimize treatment
approaches.

ACKNOWLEDGEMENT: None.

CONFLICT OF INTEREST: None.

GRANT SUPPORT AND FINANCIAL DISCLOSURE:
None.

REFERENCES:

1. Behl AB, Jindal V, Bali V, Ratna M, Kaur M, Narang
MS. Awareness and prevalence of oral manifestation of
GERD in population of Ludhiana. Baba Farid University
Dental Journal.2021;11(1):27-35.D0i:10.5958/2230-
7273.2021.00005.3.

2. Fogla R, Glaubitz E, Bhatia S, Ravishankar A, Andy
C, Niec R, et al. Sex differences in clinical presentation
and management in eosinophilic esophagitis. Foregut.
2023;3(2):141-148. Doi:10.1177/26345161231170590.

3. Elsayed H, Elbarbary M, Oraby E, Fakhreldeen
I, Elgazzar S. Role of intraoperative endoscopy
during laparoscopic antireflux procedure in children.
Benha Journal of Applied Sciences.2023;8(8):21-27.
Doi:10.21608/bjas.2023.225787.1214.

4. Shahri HM, Ghiasi SS, Shaye ZA, Zegheibizadeh F.
Congenital heart defects in infants with a congenital
diaphragmatic hernia: a single-center experience.
Pakistan Heart Journal. 2022;55(4):408-412.
Doi:10.47144/phj.v55i4.2343

5. Mairuhu A, Darma A, Ranuh R. Exclusive
Breastfeeding lowers incidence of gastroesophageal
reflux in infants: a 12-months cohort study. International
Journal of Research Publications.2021;82(1):58-
62.D0i:10.47119/1JRP100821820212134.

1186

6.

10.

11.

12.

13.

14.

15.

16.

Grandes XA, Manjunatha RT, Habib S, Sangaraju
SL, Yepez D, Grandes X. Gastroesophageal reflux
disecase and asthma: a narrative review. Cureus.
2022;14(5):€24917. Doi: 10.7759/cureus.24917.
Althoff MD, Ghincea A, Wood LG, Holguin F,
Sharma S. Asthma and three colinear comorbidities:
obesity, OSA, and GERD. The Journal of Allergy and
Clinical Immunology: In Practice.2021;9(11):3877-
3884.D0i:10.1016/j.jaip.2021.09.003.

Yagoubi A, Laid Y, Smati L, Nafissa Benhalla K,
Benhassine F. Does omeprazole improve asthma-control
in poorly-controlled asthmatic children with gastro-
esophageal reflux. Journal of Asthma. 2022;59(6):1169-
1176. Doi:10.1080/02770903.2021.1917606.

Ricra R, Roque JC, Ricra P. Gastroesophageal reflux
disease as a factor associated with bronchial asthma
in the pediatric population. Revista de la Facultad de
Medicina Humana. 2020;20(2):281-286. D0i:10.25176/
RFMH.v20i2.2918.

Mays EE. Intrinsic asthma in adults: association with
gastroesophageal reflux. JAMA. 1976;236(23):2626-
2628. D0i:10.1001/jama.1976.03270240022017
Ghassap SA, Rashad Al, Alamri SA, Alrakhimy
HD. Asthma and Chronic Obstructive Pulmonary
Disease (COPD): Gastro-Oesophageal Reflux Disease
(GERD). International Journal of Health Sciences.
2018;2(S1):277-296. Doi:10.53730/ijhs.v2nS1.15217.
Atmaja KS, Wicaksana A, Robin I, Mataram IP,
Andryani PE. Asthma related to gastroesophageal
reflux disease: a case report and review. International
Journal of Advances in Medicine.2021;8(4):603-606.
Doi:10.18203/2349-3933.ijam20211063.

Roman S, Gyawali CP, Savarino E, Yadlapati R,
Zerbib F, Wu J, et al. Ambulatory reflux monitoring for
diagnosis of gastro-esophageal reflux disease: update
of the Porto consensus and recommendations from an
international consensus group. Neurogastroenterology
& Motility. 2017;29(10):1-5.Doi:10.1111/nmo.13067.
Mallah N, Turner JM, Gonzalez-Barcala FJ, Takkouche
B. Gastroesophageal reflux disease and asthma
exacerbation: A systematic review and meta-analysis.
Pediatric Allergy and Immunology.2022;33(1):e13655.
Doi:10.1111/pai.13655.

Lupu VV, Miron I, Tarca E, Trandafir LM, Anton-
Paduraru DT, Moisa SM, et al. Gastroesophageal reflux
in children with asthma. Children. 2022;9(3):336. Doi:
10.3390/children9030336.

Reddel HK, Taylor DR, Bateman ED, Boulet LP,
Boushey HA, Busse WW, et al. An official American
Thoracic  Society/European  Respiratory  Society
statement: asthma control and exacerbations:
standardizing endpoints for clinical asthma trials and
clinical practice. American Journal of Respiratory
and  Critical Care  Medicine.2009;180(1):59-
99.D0i:10.1164/rccm.200801-060ST.

J Uni Med Dent Coll



GERD association with childhood asthma

17.

18.

19.

20.

21.

22.

23.

24.

Cantarutti A, Barbiellini Amidei C, Valsecchi C,
Scamarcia A, Corrao G, Gregori D, et al. Association of
treated and untreated gastroesophageal reflux disease in
the first year of life with the subsequent development of
asthma. International Journal of Environmental Research
and Public Health.2021;18(18):9633.D0i:10.3390/
ijjerph18189633.

Tanner N, Saglani S, Li AM, Bush A, Fleming L.
Airway inflammation in severe asthmatics with acid
gastro-oesophageal reflux. Thorax.2022;77(4):398-
399.Doi:10.1136/thoraxjnl-2020-216304.

Ghaemi MR, Radvar M, Houshmand H, Ajdari A.
Evaluating the association between gastroesophageal
reflux disease (GERD) and obesity and asthma severity
in 6-18 years of old patients referring to the Allergy
Clinic of Urmia University of Medical Sciences. Clinical
Cancer Investigation Journal. 2022;11(1-2022):1-6.
Arul P, Vinoth B, Alexander T, Phansalkar M, Padhi
S. Correlation of narrow band imaging endoscopy
and histopathology in the diagnosis of nonerosive
reflux disease. Saudi Journal of Gastroenterology.
2015;21(5):330-336.D0i:10.4103/13193767.164205.
Thakkar K, Boatright RO, Gilger MA, El-Serag HB.
Gastroesophageal reflux and asthma in children: a
systematic review. Pediatrics.2010;125(4):€925-¢930.
Doi:10.1542/peds.2009-2382.

Havemann BD, Henderson CA, El-Serag HB. The
association between gastro-oesophageal reflux disease
andasthma:asystematicreview. Gut.2007;56(12):1654—
1664. Doi:10.1136/gut.2007.122465.

Paoletti G, Melone G, Ferri S, Puggioni F, Baiardini
I, Racca F, et al. Gastroesophageal reflux and asthma:
when, how, and why. Current Opinion in Allergy and
Clinical Immunology.2021;21(1):52-58.D0i:10.1097/
ACI.0000000000000705.

Ates F, Vaezi MF. Insight into the relationship
between gastroesophageal reflux disease and asthma.
Gastroenterology & Hepatology. 2014;10(11):729-736.

Author Contributions:

Seemab Saleem: Substantial contributions to the conception
,design and the acquisition of data for the work.

Saba Wamiq : Interpretation ,Drafting the work  and
reviewing it critically for important intellectual content.
Rabeea Saadat: Analysis and interpretation of data.

Saima Manzoor: Final approval of the version to be
published.

Vol. 16, Issue 4, October-December, 2025

Submitted for publication: 9-03-2025
Accepted after revision: 25-05-2025

1187



