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Abstract
The relationship between childhood asthma and gastro-oesophageal reflux (GOR) is contentious. Recent studies in adult asthmatics suggest that GOR is associated with worse control and differences in sputum proteomics related to epithelial integrity, systemic inflammation and host defence. We assessed 127 children with severe asthma undergoing bronchoscopy and pH study. There were no differences in asthma control or measures of airway inflammation or remodeling when those with acid GOR were compared to those without. These results suggest that acid GOR is not an important co-morbidity in paediatric severe asthma. 

Introduction
[bookmark: _Hlk77289862]Asthma is the most prevalent chronic disease in children, and up to 5% have severe therapy-resistant asthma (STRA)1. The relationship between asthma and gastro-oesophageal reflux (GOR) is controversial; hypothetically, GOR could worsen asthma, asthma worsen GOR, or GOR may be present but non-contributory to disease. For example, GOR has been shown to cause increased airway hyper-responsiveness via a neural reflex2, and aspiration may cause neutrophilic inflammation3. The role of GOR could be important, because if GOR is a true co-morbidity in paediatric asthma, treatment could improve STRA. . Indeed, a systematic review reported an association between asthma and GOR, with a higher prevalence of GOR in asthma patients4. However, results of GOR treatment in children with asthma are disappointing. A large randomized, double blind, placebo-controlled trial of proton pump inhibitors showed no benefit in asthma, irrespective of whether the child had reflux symptoms5. Although the clinical response to proton pump inhibitors in asthma has been investigated, whether there are distinct patterns of airway inflammation in asthma with and without GOR has not been explored. Were there to be differences in patterns of inflammation, this could lead to the deployment of novel anti-inflammatory therapies in GOR and STRA.

We hypothesized that STRA children with GOR have different patterns of airway inflammation compared to their non-refluxing counterparts. The present study aimed to relate the presence and severity of GOR to asthma control and airway inflammation. A subsidiary aim was to determine the prevalence of GOR in children who underwent a pH study as part of evaluation of STRA.


Methods
[bookmark: _Hlk71250794][bookmark: _Hlk71250995]This cross-sectional study was conducted at the Royal Brompton Hospital in 127 children, (67 boys), median age 11.9 years (range 5.6 to 17.3 years) who were referred for clinical evaluation of asthma symptoms not responding to treatment. All children had previously undergone a protocolised assessment to confirm the diagnosis of asthma, identify and remedy factors contributing to poor control, including poor adherence6. The selected study population were successive children who on this basis were thought to have STRA. We recorded atopic status, symptom control (Asthma Control Test (ACT)), spirometry, exhaled nitric oxide (FeNO) and induced sputum eosinophils on the day of bronchoscopy. Bronchoalveolar lavage (BAL) and endobronchial biopsies were collected. Detailed protocols for these measurements have been reported elsewhere7. All children underwent a 24- hour pH study using a single channel probe. The correct position (2 vertebrae above the diaphragm) was confirmed on chest x-ray and pH <4 for>6% of the time was defined as positive, provided the total recording time was at least 16 hours8. Any medications for GOR which had been previously prescribed on an empirical basis were withheld for 72 hours before the procedure. The sample size was opportunistic, and as this is the first study of its kind, there were insufficient data to inform a power calculation. Normally distributed data were analysed with simple t-test and presented as mean ±SD. Values that were not normally distributed were analysed with Mann-Whitney test and presented as median (range). Categorical data were analysed with chi-squared test. The local research ethics committee approved this study, and all procedures were performed with written informed parental consent and age-appropriate assent from the child. 

Results
[bookmark: _Hlk71254747][bookmark: _Hlk77290901]Twenty seven patients (21.3%) had a positive pH study (median reflux time 9.7%, range 6.1-21.6%), consistent with the previously reported prevalence4. There were no significant differences in age, gender, ethnicity, BMI, atopic status or asthma medication prescribed between those with and without GOR (Table 1). Children with and without GOR had similar spirometry, FeNO, ACT score, sputum eosinophils, percentage of BAL neutrophils and eosinophils, microbiology and virology. There were no differences in reticular basement membrane thickness or mucosal eosinophils between the two groups. Those with a positive pH study were significantly more likely to have been prescribed a proton pump inhibitor prior to the study on the basis of reported symptoms (30% versus 13% p=0.018). There was no relationship between severity of GOR and any of the measures of airway inflammation.  

Discussion
These data lend further support to the concept that, at least in severe asthma, GOR, when present, does not contribute to disease severity. The strength of the present study lies in the detailed non-invasive and invasive measurements of airway inflammation and clinical characterization of those classified as STRA, and the objective measurement of acid GOR. It is the largest study to compare objectively measured GOR and invasively measured airway inflammation in children.

[bookmark: _Hlk71831774][bookmark: _Hlk71248008][bookmark: _Hlk77289955][bookmark: _Hlk71250175]However, caution must be exercised in interpreting the results. Although our study is the largest of its kind in children, there were still only a relatively small number of children with GOR and for some variables such as sputum cytology, data were not available for all participants. Although we performed a number of detailed measurements of airway pathology, we cannot exclude the possibility that further measurements may have revealed some abnormalities. The U-BIOPRED group demonstrated differences in sputum proteomics in adults with asthma and reported GOR, related to epithelial integrity, systemic inflammation and host defence9. In another study from the same group10, also in adults with severe asthma, GOR, obesity and PPI treatment were associated with epithelial dysregulation. However, were they to be clinically significant, it seems likely that there would be downstream effects on airway inflammation and remodeling, which we could not detect. All the children had STRA, because invasive assessment of mild to moderate disease is not justified. Our conclusions should not be extrapolated to milder patients, or for that matter, to infants and pre-school children. Furthermore, we only studied acid reflux, because impedance studies were not available to us at the time of the study. Hence, we cannot comment on whether non-acid reflux could have been important. We acknowledge also that pH-metry is an imperfect tool to detect even acid reflux, but also, there is no test which is a gold-standard, a weakness of all GOR studies; however, pH-metry is generally taken to be the best option for detecting acid GOR in clinical practice. Finally, the normal range for acid reflux in children is also controversial, and non-acid reflux normal ranges are even less well documented in children. There were similar proportions in each group with moderate or large amounts of fat laden macrophages (FLMs) in BAL (data not shown). This can be considered an alternative measure of GOR. However, when those with and without FLMs were compared there were no differences in measure of airway inflammation or asthma control; thus measuring GOR this way does not influence the results or the conclusions. 

In summary, and contrary to our hypothesis, there were no differences in asthma control, spirometry, non-invasive measures of inflammation and patterns of BAL inflammation or airway remodeling in children with STRA with or without GOR. These data lend further weight to the view that GOR is not a relevant comorbidity in paediatric severe asthma.



Table 1 Comparison of clinical, physiological and pathological findings in children with and without GOR 
	[bookmark: _Hlk77285442]
	No GOR
n=100
	GOR
n=27
	p-value

	Age, years
	12.4 (9.60 – 14.6)
	11.0 (9.2 – 13.2)
	0.16

	Sex (male) 
	50 (50%)
	17(63%)
	0.46

	BMI, kgm2
	20.6 (17.3 – 23.7)
	 20.5 (16.5 – 27.4)
	0.8

	Prescribed PPI pre pH study
	13 (13%)
	8 (30%)
	0.018

	Atopy (n=106)
	 69 (80.2%)
	17 (70.8%)
	0.14

	Total IgE, International Units
	414 (130 – 1246)
	217 (51 – 540)
	0.11

	Blood eosinophils
	0.4 (0.2 – 0.83))
	0.6 (0.3 – 0.95))
	0.12

	Pre-bronchodilator FEV1% 
	76.4 (23.3)
	70.3 (21.6)()
	0.24

	Pre-bronchodilator FVC%
	91.2 (20.3)
	90.4 (21.0)
	0.86

	BDR%
	9.7 (3.2 -22.5)
	12.0 (4.8 – 28.9)
	0.63

	FeNO ppb (n=106)
	40.9 (17.0 – 66.8)
	41.1 (24.9 – 71.7)
	0.57

	ACT (n=90)
	12 (8 – 16)
	15 (9 – 17)
	0.23

	Sputum eosinophils%
(n=53)
	5.7 (2.1 – 12.5))
(n=41)
	18.0 (1.25 – 35.0)
(n=12)
	0.38

	Sputum neutrophils%

	25 (13.5 – 49.6)
	37.5 (12.7 – 57.3)
	0.52

	BAL eosinophils% (n=103)
	3.0 (0.9 – 7.0))
	3.3 (1.8 – 5.0)
	0.94

	BAL neutrophils%

	3.3 (1.3 – 5.8))
	3.3 (2.7 -5.5))
	0.65

	BAL microbiology positive
	18 (18.0%)
	68(30%)
	0.18

	BAL virology positive
	14 (14%)
	3 (11%)
	0.69

	Fat laden macrophages (n=91)

	None
	19 (27.1%)
	2 (9.5%)
	0.20

	Scanty 
	20 (28.6%)
	9 (43%)
	

	Moderate  / Large
	31 (44.3%)
	10 (4%)
	

	Biopsy

	RBM thickness  (microns) n=87
	7.1 (6.4-8.3)
(n=58)
	7.2 (6.1-8.0))
(n=19)
	0.59

	Eosinophil per mm2 area submucosa n=34
	69.3 (13.9 – 221.4))
(n=26)
	47.2 (10.8 – 154)
(n=8)
	0.59



Data shown as median (IQR) or mean (SD). Abbreviations: ACT, asthma control test; BAL, bronchoalveolar lavage; BDR, acute bronchodilator response to 1 mg inhaled salbutamol via a large volume spacer; BMI, Body Mass index; FeNO, fractional exhaled nitric oxide; FEV, Forced expiratory volume; FVC, forced vital capacity; GOR, gastro-oesophageal reflux; IgE, immunoglobulin E; PPI,  proton pump inhibitor; RBM, reticular basement membrane
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