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Abstract. 
The prevalence of GERD (Gastroesophageal reflux disease) is 
rising in the world and this review was done to analyze GER and 
GERD effects and their prevalence in infants and children and if 
left untreated, they have many consequences. Gastroesophageal re-
flux (GER) is a chronic GI disorder characterized by regurgitation 
of the gastric acidic content from the stomach into the esophagus 
that may result in vomiting and regurgitation. It is a consequence 
of insufficient lower esophageal sphincter tone and because of 
other anatomical factors. Gastroesophageal reflux disease (GERD)
can cause many complications. History and physical examinations 
are sufficient to diagnose most cases. Endoscopy, barium swallow 
study, and pH monitoring are reserved for patients with atypical 
presentations, red flag signs, the possibility of another diagnosis, 
or not responding to conventional treatment. Most infants with re-
gurgitation get better by 12 months and do not need any interven-
tions. Most infants respond to body position changes while awake, 
frequent low-volume feeding, thickening of the formula (i.e., rice 
cereal), and anti-regurgitation formula. For suspected cow milk 
protein sensitivity, as one of the possible triggers for GERD, exten-
sively hydrolyzed or amino acid formulas, and, in breastfed infants, 
elimination of cow’s milk from the mother’s diet could help. This 
article analyzes GER and GERD effects and their prevalence from 
a systematic literature review. This study shows that the incidence 
of GERD is rising and becoming more frequent in infants and in 
children with co-morbidities.

Introduction
Definition: GER is the passage of gastric content from the stomach to 
the esophagus, with or without regurgitation or vomiting.[1]
GER is a common chronic GI disorder. As per [2], It is normal physi-
ologically, typically after meals, it occurs throughout the day in infants 
and decreases in frequency in children and adolescents. It may be as-
ymptomatic or cause mild regurgitation or rarely vomiting. Regurgita-
tion is caused by passive reflux from the stomach into the pharynx 
or oral cavity. At the same time, vomiting is the forceful expulsion of 
stomach contents into the mouth, which involves autonomic and vol-
untary muscle contractions, sometimes triggered by reflux. Regurgita-
tion following most feed has been reported in 20% of a healthy infant 

at one month of age. This can increase to 41% between 3 and 4 months 
of age, then decrease, becoming rare after one year [3]. The diagnosis 
and workup of GER and GERD depend on the clinical symptoms and 
signs, including physical and medical assessment. However, the symp-
toms and signs may be non-specific, requiring additional diagnostic 
investigation to qualify and quantify the condition. The typical sign 
and symptom of GER is heartburn, a burning feeling around the chest 
that radiates towards the mouth but can only be reported by an older 
child. The infant may present with recurrent regurgitation or Vomit-
ing, irritability after feeding, prolonged feeding or feeding refusal, or 
back arching. Projectile vomiting towards the end of the first months 
of life, significantly worsening of the clinical course, is possible due to 
pyloric stenosis and requires further workup by abdominal ultrasound 
and surgical referral. Recurrent nonprojectile vomiting or regurgita-
tion is uncommon beyond 18 months and suggests GERD or more 
concerning pathology. Poor weight gain, coughing, or choking dur-
ing feeding may also indicate GERD and require further workup. Bil-
ious vomiting is a red flag sign at any age, particularly in the first few 
months of life, and is an emergency as it suggests intestinal obstruc-
tion. Gastrointestinal bleeding also requires further workup.
GER is more common in infancy when it’s mostly physiological and 
doesn’t require any treatment. Diagnosis of GER and GERD primarily 
relies on the clinical history and physical examination; if missing, it 
may have long-term consequences. The primary aim of the review is 
to determine the prevalence of GERD in pediatric age and its common 
presentation in the different age groups to make primary care provid-
ers aware of possible presentation and its consequences.

Epidemiology
Healthy infants commonly experience gastric reflux in the esophagus 
daily.  In infants, GERD symptoms are noted in more than a quarter 
of infants daily and show a steady decline in frequency with almost 
complete disappearance of symptoms by the of 12 months. In children 
older than 18 months, GERD symptoms show considerable variation 
in prevalence between studies (range 0%-38% of the study population) 
and, overall, are present in >10% and 25% on, respectively, a weekly 
and monthly basis [4]. Infants, especially preterm born, are vulnerable 
to developing gastroesophageal reflux because of, impaired peristalsis 
of the esophagus, lower pressure of the lower esophageal sphincter, 
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slower gastric emptying, and relatively large milk intake. Some studies 
associate gastroesophageal reflux in infants with cow milk protein al-
lergy [5]. On the other hand, breastfed infants are less likely to experi-
ence gastroesophageal reflux.

Gastroesophageal Etiology
Most GER is caused by stomach acid influx to the esophagus. Addi-
tional results have shown that many of GER episodes are non-acidic. 
However, refluxed gastric content is highly acidic when a patient suf-
fers from reflux esophagitis [4]. GER is also associated with infant po-
sitioning, nonnutritive sucking, and the type of food the infants were 
given. Placing an infant seat inclined at 60 degrees is detrimental to 
GER as it is related to 28.2 % of GER cases than cases recorded in 
a prone position [6]. However, there is no significant difference in 
points in infants seated in the horizontal position, and those placed 
in the horizontal position in a bed or seat turned at 30 degrees. Gas-
troesophageal reflux is more prevalent in infants and children who are 
overweight and obese and those with congenital heart disease, neu-
rological impairment, chromosomal abnormalities, gastrointestinal 
tract abnormalities, and congenital diaphragmatic hernia. Obesity has 
been identified as one of the predisposing factors as the condition is 
associated with higher intragastric pressure and increased transient 
relaxation of the lower esophageal sphincter [7]. It also frequently oc-
curs in patients with interstitial lung disease and cystic fibrosis [8]. The 
condition might also be caused by a depressed diaphragm caused by 
abnormal pressure, hyperinflation, and chronic coughing. Esophageal 
mucosa is a defense against acid actions. Its protective property can be 
breached by prolonged exposure to acidic gastric and alkaline duode-
nal content leading to its damage [9]. The accumulation of acidic con-
tent from the stomach contributes to GER due to delayed gastric emp-
tying. Esophageal squamous epithelium provides a protective defense 
against acidic reflux. The disruption of the muscle layer leads to GER 
risks. Motor abnormalities such as esophageal dysmotility have been 
linked to esophageal reflux as it causes impaired acid clearance, tran-
sient LES relaxation, lower pressure of the lower esophageal sphincter, 
and delayed gastric emptying.

Gastroesophageal Reflux Effects
Chronic GER leads to frequent heartburn as a result to the reaction 
of the acid from the stomach. The burning sensation shows that the 
esophagus lining is getting battered with stomach acid damaging the 
tissues along the organ. The regular acid influx in the esophagus leads 
to chronic inflammation and severe complications such as chronic 
mucosal damage. The short-term effects of the condition among pre-
term and term infants include fussiness during or following feeding, 
posseting, sleep interruptions, irritability and back arching, and fre-
quent spitting up [10]. High-risk brief resolved unexplained event 
(HR-BRUE) episodes were reported as occurring during or after feed-
ing (11). 

The distribution of symptoms and gastroesophageal effects in a 
group of infants who had HR-BRUE [8]

Adverse effects of the condition include swallowing dysfunction, re-

current bronchiolitis, oxygen desaturation, choking, apnea, wheez-
ing, adverse respiratory, neurobehavioral, and gastrointestinal effects, 
lower energy intake, aspiration pneumonia, and frequent vomiting 
[11]. The study examining the long-term effect of GER in children 
[12] showed that GER could result in excessive weight loss, delayed 
development, and dysfunctional swallowing. The evidence from the 
study indicates that GER is chronic and has a long-term impact on 
children [13]. Lack of esophageal histology improvement can lead to 
long-term effects such as strictures and esophageal dysplasia that can 
lead to adenocarcinoma. The study's finding also shows an abnormal-
ity in esophageal histology in children under one year. 
GER is implicated as contributing factor to many otolaryngologi-
cal and pulmonary disorders. It is associated with otalgia, laryngitis, 
rhinitis, chronic cough, stridor, reactive airway disease, and contact 
ulcerations. It is also responsible for airway diseases such as chronic 
sinus disease. In the study, many participants with GER showed signs 
and symptoms of sinusitis [14]. The most commonly reported symp-
toms among the GER group include cough, nasal obstruction, irri-
tability, sore throat, and postnasal drainage. Chronic GER results in 
respiratory complications such as sinusitis, obstructive bronchitis, and 
reactive airway disease [15]. Gastroesophageal reflux can also result in 
recurrent otitis media.
GER is also associated with rumination and protein-losing enteropa-
thy. Additionally, it causes peptic esophagitis, leading to gastrointes-
tinal bleeding [16]. The bleeding may lead to melena, hematemesis, 
and iron deficiency anemia. Sleeping interruption and arousal have 
been associated with GER due to a more significant release of noc-
turnal acid reflux when a child is lying down. The development of 
peptic esophagitis leads to complications such as Barrett's esophagus, 
esophageal mucosal dysplasia, esophagus shorting, and stricture for-
mation [17]. Due to the inconsistency of heartburn as the main symp-
tom of the disease diagnosis, there is a range of diagnostic investiga-
tions, such as 24 hours pH monitoring, to provide quantitative data on 
the duration and frequency of esophageal exposure to acid. The other 
methods for GER diagnosis are multiple intraluminal impedance and 
upper gastrointestinal endoscopy for detecting esophageal inflamma-
tion or erosion and histology of esophageal biopsies. Most diagnostic 
procedures for gastroesophageal reflux are invasive and should only 
be implemented for infants with recurrent pneumonia, upper airway 
inflammation, apnea, and non-epileptic seizure.
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Prevalence of Gastroesophageal Reflux
According to the research done by Curien-Chotard and Jantchou[18], 
the prevalence of gastroesophageal reflux varies depending on the 
population. In this study, the regurgitation incidence during the first 
month of life was 72.3% (95% confidence interval (CI) [64.9–79.7]). 
The percentage of infants regurgitating at least once a day decreased 
after that: 69, 56, 18, and 13% at 3, 6, 10, and 12 months, respectively. 
Few infants regurgitated more than six times a day (7% at one month 
and 6% at 3, 6% at six months of age, and none after that). The pro-
gression of physiological GER and GERD were markedly different. 
Whereas physiological GER peaked at three months of age (59.4%), 
GERD peaked at one month of age (19%) Singendonk, and al. [3] con-
ducted a systematic review of the prevalence of GER symptoms in in-
fants and children. The study categorizes the condition's prevalence 
based on risk factors such as age, sex, mode of feeding (for infants), 
and BMI. Results of one of the analyzed studies show that the preva-
lence of GERD symptoms is 3.2 % for children below ten years of age, 
and based on eight other studies, the prevalence was 10.1 % for chil-
dren above ten years old. 
According to the study of Dahlen et al., GER was highly prevalent in 
infants between the ages of 3 to 4 months, with higher prevalence seen 
in infants born preterm [19]. However, the prevalence rate of GER 
decreases for infants born prematurely from forty weeks onwards. 
The number of infants with GER remains significant in the residential 
units, with many GER cases remaining significantly and moderately 

maintained within twelve months after birth [20]. The figures below 
show the visual representation of the results of the study.

Another study indicates that almost 50 % of healthy infants, using the 
PubMed database, regurgitate at least once a day, and the observation 
is at its peak at four months of age. Still, it doesn’t require any interven-
tion or treatment most of the time [21]. 

Evaluation
The evaluation depends on age and symptoms [22]
Infants and young children: No single test is enough to make a reli-
able diagnosis of GERD. Clinicians must rely on clinical assessment 
and diagnostic tests. It’s very difficult to differentiate between physi-
ologic and pathological GER, especially in infants. So, the evaluation 
of GERD in young children, especially infants, should be based on 
if some associated co-morbidities or red flags are present. Some co-
morbid conditions frequently associated with GERD are Neurologic 
impairment and obesity. Hiatal hernia, chronic respiratory disorders, 
prematurity, etc. At the same time, red flags which may require fur-
ther evaluations include but are not limited to bilious vomiting, GI 
bleeding, forceful vomiting, failure to thrive, persistent GI symptoms 
like constipation or diarrhea, neurological conditions (Seizure, micro/
macrocephaly), suspected metabolic problems.

Older children and adolescents: They may report classic symptoms 
like the adult of heartburn and regurgitation, and diagnosis may not 
be difficult in this age group.

1) Proton pump inhibitor (PPI) test: It is generally represented first-
line diagnostic and therapeutic modality in adults and can be used in 
older children and adolescence. PPI is given for 2-4 weeks which can 
be extended up to 12 weeks if the symptomatic improvement is noted. 
If there is a 50% reduction in symptoms, its highly suggestive of GERD, 
and this approach can be used in older children and adolescents who 
present with typical GERD symptoms with no red flags signs.
2) Endoscopy and esophageal biopsy: The use of upper GI endoscopy 
should be reserved in patients with red flags or refractory symptoms. 
But it may not always be helpful as the macroscopic appearance of 

Figure 1: The proportionality of infants diagnosed with GER weeks 
after birth [19]

Figure 2: Percentage of cased relative to infant ages according to ad-
mitted cases [19].

Figure 3: The difference between residential and in-hospital cases 
[19].
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mucosa in children may not correlate with histological findings. At 
the same time, histology findings in children are insufficient to sup-
port GERD as inflammatory infiltrate can be patchy. Often, esophageal 
eosinophilia can be found with cow milk protein allergy or even in 
asymptomatic infants, so difficult to differentiate from Eosinophilic 
esophagitis.
3) Upper GI contrast series: It’s not recommended in the pediatric age 
group to diagnose GERD because of a lack of standardized values and 
technique.
4) Reflux monitoring: PH metry and multiple intraluminal impedance 
(MII) Ph- impedance monitoring can be done to evaluate the pres-
ence of reflux. MII pH-impedance monitoring helps to discriminate 
between acidic (pH 4), weakly acidic (4 pH 7), and alkaline (pH 7) 
GER episodes. Almost 45% of infants diagnosed with GERD by MII 
pH-impedance would have had normal pH-metry.
5) Manometry: It’s not used to diagnose GERD but can be used to 
diagnose esophageal motility disorders.

Treatment
Lifestyle changes remain the fundamental treatment for maintaining 
GER and GERD. For infants, treatment involves proper positioning, 
modifying feeding, rarely acid-suppressive therapy, and surgery for 
chronic conditions. Modified feeding is implemented by giving infants 
dense food, providing infants with smaller, more frequent feedings, 
changing the mother's diet for lactating mothers, and using hypoal-
lergenic formula. Thickening of the formula is more effective, particu-
larly when infants are upright for close to 30 minutes after feeding 
[23]. Providing small and more frequent meals to infants keeps the 
stomach pressure down and thus reduces the frequency of reflux [2]. 
Medication can be helpful if the infant's health does not improve after 
the lifestyle and dietary treatment trial. The GERD patient should be 
treated with acid-suppressing medicine such as omeprazole and lan-
soprazole as a second-line treatment. Other drugs recommended to be 
used rarely in infants with GERD include promotility drugs and hista-
mine-2 (H2) blockers [24]. Promotility drugs promote gastric empty-
ing and thus reduce gastric content volume. Examples of promotility 
drugs are bethanechol, baclofen, erythromycin, cisapride, and meto-
clopramide. Promotility drugs are prohibited from being used as first-
line treatment for gastroesophageal reflux. Infants with life-threaten-
ing complications of GERD that are unresponsive to other therapy can 
be referred to surgical treatment such as ant-reflux surgery.

Conclusion
In conclusion, GER is more prevalent in children aged less than one 
year, but most cases resolve spontaneously with time as infants get old-
er. GERD incidence was age-dependent and highest among very young 
children and older female adolescents. Children with neurological im-
pairments, obesity, and other comorbidities have an increased risk for 
GERD. Unless there are red flags like failure to thrive, hematemesis, 
or forceful or bilious vomiting, most infants with GER need no treat-
ment, and just lifestyle modifications are recommended. Thickening 
of feeds, posture modification, and lifestyle changes, including weight 
loss in obese children, should be considered as the first-line treatment 
if reflux is frequent and causing symptoms. Pharmacotherapy should 

be considered in treating more severe gastroesophageal reflux disease 
for patients who do not respond to conservative measures. Proton 
pump inhibitors are preferred over H2-receptor antagonists because 
of their superior efficacy. Anti-reflux surgery is indicated for patients 
with significant gastroesophageal reflux disease with severe complica-
tions and not responding to medical therapy. The prevalence of GERD 
is rising worldwide, which may be related to increasing diagnosis, obe-
sity, or some other factor that needs to be investigated. 
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