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ABSTRACT 

Objectives: Previous reports correlating obesity with 
gastroesophageal reflux disease (GERD) in children 
have yielded conflicting results. This study examined 
whether increasing BMI (body mass index) correlated 
with increasing grades of endoscopic and/or histopa- 
thologic GERD in a cohort of inner city children. De- 
signs and Methods: 340 consecutive children (1 - 18 
years) were classified as obese (BMI > 95%) for age 
and gender. Both endoscopic findings and esophageal 
histopathology were characterized by graded adult 
GERD scoring systems. Normal and abnormal grades 
were then stratified based on BMI. Results: In the 
study cohort (mean age 10.5 ± 4.7 yrs), 29% were 
obese (BMI > 95%) and 24% of the total cohort dem- 
onstrated endoscopic features of GERD. With in- 
creasing severity of endoscopic GERD (from normal 
to advanced), the percentage of obese patients at each 
grade did not increase (Grade 0 = 30%, Grade 1 = 
26%, Grades 2 - 4 = 30%). Histopathologic findings 
consistent with GERD were noted in 21% of the to- 
tal population studied. Again, the percentage of obese 
children in each diagnostic category (Grades 0 - 3) 
did not increase with increasing severity of inflam- 
mation. Conclusions: In this cohort of inner city 
children, obesity was not associated with an increased 
prevalence of GERD as defined by adult scoring sys- 
tems.  
 
Keywords: Pediatric; GERD; Obesity; Endoscopy; 
Histopathology 

1. INTRODUCTION 

Obesity, defined by body mass index (BMI) [1-6] or by 
abdominal circumference [7,8], is an established risk 
factor for gastroesophageal reflux disease (GERD) [1-8] 
and for its complications [1,2,3,7] in adults. However, 
the published data analyzing the relationship between 
obesity and GERD in children have yielded conflicting 
results. Part of this controversy is related to the fact that, 
while GERD in children is frequently diagnosed and 
treated, the accepted diagnostic criteria are somewhat 
subjective, making evidence based conclusions chal- 
lenging. Two recent pediatric publications, one a clinical 
practice guideline issued jointly by the North American 
and European Societies for Pediatric Gastroenterology, 
Hepatology and nutrition [9], and the second interna- 
tional consensus [10], defined pediatric GERD as “when 
the reflux of gastric contents causes worrisome symp- 
toms or complications”. The joint guideline also con- 
cluded that “history and physical examination may be 
sufficient to diagnose GERD if the symptoms are typi- 
cal” [9]. Both publications acknowledged that in children: 
1) reflux tests may identify variations from normal, but 
cannot predict symptom severity, natural history or re- 
sponse to therapy; 2) daily GERD symptom question- 
naires have some value, but are not validated; 3) no 
validated or universally accepted endoscopic findings 
exist to diagnose GERD; and 4) histologic findings are 
neither sufficiently sensitive nor specific to diagnose 
reflux esophagitis and conversely, absence of these his-
tologic changes does not rule out GERD. Hence, publi-
cations investigating GERD in children have employed a 
variety of criteria to define cohorts and determine epi-
demiologic associations. 

*Disclosures and conflicts: none of the authors have any reported con-
flicts of interest. 
#Corresponding author. 

Among the three published studies that have demon- 
strated a positive correlation between obesity and GERD 
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in children, there is no uniformity in how the investiga- 
tors diagnosed GERD [11-13]. A questionnaire given to 
236 obese (ages 7 - 16 years) children attending the Yale 
pediatric clinic yielded a significantly higher reflux 
symptom score (13.1%) compared to their control patient 
group (2%) [11]. A large study utilizing a coding diag- 
nosis of GERD from over 690,000 children reported a 
GERD odds ratio of 1.3 for GERD in obese children ages 
6 - 19 years, compared with normal weight subjects. In 
contrast, obesity was not significantly associated with an 
increased risk for GERD in children aged 2 - 5 years in 
the same study [12]. A third retrospective chart review, 
conducted at the Texas Children’s Hospital, identified 
627 urban children (ages 2 - 17 years) with GERD based 
on upper gastrointestinal endoscopic evaluations (n = 
131) or on clinical symptoms (n = 496). The authors con- 
cluded, regardless of the defining criteria, a positive as- 
sociation existed between childhood obesity and GERD 
[13].  

In contrast to the above associations, two recent pedi- 
atric studies that employed histopathologic diagnostic 
criteria, failed to show a positive correlation between 
obesity and GERD. A retrospective review of a pre- 
dominantly Caucasian cohort of 738 children (mean age 
10.6 ± 3.4 years) from West Virginia, utilizing distal 
esophageal biopsies, and analyzed with an adult GERD 
scoring system, concluded that reflux esophagitis was 
not associated with increased BMI [14]. Another review 
of distal esophageal tissue from 230 New York City chil- 
dren (2 - 20 years) employed a modification of a differ- 
ent adult GERD histology scoring scale [15]. These au- 
thors also found a similar prevalence of reflux esophagi- 
tis (23.9%) in their overweight (BMI > 85%) and normal 
weight group (24.5%) [16].  

The impact of any potential association between BMI 
and disease is highlighted by the alarming increase in the 
prevalence of obesity in children in the United States 
[17]. While this epidemic is widespread, the greatest 
increases have been documented in Mexican American 
and Non-Hispanic African-American children and teen- 
agers [18]. According to New York City Department of 
Health data from 2007, the prevalence of obesity in 
Brooklyn children is 26%, significantly higher than the 
national average [19]. Since the majority of the patients 
treated in our hospital come from the most vulnerable 
ethnic group, inner-city African-Americans, determining 
whether increased BMI predisposes to the onset and se- 
verity of GERD in this population is of particular impor- 
tance. This report describes the prevalence of GERD as a 
function of BMI in a cohort of inner city children who 
underwent upper endoscopy and biopsy. As validated 
quantitative scoring systems for diagnosing and charac- 
terizing pediatric GERD do not exist, and since the sig- 
nificance of any association between obesity and GERD 

will ultimately be determined by whether pediatric 
GERD is a true precursor to the complications seen in 
adults, this study measured GERD utilizing endoscopic 
[20] and histologic [15] grading systems employed in the 
adult literature. 

2. PATIENTS AND METHODS 

A retrospective analysis of the medical records of all 367 
children who underwent an upper endoscopy for symp- 
toms consistent with GERD between Jan 1, 2007 and 
Dec 31, 2009 was performed. Although the chart review 
did not include ethnicity, the medical center and our di- 
vision sees almost 80% African American and Afri- 
can-Caribbean patients, with the majority of the remain- 
ing children being Hispanic. The only children excluded 
were those less than 1 year of age, those without anthro- 
pometric data, and those in whom esophageal biopsies 
were not available for review. We identified 340 eligible 
patients for whom a complete data set was available in- 
cluding demographic data (age, gender, height, weight 
and a calculated BMI), endoscopy reports, histopathol- 
ogy reports and slides for review. The mean age of the 
entire group was 10.5 ± 4.7 years. Combining the two 
highest BMI groups, 43% of the total cohort was obese 
or overweight. The patients were divided into 3 age 
groups: 1 - 5 years, 6 - 10 years, and 11 - 18 years. All of 
the esophageal biopsies performed were independently 
reviewed for this study by two blinded pathologists (AN, 
XZ). The patients’ gender-specific BMI percentiles were 
calculated, based on the Centers for Disease Control 
(CDC) values reported for year 2000 [21]. Groups were 
defined as follows: underweight (BMI < 5th%), normal 
weight (BMI for age >5th% to <85th%), overweight (BMI 
for age ≥85% to <95%) and obese (BMI for age ≥95%). 

In these analyses, endoscopic and histologic esophag- 
eal abnormalities were graded using scoring systems 
developed for classifying GERD in adults. The Het- 
zel-Dent scoring system [20] was used to characterize 
the endoscopic features of GERD. This scoring system is 
commonly applied to adult patients, and it has been 
recommended for use in children by consensus panels 
[9,10]. Classification of distal esophageal histopathology 
was determined utilizing the criteria developed by Zenti- 
lin et al. to diagnose GERD in adults [15]. In both, Grade 
0 is considered normal with increasing scores (Grades 1 - 
4 endoscopic and Grades 1 - 3 histopathologic) defining 
increasing severity. The study was approved by the In- 
stitutional Review Board of State University of New 
York, Health Science Center at Brooklyn, New York. 

3. STATISTICAL ANALYSIS 

The statistical analysis employed the ordinal nature of 
the variable grades of endoscopic (Grades 0 - 4) and 
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histopathologic (Grades 0 - 3) abnormalities. Spearman 
correlation coefficients for associations between BMI 
and GERD features were calculated and found to be not 
significant (data not shown). Therefore, in order to con- 
trol for the potentially confounding variable of age, gen- 
eralized Cochran-Mantel-Haenszel tests [22] determined 
significant associations between BMI and either histol- 
ogy or endoscopy. A two sided p value < 0.05 was con- 
sidered statistically significant. Data were analyzed with 
SAS software, version 9.2 (SAS Institute, Cary, NC). 

4. RESULTS 

The demographic characteristics of the study population 
(mean age, gender, and BMI) are shown in Table 1. In 
this cohort of children aged 1 - 18 years, 29% were obese, 
14% were overweight, 51% were in the normal range 
and 6% were underweight. These values highlight the 
increasing BMIs in inner-city cohorts and are consistent 
with previously published data for the borough of 
Brooklyn [19]. Figure 1 shows the BMI of the entire 
range of the cohort and defines the sub-cohorts of obese, 
overweight, healthy (i.e. normal) weight and under- 
weight. The indications for endoscopy (abdominal and/or 
chest pain, regurgitation and/or emesis, or both) were 
independent of the patients’ BMIs. For obese, over- 
weight, and normal children the percent studied for re- 
gurgitation/emesis was: 17%, 23%, and 18%. The per- 
cent with only pain was: 74%, 69%, and 76% stratified 
by the same weight group distribution, and for children 
with both pain and emesis the prevalence was 6%, 8%, 
and 6%. The remaining few had dysphagia. Figure 2 
examines the distribution of BMI of the study patients 
based on three different age groups: 1 - 5 years, 6 - 10 
years and 11 - 18 years. While a high prevalence of obe- 
sity was observed in all age groups, it was highest (41%) 
in the 6 - 10 years group. This prevalence is greater than 
twice the (20%) reported in the NHANES 2007-2008 
data set for American children aged 6 - 11 [17]. 

As discussed under methods, adult scoring systems 
were employed in this study. Of the total number of 340 
study subjects, 258 (76%) had normal (Grade 0) endo- 
scopic findings. Thirty percent of the patients with nor-  
 
Table 1. Demographic characteristics of study population. 

Number of patients 340 

Mean age ± SD years 10.5 ± 4.7 

Male: female ratio (165:175) 1.0:1.1 

Normal healthy weight (BMI >5% and < 85th) 
percentile) 

173 (51%) 

Overweight (BMI from 85th to 95th percentile) 45 (14%) 

Obese (BMI > 95th percentile) 98 (29%) 

mal mucosa were obese. Based on the adult criteria, 82 
children (24% of the total cohort) demonstrated endo- 
scopic abnormalities (Figure 3). Almost all of the find- 
ings, 72/82 (88%) had the mildest findings, consistent 
with Grade 1 GERD. As the remaining groups were so 
small, endoscopic Grades 2 (n = 6), 3 (n = 4), and 4 (n = 
0) were pooled and are presented together. The percent- 
age of obese children in each diagnostic category 
(Grades 0, 1, and 2 - 4) did not increase with increasing 
severity of mucosal involvement. Furthermore, no sig- 
nificant overall association was found between BMI and 
endoscopic grade (p = 0.75).  

Histopathologic grading of esophageal biopsies is 
shown in Figure 4. Of the total cohort of 340 patients, 
270 (79%) were classified Grade 0, without any histopa- 
thologic findings of GERD. Among the 270 normal 
studies, 30% were obese and 15% were overweight. 
Again, as the histopathologic severity of GERD in- 
creased, no increase in the proportion of obese children 
in each diagnostic category was noted (Figure 4). In 
addition, even after controlling for age, no significant 
correlations were found between BMI and the grade of 
histopathologic abnormality (p = 0.16). 

5. DISCUSSION 

In adults, numerous meta-analyses and/or large scale 
population studies have established a positive correlation 
between obesity and GERD [1-8]. Because any signifi- 
cant GERD related morbidity in obese children will 
likely be similar in nature to GERD related morbidity in 
obese adults, and because no quantitative, validated cri- 
teria to diagnose pediatric GERD have been established, 
this study employed adult endoscopic and histologic cri- 
teria. The most reliable endoscopic feature of GERD in 
adults, visible breaks in the esophageal mucosa [23], has 
been employed to develop an endoscopic scoring system 
that has been recommended for use in children [9,10]. 
Although expert consensus panels maintained that eso- 
phageal histopathology is unable to diagnose or to ex- 
clude pediatric GERD [9,10], a recent multicenter Italian 
study on GERD in children concluded that the histopa- 
thologic finding of esophageal inflammation is often a 
more sensitive criterion than endoscopic appearance [24]. 
These authors also found that both the endoscopic and 
the histologic scores of esophagitis improved after acid 
suppression therapy. The interpretation of esophageal 
biopsies in our cohort employed a quantitative histopa- 
thologic scoring system that has a high sensitivity (84%) 
and specificity (85%) for diagnosing GERD in adults 
[15]. This same scoring system had also been previously 
adopted for use in children [16]. 

Our inner city population referred for upper endoscopy 
included a large proportion (43%) of children with BMI  
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Figure 1. The distributions of BMIs in the study population. The classifications of BMIs were 
based on the percentiles found on the standardized CDC growth curves developed from 2000 data. 
The same representation of the different BMI groups is maintained throughout the paper. 

 

30%
20%

41%

23%

13%

12%

10%

17%

50%

60%

41%
55%

7% 8% 8% 5%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

P
at
ie
n
t 
P
e
rc
e
n
t

Underweight (<5 %le) 22 4 9 9

Healthy (5‐85 %le) 172 31 51 90

Overweight (85‐95 %le) 48 6 14 28

Obese  (>95 %le) 98 10 51 37

Tota l  cohort (N = 340) 1‐5 yrs   (N = 51) 6‐10 yrs  (N = 125) 11‐18 yrs  (N = 164)

29% 

14% 

 

Figure 2. The individual distributions of BMIs based on the ages of the children in the study. In the 
age group 6 - 10 years, the prevalence of obesity is statistically greater (p < 0.01) than the other two 
aged groups. 

 
in the overweight-obese range. This provided us with the 
opportunity to compare the presence and severity of 
GERD among normal weight, overweight, and obese 
children. In this study, neither endoscopic nor histopa- 
thologic GERD increased with increasing BMI. In addi- 
tion, neither macroscopic nor microscopic disease sever- 
ity showed an overall correlation with increasing BMI. 
This same conclusion had been previously reached in 

both rural [14] and urban [16] American children and 
would seem to be inconsistent with the extensive data 
associating these conditions in adults. 

Several explanations could account for the variance 
between the correlation of obesity with adult GERD and 
our findings. All of the potential problems alluded to 
above in diagnosing GERD in children, and/or the theo- 
retical limitations in applying adult scoring systems to  
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Figure 3. The percentages of obese, overweight, and healthy weight children with various grades of distal 
esophageal endoscopic findings. Higher grades indicate greater degrees of abnormality as described in 
methods. All of the p-values comparing the proportions of obese patients among the various groups are 
not significant, p > 0.05. 
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Figure 4. The percentages of obese, overweight, and healthy weight children with various degrees of distal 
esophageal histopathology. Higher grades reflect greater degrees of esophagitis as described in the methods. 
All of the p-values comparing the proportions of obese patients among the various groups are not significant, 
p > 0.05.   
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pediatric subjects, could conceal a relationship that exists. 
These theoretical limitations are particularly relevant, as 
relatively few of our children had the advanced degrees 
of either endoscopic or histologic esophageal disease 
frequently encountered in adults. Additionally, variations 
in the documentation of endoscopic esophagitis, the bi- 
opsy protocols employed, and the staining and interpre- 
tation of biopsy specimens have been widely recognized 
[9,10]. Any or all of these assessment variables may have 
potentially obscured a true association. While not uni- 
versally confirmed, one study failed to find a correlation 
between obese African Americans adults and GERD [8]. 
Hence, a conclusion in our population may not be able to 
be generalized to Caucasian children. Finally, several 
authors have reported, in adults, that increasing abdomi- 
nal circumference is a more sensitive variable than BMI 
to correlate with GERD [7,8]; unfortunately, that data are 
not available for our cohort. However, we speculate that 
the inability to correlate obesity and GERD in children 
may be related to the same factors that have confounded 
prior attempts to stringently define pediatric GERD.   

While GERD is universally recognized as a pathologic 
state resulting from the retrograde passage of gastric 
contents into the esophagus, the etiopathogenesis of this 
phenomenon has substantial variability based on age. 
Among adults with GERD, hiatal hernia and age-related 
weakening of the lower esophageal sphincter (LES) had 
previously been proposed as primary risk factors; how- 
ever, presently the most widely accepted predisposing 
event involves transient, inappropriate LES relaxations. 
In children, the specificity of the accepted pediatric 
GERD diagnostic criteria is inherently compromised by 
the more frequent occurrence of infections, allergies, 
respiratory conditions, and dietary intolerance that can 
all transiently impair upper gastrointestinal physiology 
and yield “worrisome symptoms”. It is also probable that 
the large majority of pediatric GERD, as in the present 
study, have milder objective findings, which could po- 
tentially compromise the sensitivity of the currently ac- 
cepted diagnostic criteria. 

Although the results of our retrospective study fail to 
demonstrate an association between pediatric GERD and 
obesity, they do not address the possibility that obese 
children, especially those that remain morbidly obese, 
may have reflux that is more likely to persist beyond 
adolescence. The chronicity of the condition could put 
them at higher risk for the complications noted in obese 
adults. Although the pediatric consensus definition dis- 
cusses obesity in the section for conditions predisposing 
for severe, chronic GERD [10], this is based only on 
adult data. Given the epidemic of overweight, obese, and 
morbidly obese children who are at risk for becoming 
obese adults, prospective, long-term studies on the natu-
ral history of GERD and its complications in this cohort 

are desirable. Ideally, these will employ universally 
validated or consensus driven guidelines to objectively 
and quantitatively diagnose and measure pediatric GERD. 
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