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Background: Obesity especially visceral obesity is an important independent risk 
factor for the development of gastro-esophageal reflux disease (GERD) and, 
Barrett’s esophagus (BE). Aim: In this work, we aimed to evaluate serum 
adiponectin level in obese patients with GERD and Barrett's oesophagus as well as 
highlight its role in early predicting Barrett's oesophagus. Materials and Method: 
120 participants with BMI ≥ 25 were involved in this case control study. They were 
grouped into Group I: 30 participants of coincided BMI, age and gender as obese 
controls; Group II: included 60 patients with GERD, and Group III: 30 patients with 
BE. All participants were subjected to clinical evaluation, Upper endoscope and 
serum adiponectin by ELISA. Biopsy with histopathological evaluation to confirm 
BE was done. Results: Significantly lower plasma adiponectin levels were detected 
in BE patients compared to GERD patients and the control group with significantly 
higher plasma adiponectin levels in GERD compared to controls. ROC analysis 
showed that AUC was 0.958 at a cut-off point ≤ 0.74, sensitivity and specificity 
were (90.0% and 95.0% respectively) for prediction of BE in GERD patients. Lower 
adiponectin levels were found in patients with large sliding hiatus hernia, long-
segment Barrett as well as patients with high-grade dysplasia. Multivariate 
analysis displayed that adiponectin could be an independent predictor for BE. 
Conclusion: Obesity is a substantial risk for the development of GERD and BE. 
Adequate weight control is an important step for the prevention of BE. 
Additionally, adiponectin serum levels could be a reliable non-invasive biomarker 
for early prediction of BE.  
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INTRODUCTION 

Obesity has been defined by the World Health 
Organization (WHO) as an abnormal or 
excessive accumulation of fat that poses a 
health risk, and it is identified as one of today's 
most blatantly visible-yet-neglected public 
health issues, that has amounted to epidemic 
attributions. Obesity represents leading public 
health defiance (GBD Obesity Collaborators, 
2017). 

Obesity, particularly visceral obesity, have been 
thought about carefully as a significant 
independent risk factor for the development of 
GERD, Barrett's esophagus (BE), and esophageal 
adenocarcinoma (EAC). The simplest 

explanation is that abdominal obesity promotes 
gastro–esophageal reflux by mechanical impact 
(Alexandre et al., 2014; Carrossini et al., 2021). 

Gastro-esophageal reflux disease (GERD) is a 
categorical disease that displays itself in three 
diverse phenotypes that represent different 
disorders: non-erosive esophagitis, erosive 
esophagitis and Barrett’s esophagus (BE) (Dent 
et al., 2005; Labenz, 2009). It has been reported 
that the pathogeneses of GERD, BE and cancer 
are multifactorial and complex (Boeckxstaens et 
al., 2014). 

The prevalence of GERD is increasing around the 
world (Sharma et al., 2008). It is linked to poor 
quality of life besides lifestyle-related disorders 
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such as sleep disturbances. It has been found 
that this rise is most likely related to an increase 
in the prevalence of obesity worldwide (Roman 
and Pandolfino, 2010). 

Existing evidence showed that obesity has also 
been associated with GERD complications, 
including BE development and esophageal 
adenocarcinoma (EAC). These develop as a 
result of a mismatch between harmful elements 
and the oesophagus's defensive mechanisms 
(Vaezi and Richter, 1996). Obesity is thought to 
raise the likelihood of BE by two and a half folds. 
Furthermore, researchers discovered that every 
ten-pound increase in weight increases the risk 
of BE by 10%, and every five-point increase in 
BMI increases the risk by 35% (Stein et al., 
2005). 

It has been found that abdominal visceral fat is 
metabolically active and increased the 
inflammatory cytokines, cardiovascular disease 
in addition to insulin resistance (Calabro and 
Yeh, 2008). Esophageal inflammation, Barrett's 
esophagus, and esophageal adenocarcinoma 
are all linked to dysregulation of inflammatory 
cytokines released from the adipose tissue 
(Ryan et al., 2011). Diverse types of adipose 
tissue possess different hormonal effects, over 
and above that EAC and Barrett's disease are 
more closely linked to visceral obesity than to 
general obesity (El-Serag et al., 2014).  

Adiponectin is a 30 kDa protein that is secreted 
in large amounts by adipocytes. Low plasma 
levels of adiponectin have been linked to a 
raised risk of a variety of cancers including; 
colorectal cancer (CRC), gastric cancers (GC), 
breast, prostate, and endometrial (Kelesidis et 
al., 2006). Moreover, most cases of EA are 
thought to be caused by Barrett's esophagus 
(BE), a premalignant metaplastic syndrome that 
develops in the presence of chronic 
gastroesophageal reflux (Engel et al 2003). 

Consequently, attention is paid to study BE not 
only because patients diagnosed with BE are at 
high risk of developing EAC, but also because of 
the possibility that modifying behavioral risk 
factors for BE might be an effective method of 
preventing the development of EAC. So this 
work aimed to study serum adiponectin levels 
in obese patients with Barrett esophagus (BE) 
and to highlight its role in the early prediction of 

Barrett’s esophagus besides the assessment of 
its relation with the clinic-pathological and 
endoscopic finding in these patients.  

PATIENTS AND METHODS 

This case control study included one hundred 
and twenty participants. They were selected 
with BMI ≥ 25. Patients and controls were 
chosen from the Tropical Medicine Department 
Faculty of Medicine, Menoufia University 
Hospital and Shebin El-Kom Teaching Hospital 
between October 2018 to April 2020. 
Laboratory investigations were completed in 
Medical Biochemistry and Molecular Biology 
Department, Faculty of Medicine, Menoufia 
University. Patients were grouped into one of 
the three groups: Group I included 30 obese 
persons without GERD as obese control. They 
were selected from patients presented with 
upper GIT symptoms or atypical manifestations 
of GERD with no Gastro-esophageal reflux 
finding in upper endoscopy or patients who 
undergo endoscopic management of obesity or 
pre-operative assessment before bariatric 
surgery. Group II comprised 60 obese patients 
with GERD. Diagnosis of GERD was done by the 
history of typical or atypical reflux symptoms 
and confirmed by the characteristic features in 
upper GIT endoscopy. Group III comprised 30 
obese patients with Barrett's esophagus. 
Barrett's esophagus was diagnosed by 
characteristic endoscopic findings and 
confirmed by tissue biopsies with 
histopathological evaluation. The sample size 
was determined according to Greer et al. 2015 
who revealed that adiponectin level was 
elevated in BE cases than GERD patients and 
healthy control with an adjusted odds ratio 
(1.39 [0.70 – 2.76] and 0.65 [0.31 – 1.36]) for 
second and third tertiles of adiponectin level 
respectively and with p-value 0.29, at a power 
80%, alpha error 0.05 and control to case ratio 
2:1, the estimated sample size was 60 GERD 
patients as a control group and 30 BE cases as a 
study group as well as 30 subjects as a healthy 
control    

Participants included in this study were selected 
as specified by the following criteria: BM ≥ 25 
with or without GERD provided that diagnosis 
confirmed by esophago-gastro- duodenoscopy, 
additionally, histopathological assessment of 
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tissue biopsies were performed for patients 
with suspicious Barrett’s esophagus. Patients 
with previous gastroesophageal surgery, 
previous gastroesophageal cancer, patients 
with Inflammatory GI diseases that could be 
associated with low serum adiponectin level 
such as acute pancreatitis and inflammatory 
bowel diseases or autoimmune diseases as well 
as patients with malignancies anywhere in the 
body were excluded. Additionally, patients who 
received medical treatment with 
anticoagulants, statins, fibrates, nicotinic acid 
and acipimox that could affect serum 
adiponectin levels also were excluded. 

For all participants, history of epigastric pain, 
heart burn, regurge, nausea or vomiting, 
postprandial fullness and atypical 
manifestations of GERD including dysphagia, 
night shocking, reflux cough and reflux asthma 
were assessed. Furthermore, drug history, 
history of smoking, family history of GERD or 
Barrett’s esophagus were evaluated. Together 
with detailed clinical evaluation including 
estimating anthropometric measurements 
included body mass index (BMI), waist 
circumference, hip circumference, waist/ hip 
ratio and mid-arm circumference. Imaging 
valuation was performed for all participants by 
abdominal ultrasound. Laboratory assessment 
including, complete blood count, liver function 
tests, serum creatinine, fasting blood sugar, and 
lipid profile was estimated. Serum adiponectin 
was assessed by ELISA. Upper endoscopy was 
done for all participants, together with 
histopathological evaluation was done for 
patients suspected as Barrett’s esophagus 
patients.  

Ethical Approval: For all participants, an 
explanation about the study was provided 
together with informed consent were obtained 
from each one before enlisted in the study. The 
study was affirmed by the Faculty of Medicine, 
Menoufia University ethical committee 
(6/2018TROP5) and according to the Helsinki 
Declaration.  

Serum adiponectin assessment: This assay 
employs the quantitative sandwich enzyme 
immunoassay technique by human total 
adiponectin / Acrp 30 Immunoassay kits 
provided by Sunred, China Catalogue No 201-

12-1551. Blood samples were obtained in the 
morning after 12 hours of fasting from patients 
of all examined groups and controls. Blood 
serum was obtained after 15 minutes of clotting 
and centrifugation at 2000 rpm for 10 minutes. 
Serum was removed and stored frozen at –20°C. 
Adiponectin concentrations were measured 
with ELISA (R&D Systems, USA). 

Endoscopic evaluation: Endoscopy was done by 
a skilled endoscopist with the patient in the left 
lateral position and the detailed clinical findings 
during the endoscopy procedure were noted in 
a pre-designed sheet. Grading of GERD was 
done according to The Loss Angelos (LA) 
classification (Ou et al., 2011). Four–quadrant 
biopsies at 2cm intervals were obtained from 
suspected Barrett lesions for histopathological 
examination to confirm diagnosis of Barrett’s 
esophagus. Lesions of Barrett’s esophagus were 
graded into islands of columnar extension, 
ultrashort segment Barrett’s, short-segment 
Barrett’s and long-segment Barrett’s (Choe et 
al., 2016).    

Statistical analysis 

Data were represented as Mean ± standard 
deviation. The Kolmogorov-Smirnov was used 
to verify the normality of the distribution of 
variables, Comparisons between groups for 
categorical variables were assessed using the 
Chi-square test (Fisher or Monte Carlo). ANOVA 
test was utilized to compare the three studied 
groups and followed by Post Hoc test (Tukey) for 
pairwise comparison. Kruskal-Wallis test was 
used to compare different groups for 
abnormally distributed quantitative variables 
and followed by Post Hoc test (Dunn's for 
multiple comparisons test) for pairwise 
comparison. Mann Whitney test was used to 
compare between two groups for not normally 
distributed quantitative variables. The 
significance of the obtained results was judged 
at P-value < 0.05. These analyses were done 
using IBM SPSS software package version 20.0. 
(Armonk, NY: IBM Corp).  

RESULTS  

This case-control study was carried out on 90 
patients, they were 48 males (53.3%) and 42 
females (46.7%) with ages ranging from 27 to 64 
years together with thirty obese patients of 
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matched age, sex and BMI as obese controls. 
Patients and controls were grouped into one of 
3 groups: Group I composed of 30 obese 
controls, were 17 (56.7%) males and 13 (43.3%) 
females with a mean ± SD age of 39.3 ± 9 years, 
and Group II comprised 60 patients with GERD 
documented by upper endoscopy including 31 
(51.7%) males and 29 (48.3%) females age of 
42.4 ± 8.3 years, and Group III included 17 
(56.7%) males and 13 (43.3%) females age of 
43.5 ± 9.1 years (Table 1).  

Clinically, we noticed that there was a 
statistically significant difference among the 
three studied groups regarding the symptoms 
suggestive of gastro-esophageal reflux disease; 
heart burn and regurge. Such symptoms were 
absent in obese controls while in GERD and 
Barrett groups were nearly similar. Epigastric 
pain was non-significantly different among the 
three groups (P = 0.407). Additionally, we 
observed that the atypical manifestations of 
reflux including night shocking, dysphagia, 
reflux asthma, reflux cough, and hoarseness of 
voice did not statistically differ among the three 
studied groups. Also, history of diabetes 
mellitus was significantly more frequent in GII 
(Table 1)  

Regarding anthropometric measurements, BMI 
and mid-arm circumference did not show 
statistical differences among the three studied 
groups (p = 0.766 and 0.236 respectively), 
whereas waist/hip ratio was considerably 
higher in Barrett’s esophagus patients (P = 
0.036) (Table 1) 

Basic laboratory investigations were presented 
in Table 2. Upper endoscopy showed that 
grading of GERD, the presence of LES 
incompetence & the presence of hiatus hernia 
were not different between GERD and Barrett’s 
patient groups (P = 0.903, 0.055 and 0.894 
respectively) (Figures 1A, 1B and 1C). The 
endoscopic grading of Barrett’s patients 
showed that 40% had short-segment Barrett’s 
(Figure 1D). Moreover, histopathological 
assessment displayed 70% of these patients 
were BE negative for dysplasia (figure 2A).  

Serum adiponectin levels displayed a 
statistically significant difference among the 
three studied groups with the highest values in 
obese patients with GERD, in addition, the 

lowest levels were present in obese patients 
with Barrett’s esophagus as shown in Figure 2B.  

ROC curve analysis revealed that adiponectin at 
cut off > 3.6 has sensitivity, specificity of 50% 
and 86.67% with AUC 0.849 for predicting GERD 
in obese patients (Table 3, figure 2C). 
Additionally, ROC curve analysis to explore the 
role of adiponectin for predicting Barrett 
esophagus in obese patients with GERD 
revealed that adiponectin at cut off level ≤ 0.74 
has sensitivity, specificity of 90% and 95% with 
AUC 0.958, additionally, PPV and NPV of 90% 
and 95% (Table 3, Figure 2D). 

In obese patients with GERD, there was no 
significant relation between serum adiponectin 
level and gender, history of DM, liver 
echogenicity, the grade of GERD (Figure 3A), LES 
(lower esophageal sphincter) incompetence or 
hiatus hernia. In BE patients (group III), lower 
adiponectin level was significantly linked with 
the existence of large sliding hiatus hernia, long-
segment Barrett in endoscopy as well as 
patients with high-grade dysplasia in 
histopathology (P = 0.048, < 0.001, < 0.001, 
respectively) as shown in table 4 and figures 3B, 
3C and 3D, with no significant relations found 
regarding gender, liver echogenicity, the grade 
of GERD, the existence of LES incompetence or 
hiatus hernia.  

For the parameters influencing Barrett 
esophagus v. GERD in obese patients, the 
univariate and multivariate logistic regression 
analysis revealed that, with the univariate test, 
FBS p = 0.018 OR 1.023 (1.004-1.042) and 
adiponectin p<0.001 OR 0.004 (0.010–0.189) 
could be meaningful in disease prediction, 
whilst, in multivariate analysis, adiponectin 
level p = 0.001 OR 75.012 (5.641-997.459) could 
be an independent predictor for Barrett 
esophagus (Table 5). 

DISCUSSION 

Obesity particularly the visceral type is 
considered to be one of the substantial 
independent risk factors for the evolution GERD 
and its associated complications (Alexandre et 
al., 2014). Likewise, it is intelligible that the 
existence of obesity ultimately enhances the 
risk of related comorbidities like dyslipidemia, 
diabetes, insulin resistance, hypertension, and  
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Table 1. Comparison between the three studied groups according to clinical data (history, general and local examination) 

 Group I 
(n = 30) 

Group II 
(n = 60) 

Group III 
(n = 30) 

Test of sig. p 

Gender 
Male 17 (56.7%) 31 (51.7%) 17 (56.7%) χ2=0.302 0.860 
Female 13 (43.3%) 29 (48.3%) 13 (43.3%) 
Age (years) 
Mean ± SD. 39.3 ± 9 42.4 ± 8.3 43.5 ± 9.1 F =1.956 0.146 
Median (Min. – Max.) 38 (25 – 56) 42.5 (27 – 63) 44 (28 – 64) 
Regurge 0 (0%) 37 (61.7%) 18 (60%) χ2=33.869* <0.001* 
Heart burn 0 (0%) 54 (90%) 25 (83.3%) χ2=77.468* <0.001* 
Epigastric pain 7 (23.3%) 22 (36.7%) 11 (36.7%) χ2=1.800 0.407 
Atypical manifestations of GERD 
Night shocking 3 (10%) 6 (20%) 3 (10%) χ2=3.622 MCp=0.993 
Dysphagia 1 (3.33%) 1 (1.66%) 0 (0%) 
Reflux asthma 0 (0%) 1 (1.66%) 0 (0%) 
Reflux cough 4 (13.33%) 5 (8.33%) 3 (10%) 
Hoarseness of voice 5 (16.66%) 4 (6.66%) 2 (6.66%) 
History of DM 
No 20 (66.7%) 25 (41.7%) 20 (6.77%) χ2=7.552* 0.023* 
Yes 10 (33.3%) 35 (58.3%) 10 (33.3%) 
History of smoking 11 (9.2%) 29 (24.2%) 15 (12.5%) χ2=1.376 0.503 
BMI (kg/m2) 
Mean ± SD. 32.6 ± 5.20 32.7±4.9 32 ± 4.5 F=0.267 0.766 
Median (Min. – Max.) 32.3 (25.4 – 42.7) 31.6 (25.8 – 43.1) 30.2 (25.9 – 42.5) 
Waist/ Hip Ratio 
Mean ± SD. 1.26 ± 0.34 1.46 ± 0.37 1.39 ± 0.29 F=3.413 0.036* 
Median (Min. – Max.) 1.22(0.88 – 2.30) 1.45(0.80 – 2.40) 1.37 (0.92 – 1.85) 
Mid arm circumference (cm) 
Mean ± SD. 35.1 ± 6.7 37.3 ± 6 36.6 ± 4.7 F=1.460 0.236 
Median (Min. – Max.) 34.3 (28.4 – 61) 37 (28 – 59) 35.5 (29 – 44.5) 
Abdominal contour 
Normal 17 (56.7%) 28 (46.7%) 19 (63.3%) Not 

applicable 
 

Diffuse abdominal enlargement  with 
full flanks 

13 (43.3%) 32 (53.3%) 11 (36.7%) 

Umbilicus shape 
Normal 19 (63.3%) 33 (55%) 22 (73.3%) Not 

applicable 
 

Sunken 11 (36.7%) 27 (45%) 8 (26.7%) 
Stria alba 
Absent 21 (70%) 40 (66.7%) 23 (76.7%) Not 

applicable 
 

Present 9 (30%) 20 (33.3%) 7 (23.3%) 
Liver size 
Average size 21 (70%) 43 (71.7%) 23 (76.7%) Not 

applicable 
 

Hepatomegaly 9 (30%) 17 (28.3%) 7 (23.3%) 
Spleen size 
Average size 28 (93.3) 53 (88.3) 28 (93.3) Not 

applicable 
 

Splenomegaly 2 (6.7) 7 (11.7) 2 (6.7) 

BMI: body mass index, c2:  Chi-square test, MC: Monte Carlo, F: F for ANOVA test, p: p-value for comparing among the studied 
groups, *: Statistically significant at p < 0.05 
 

others (Reaven, 2002). The collection of the 
aforementioned pathologies is generally known 
as metabolic syndrome or syndrome X (Reaven, 
1992).   Adiponectin is a 30 KDa protein secreted 
from adipocytes. It was found that depressed 
systemic levels of adiponectin were linked with 

a higher risk of multiple cancers (Kelesidis et al., 
2006; Fadel et al., 2020). Adiponectin is 
expressed fundamentally in white adipose 
tissue and as stated by some reports in brown 
adipose tissue as well (T37i brown adipocyte 
cell line) (Viengchareun et al., 2002).   
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Table 2. Comparison between the three studied groups according to laboratory and ultrasound finding 

 Group I 
(n = 30) 

Group II 
(n = 60) 

Group III 
(n = 30) 

Test of sig. p 

Hemoglobin concentration (g/dl) 
Mean ± SD. 12.6 ± 1.2 12.5 ± 1.6 12.3 ± 1.5 F=0.307 0.736 
Total leucocyte count (x102) 
Mean ± SD. 56.1 ± 9.4 60 ± 11 61 ± 10.4 F=1.888 0.156 
Platelet count (x103) 
Mean ± SD. 219.8 ± 27.6 221.7 ± 30.5 228.5 ± 27.4 F=0.782 0.460 
Alanine aminotransferase (U/L) 
Mean ± SD. 29 ± 14.8 30.5 ± 8.6 26.4 ± 17.4 F=0.972 0.381 
Aspartate aminotransferase (U/L) 
Mean ± SD. 28.4 ± 10.6 29.7 ± 11.8 23.8 ± 13.7 F=2.392 0.096 

AST (U/L) / ALT (U/L)  
Mean ± SD. 1.1 ± 0.3 1 ± 0.3 0.9 ± 0.2 F=1.237 0.294 
Fasting blood sugar  
Mean ± SD. 115.3 ± 36.8 124 ± 37.7 104.4 ± 25.5 F=3.203* 0.044* 
Sig. bet. grps p1=0.509 ,p2=0.446 ,p3=0.035*   
Total cholesterol (mg/dl) 
Mean ± SD. 216.3 ± 19.4 210.8 ± 20.4 212.4 ± 15.4 F=0.840 0.434 
Triglycerides  (mg/dl) 
Mean ± SD. 157.4 ± 18.9 160 ± 15.8 166.6 ± 15.2 F=2.530 0.084 
Serum Adiponectin level 
Mean ± SD. 4.17 ± 9.85 22.4 ± 25.1 0.52 ± 0.52 H=58.838* <0.001* 
Median (Min. – Max.) 0.4 (0.16 – 42.4) 8.6 (0.41 – 75.5) 0.4 (0.15 – 2.53) 
Sig. bet. grps p1<0.001*,p2=0.201,p3<0.001*   
Liver echogenicity 
Normal 7 (23.3%) 5 (8.3%) 6 (20%) χ2=4.541 MCp=0.117 
Bright 23 (76.7%) 55 (91.7%) 24 (80%) 

Liver size 
Normal 17 (56.7%) 32 (53.3%) 18 (60%) χ2=0.372 0.830 
Hepatomegaly 13 (43.3%) 28 (46.7%) 12 (40%) 
Gall bladder wall 
Average 21 (70%) 42 (70%) 18 (60%) χ2=1.026 0.599 
Thick 9 (30%) 18 (30%) 12 (40%) 
Gall bladder stone (s) 
Absent 22 (73.3%) 43 (71.7%) 22 (73.3%) χ2=0.042 0.979 
Present 8 (26.7%) 17 (28.3%) 8 (26.7%) 
Size of spleen 
Normal 27 (90%) 53 (88.33%) 28 (93.33%) χ2=0.507 MCp=0.921 
Splenomegaly 3 (10%) 7 (11.67%) 2 (6.67%) 

c2:  Chi-square test FE: Fisher Exact, MC: Monte Carlo, F: F for ANOVA test, Pairwise comparison groups were done using Post 
Hoc Test (Tukey), p: p-value for comparing between the studied groups, p1: p-value for comparing between Group I and Group 
II, p2: p-value for comparing between Group I and Group III, p3: p-value for comparing between Group II and Group III, *: 
Statistically significant at p < 0.05 
 
Table 3. Agreement (sensitivity, specificity) for Adiponectin level to diagnose Obese patients with GERD and Barrett’s 
esophagus patients 

Adiponectin level AUC P 95% C.I Cut off# Sensitivity Specificity PPV NPV 
LL UL 

      Level 1 0.849 <0.001* 0.756 0.942 >3.60 50.0 86.67 88.2 46.6 
Level 2 0.958 <0.001* 0.917 1.0 ≤0.74 90.0 95.0 90.0 95.0 

Level 1: Agreement (sensitivity, specificity) for Adiponectin level to diagnose Obese patients with GERD patients (group III) (n 
= 60) from control (n = 30). Level 2:  Agreement (sensitivity, specificity) for Adiponectin level to diagnose Obese patients with 
Barrett’s esophagus (group III) (n = 30) from Obese patients with GERD patients (group II) (n = 60). AUC: Area Under a Curve, 
p-value: Probability value, CI: Confidence Intervals, NPV: Negative predictive value, PPV: Positive predictive value, *: 
Statistically significant at p < 0.05, #Cut off was choose according to Youden index 
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Table 4. Comparison of adiponectin levels according to gender, history of DM, US liver finding, endoscopic finding, and 
histopathological finding in group III (n = 30) 

 
N 

Adiponectin level 
Test of Sig. P 

Min. – Max. Mean ± SD. Median 
Gender 
Male 17 0.15 – 2.53 0.58 ± 0.63 0.36 U=103.0 0.773 
Female 13 0.18 – 1.36 0.43 ± 0.31 0.37 
DM 
No 20 0.16 – 1.78 0.50 ± 0.41 0.37 U=86.0 0.559 
Yes 10 0.15 – 2.53 0.54 ± 0.71 0.35 
Liver echogenicity 
Normal 6 0.22 – 0.65 0.41 ± 0.17 0.41 U=66.0 0.781 
Bright 24 0.15 – 2.53 0.54 ± 0.57 0.34 
Liver size 
Normal 18 0.22 – 2.53 0.68 ± 0.61 0.44 U=39.0* 0.003* 

Hepatomegaly 12 0.15 – 0.46 0.27 ± 0.11 0.25 
GERD grading 
Class A 8 0.29 – 0.65 0.42 ± 0.11 0.41 H=3.015 0.222 
Class B 16 0.16 – 2.53 0.65 ± 0.67 0.35 
Class C 6 0.15 – 0.46 0.28 ± 0.12 0.26 
LES incompetence 
No 1 0.36 U=14.0 1.000 
Yes 29 0.15 – 2.53 0.52 ± 0.52 0.37 
Hiatus hernia 
No 15 0.23 – 2.53 0.71 ± 0.67 0.43 H=6.084* 0.048* 
Small sliding 9 0.16 – 0.72 0.35 ± 0.18 0.32 
Large sliding 6 0.15 – 0.46 0.27 ± 0.12 0.24 
Endoscopic findings of Barrett esophagus 
Islands of columnar extension 4 0.74 – 2.53 1.60 ± 0.75 1.57 H=26.323* <0.001* 

Ultrashort segment Barrett 6 0.46 – 0.72 0.55 ± 0.11 0.51 
Short segment Barrett 12 0.28 – 0.45 0.35 ± 0.06 0.34 
Long segment Barrett 8 0.15 – 0.23 0.19 ± 0.03 0.19 
Histopathology 
Negative for dysplasia 21 0.16 – 1.78 0.48 ± 0.39 0.37 H=16.891* <0.001* 
Low – grade dysplasia 6 0.18 – 0.74 0.39 ± 0.22 0.37 
High – grade dysplasia 3 0.15 – 0.20 0.17 ± 0.03 0.16 

U: Mann Whitney test, H: H for Kruskal-Wallis test, p: p-value for the association between different categories, *: Statistically significant at p < 0.05 
 

Table 5. Univariate and multivariate logistic regression analysis for the risk factors of development of Barrett's esophagus in 
obese patients with GERD  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

OR: Odd`s ratio, B: Unstandardized Coefficients, C.I: Confidence interval, LL: Lower limit, UL: Upper Limit, #: All variables with, p<0.05 was 
included in the multivariate, *: Statistically significant at p < 0.05 

 Univariate #Multivariate 
p OR (95%C.I) p OR (95%C.I) 

Gender (male) 0.654 1.223(0.506 – 2.955)   
Age (years) 0.534 1.017(0.965 – 1.070)   
Waist/ Hip Ratio 0.362 0.543(0.146 – 2.019)   
Mid arm circumference (cm) 0.589 0.978(0.902 – 1.060)   
FBS 0.018* 1.023(1.004 – 1.042) 0.093 1.053(0.991 – 1.118) 
Total Cholesterol (mg/dl) 0.700 1.005(0.981 – 1.028)   
TGs (mg/dl) 0.067 1.029(0.998 – 1.061) 0.054 0.910(0.827 – 1.002) 
GERD grading 1.000 1.0(0.554 – 1.805)   
LES incontinence 0.080 6.510(0.799 – 53.056) 0.886 0.371(0.0 – 297298.6) 
Hiatus hernia 
No     
Small sliding 0.758 0.853(0.309 – 2.349)   
Large sliding 0.657 0.771(0.245 – 2.426)   
Adiponectin level <0.001* 0.044(0.010 – 0.189) 0.001* 75.012(5.641 – 997.459) 
History of Smoking 0.765 1.143 (0.475-2.748) - - 
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Figure 1. Comprison of different clijical characteristic of patients groups. A: Comparison between the two patient groups 
according to GERD grading, B: Comparison between the two patient groups according to LES incompetence, C: Comparison 
between the two patient groups according to the presence of Hiatus hernia, D: Endoscopic findings (Barrett grading) in obese 
patients with Barrett esophagus (n=30) 
 

 
Figure 2. Comparing histopathological features of patients groups. A: Distribution of the studied cases according to 
histopathological finding in group III (Obese patients with Barrett’s esophagus) (n = 30), B: Comparison between the three 
studied groups according to serum Adiponectin level, C: ROC curve for Adiponectin level to diagnose obese patients with 
GERD (n = 60) from obese control (n = 30), D: ROC curve for Adiponectin level to diagnose obese patients with Barrett’s 
esophagus (group III) (n = 30) from obese patients with GERD (group II) (n = 60) 
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Figure 3. Comparing levels of adiponectin with different clinical features. A: Relation between adiponectin level with GERD 
grading in group II (n= 60), B: Relation between adiponectin level with the presence of Hiatus hernia in group III (n= 30), C: 
Relation between a level with Barrett grading in group III (n= 30), D: Relation between Adiponectin level with 
histopathological finding in group III (n= 30) 
 
A number of hormonal as well as environmental 
factors are involved in the regulation of 
adiponectin gene. Adiponectin gene expression 
in white adipose tissue is reduced by β-
adrenergic agonists glucocorticoids, and TNF-α 
(tumour necrosis factor α) and elevated by IGF-
1 (insulin-like growth factor 1), cold exposure, 
leanness, and, adrenalectomy (Fasshauer et al., 
2002; Makimura et al., 2002). In this study, we 
focused on investigating serum adiponectin 
level in obese patients with Barrett esophagus 
and assessing its relation with the clinic-
pathological and endoscopic findings in these 
patients. 

In the current study, we noted that there was 
no significant difference between the three 
studied groups regarding BMI, waist, hip or mid-
arm circumferences. Whereas mean waist/hip 
ratio in BE group displayed significantly higher 
values than in the other groups. These findings 
suggest that BMI is the crude measure of 
adiposity that does not reflect fat distribution 

within the body. Previous data support our 
findings. For example, Edelstein et al. (2007) 
reported that central obesity parameters were 
strongly associated with a high risk of BE, 
whereas BMI influence was weaker. 
Additionally, El-Serag et al. (2005) found that 
the visceral adipose tissue, defined by CT scan, 
was linked with a higher risk of Barrett 
esophagus.  

As it generates metabolically active pro-
inflammatory cytokines, visceral fat has been 
thought about to be the compartment that 
takes part in the systemic effects of obesity. 
Existing evidence displayed that liposuction of 
subcutaneous fat had no effect on cardiac risk 
factors, whilst surgical removal of intra-
abdominal adipose tissue improves glycemic 
control markers dramatically (Moayyedi, 2008). 
Furthermore, as compared to BMI, central 
adiposity markers (including waist 
circumference as well as waist-hip ratio) are 
more strongly linked to obesity-associated 
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disorders such as myocardial infarction (MI) and 
colorectal cancer (Yusuf et al 2005; Russo et al 
1998).  

We displayed noteworthy outcomes, where 
serum adiponectin levels in our study showed a 
statistically considerable difference between 
the three studied groups with the highest values 
were detected in obese patients with GERD 
compared to controls and BE patients. 
Numerous researches have illustrated similar 
results concerning GERD patients (Almers et al., 
2015), (Greer et al., 2015) and (Al-Khalidy, 
2018).  

Higher adiponectin levels in GERD may be 
accountable for the aberrant esophageal 
mucosa healing that derive metaplasia and BE 
(Mokrowiecka et al., 2012). Another research 
exhibited that visceral fat increases the levels of 
inflammatory cytokines and adiponectin, which 
may raise the risk of GERD (Nam et al., 2015). As 
a result, a high adiponectin level in patients with 
GERD could protect them from Barrett's 
esophagus (Rubenstein et al., 2009).  

In the present study, considerably lower serum 
adiponectin levels were noted in obese BE 
patients compared to obese patients with 
GERD, additionally, serum adiponectin levels 
were significantly lower than obese controls. 
Serum hypoadiponectinaemia in BE was 
reported in previous studies (Thompson et al., 
2010; Mokrowiecka et al., 2012; Rafat et al., 
2018). Additionally, in a former small study, 
authors found that low plasma levels of 
adiponectin are associated with an increased 
risk of Barrett’s esophagus among patients 
undergoing upper endoscopy (Rubenstein et al., 
2008).  

It was formerly reported that low adiponectin 
levels have also been associated with an 
increased risk of several diverse types of cancer.  
Moreover, adiponectin receptors are expressed 
in the esophageal mucosa, and adiponectin has 
been displayed to induce apoptosis in a cell line 
of cancer esophagus (Konturek et al., 2008). 

A variety of epidemiological and experimental 
studies back up adiponectin's role in cancer 
pathophysiology. A review article on 
adiponectin's relationship with cancers such as 
endometrial, gastric, colorectal cancers acute 

myelogenous leukemia, breast, and prostate 
was published by Kelesidis et al. (2006). 
Reduced adiponectin levels were linked to an 
increased risk of cancer in all instances.  

On the other hand, these results disagree with 
that reported by Garcia et al. (2014) who 
concluded in a former case control study that BE 
was associated with statistically non-significant 
lower adiponectin levels than controls. This 
difference can be attributed to the difference in 
the population samples. In their study control 
group included patients who were eligible for 
screening colonoscopy and agreed for an EGD at 
the same time as their colonoscopy in addition 
to including BE patients and controls with any 
BMI. In the current study, ROC analysis for 
adiponectin showed that AUC was 0.958 at a 
cut-off point ≤0.74, the sensitivity and 
specificity were (90.0% and 95.0% respectively) 
for detection of Barrett esophagus in GERD 
patients denoting the protective effects of 
adiponectin. The protective effect of 
adiponectin observed in this study is consistent 
with the findings of several other 
epidemiological and molecular studies (Banks et 
al., 2000; Yamauchi et al., 2007).  

In OE33 esophageal carcinoma cell lines, the 
role of adiponectin as an anti-proliferative 
factor was investigated. Adiponectin inhibits 
leptin-stimulated JAK2 activation as well as 
STAT3 transcriptional activity and enhances 
protein-tyrosine phosphatase 1B (PTP1B) 
protein expression and activity (Beales et al., 
2014).  Additional report has exhibited that 
increased adiponectin receptor expression 
together with higher leptin receptor protein 
levels have been measured in areas of intestinal 
metaplasia vs. that of the normal esophagus 
(Mokrowiecka et al., 2013). 

We displayed remarkable associations between 
lower adiponectin level with the existence of 
large sliding hiatus hernia, long-segment Barrett 
in endoscopy as well as patients with high-grade 
dysplasia in histopathology. It was formerly 
stated that risk factors for the development of 
esophageal adenocarcinoma in patients with 
Barrett esophagus included large sliding hiatus 
hernia, long-segment Barrett and high-grade 
dysplasia (Wongsurawat et al., 2006). An 
experimental study of adiponectin and Barrett’s 
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esophagus-associated esophageal 
adenocarcinoma found that adiponectin 
inhibits proliferation of leptin-induced EAC cells 
by activating 5ʹ-AMP-activated kinase (AMPK) 
and serine/threonine phosphatases upon 
binding to and activating the adiponectin 
receptor-1. As adiponectin suppresses leptin-
induced cell proliferation, high serum 
concentrations may protect against dysplasia or 
cancer development (Ogunwobi et al., 2008).  

In the present study, univariate and 
multivariate regression analysis for parameters 
affecting obese patients with Barrett esophagus 
from obese patients with GERD showed that 
only lower adiponectin level is a risk factor and 
could be an independent predictor for Barrett’s 
esophagus (BE).  

STUDY LIMITATIONS 

There were some limitations to our study. First, 
the number of participants in our study was 
limited. Second, follow up of studied patients is 
required to highlight the role of body weight 
control on adiponectin levels. 

CONCLUSION 

Our findings propose that obesity is a 
substantial risk for the development of GERD 
and Barrett’s esophagus (BE), so adequate 
weight control is an important step for the 
prevention of Barrett’s esophagus. Additionally, 
adiponectin plasma levels could be a reliable 
non-invasive biomarker for early prediction of 
Barrett’s esophagus. Large population-based 
prospective studies are warranted to further 
appraise the effect of weight control on 
adiponectin level as well as its role in follow up 
after management of Barrett’s esophagus.  
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