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ABSTRACT

Introduction: Gastroesophageal reflux disease is defined as bothersome symptoms and/or
complications caused by the reflux of stomach contents. About 40-50% of patients develop
refractory gastroesophageal reflux disease (R-GERD), with poor improvement of symptoms
with treatment. Many pathogenic mechanisms share in development of R-GERD, among which
is the important role of T-helper 1 and T-helper 2 response mediated by cytokines. The
interleukin-4 is a cytokine known of its anti-inflammatory effect. In this study, we aimed to
evaluate the level of interleukin-4 in Egyptian patients with R-GERD versus those with GERD.
PATIENTS AND Methods: Our study included 25 patients with reflux symptoms who received
PPIs for less than 8 weeks with improvement of symptoms, versus 25 patients with refractory
reflux symptoms who received PPIs for more than 8 weeks without improvement of symptoms.
Interleukin-4 levels were assessed in both groups by ELISA.

Results: There was a statistically significant difference between the two groups as regard
interleukin-4 levels (p < 0.012) which was higher in the patients with (R-GERD), the mean level
of IL-4 was 37.31 £ 56.07 in GERD group while in R-GERD group, it was 102.78 + 112.29. The
diagnostic accuracy of interleukin-4 revealed a sensitivity of 56% and specificity of 76% at
cutoff value >58.25 pg/ml, with an acceptable accuracy of 0.6.

Conclusions: The present study concluded that IL-4 is significantly higher in patients with
R GERD with cut off value > 58.25 pg/ml. Therapeutic strategies that modulate the production
of IL-4 may provide a good solution for treatment of R GERD.

ARTICLE HISTORY
Received 30 March 2020
Accepted 26 October 2020

KEYWORDS
Interleukin-4; refractory
GERD; Barrett’s esophagus

1. Background

Gastroesophageal reflux disease (GERD) is considered
one of the most prevalent gastrointestinal disorders-
worldwide[1]. GERD, defined as bothersome symp-
toms and/or complications caused by the reflux of
stomach contents into the esophagus, is known to
have a great adverse impacts on patients’ health as
well as their quality of life [2]. Chief symptoms of
GERD include heartburn and regurgitation.
However, reflux of gastric contents may also cause
cough, asthma, pharyngitis, laryngitis, hoarseness of
voice, sinusitis, otitis media, dental erosions, chest
pain, and sleep disturbance, which are considered as
atypical or extraesophageal symptoms of GERD [3].
In about 40-50% of patients with GERD, there is
a partial or incomplete response to a standard dose of
a proton pump inhibitors (PPIs) given once daily for
8 weeks [4,5]. Causes of this condition, also known as
refractory GERD (R-GERD), include: PPI compliance
issues, weakly acidic or nonacid reflux, nocturnal acid
breakthrough, presence of acid pockets, eosinophilic
esophagitis, esophageal hypersensitivity, functional
heart burn, delayed gastric emptying, rapid PPI

metabolism, and genetic polymorphism of isoenzymes
CYP3A4 &CYP2C19 of cytochrome P450 [6]. The
management of patients with R-GERD is considered
a major clinical challenge for gastroenterologists.

In the recent years, the problem of R-GERD has
been studied at both tissue and cellular levels. One of
the most promising interests in this area is the study of
the cytokine profile in such patients. Cytokines, which
are peptide signaling molecules, play an important
role in the damage of esophageal mucosa, and were
found to demonstrate pro-inflammatory as well as
anti-inflammatory activity [7].

There are many studies that show the changes in
immune response in patients with GERD, which con-
sists of an imbalance between cellular (Thl) and
humoral (Th2) immunity, possibly determined by
the expression of the cytokines [8,9].Gamma inter-
feron (IFN-y) and interleukin-4 (IL-4) are central
components of the Thl and the Th2 responses,
respectively.

IL-4 is an important cytokine that functions as
a potent regulator of immune response, and is secreted
mainly by mast cells, Th2 cells, eosinophils, and

CONTACT Ahmed Mansour @ ahmad_magdy@med.asu.edu.eg @ Gastroenterology and Hepatology Unit, Internal Medicine Department, Faculty of

Medicine, Ain Shams University, 11835, Cairo, Egypt

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0003-3124-2646
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/20905068.2020.1845441&domain=pdf&date_stamp=2020-11-12

basophils. Initially identified by Howard and Paul
[10], IL-4 was shown to be an important player in
survival of leukocytes under both physiological and
pathological conditions [11]. The earliest studies of IL-
4 in macrophages showed that it acted as an anti-
inflammatory agent when administered concurrently
or shortly after an inflammatory stimulus, and was
also capable of downregulating the production of
other pro-inflammatory cytokines such as TNF [12].
However, IL-4 is not purely an anti-inflammatory
agent, as priming of macrophages with IL-4 followed
by pro-inflammatory stimulation can lead to an
enhanced inflammatory response [13,14]. These data
suggest that the in-vivo effects of IL-4 are complex,
well regulated, dependent on the local environment,
and that they probably mediate different processes
simultaneously in different tissues [15].In this study,
we aimed to evaluate the serum level of interleukin-4
in Egyptian patients with GERD and compare it with
those with R-GERD.

2. Patients and methods

This cross-sectional study was conducted on 50 age
and sex-matched patients who were recruited from
gastroenterology and hepatology departments and out-
patient clinics of participating institutions in the period
between June 2019 and December 2019. This study was
performed in accordance with the ethical standards of
Ain Shams University Research Committee.

A written informed consent was obtained from all
individual participants included in the study.

2.1. Sample size justification

Sampling technique was random. MedCalc® version
12.3.0.0 program was used for calculations of sample
size, statistical calculator based on 95% confidence inter-
val and power of the study 80% with o error 5%,
According to a previous study, Zhong et al showed that
the mean of IL-4 between Barrett’s esophagus and reflux
esophagitis (1.28 + 0.35 and 4.45 + 1.41) respectively, the
mean difference. 3.17, with p-value (<0.001) [9], so it can
be relied upon in this study, based on this assumption,
sample size was calculated according to these values
produced a minimal samples size of 48 cases were
enough to find such a difference. Assuming a drop-out
ratio of 5%, the sample size will be 25 cases in each group.
Patients were divided into:

e Group I: 25 patients with GERD (defined as
presence of bothersome symptoms who received
treatment for 8 weeks with improvement of
symptoms),
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e Group II: 25 patients with refractory GERD
(defined as lack of improvement of symptoms
after receiving PPIs for more than 8 weeks). All
patients signed an informed consent prior to
enrollment in this study. This study was
approved by the ethical research committees of
participating institutions.

After 8 weeks of therapy with PPI, all patients were
subjected to:

e History taking with special stress on GERD
symptoms (typical, atypical), drug history espe-
cially PPIs, NSAIDS, special habits (smoking,
alcohol, addiction) and medical history especially
esophageal varices and liver cirrhosis.

¢ Clinical examination to exclude unfit patients for
biopsy such as patients with liver cirrhosis and/or
signs of portal hypertension.

e Upper gastrointestinal endoscopy with biopsy
from lower end of esophagus.

e Full routine laboratory investigations including
Complete blood count (CBC), prothrombin time
(PT), partial thromboplastin time (PTT),
International Normalized Ratio (INR), Aspartate
Aminotrasferase(AST), Alanine aminotransferase
(ALT), Total bilirubin (direct&indirect), serum
creatinine, blood urea, sodium (Na), potassium (K).

e The serum IL-4 level was assessed by enzyme-
linked immunosorbent assay (ELISA); detection
range was 31.2-2000 pg/ml.

5 ml of whole blood has been collected in a covered
test tube without anticoagulants and allowed to clot by
leaving it undisturbed at room temperature for
20 min. Clot has been then removed by centrifuging
at 1500 xg for 10 minutes in a refrigerated centrifuge.
The resulting supernatant was designated serum.
Following centrifugation, the serum has been imme-
diately transferred into a clean polypropylene tube
using a Pasteur pipette. The samples were maintained
at 2-8°C while handling and immediately analyzed.

2.2. Statistical analysis

Statistical presentation and analysis of the results from
the present study was conducted using SPSS version
20 computer software. The data were described using
frequency, mean, and standard deviation and
expressed in tables and figures. Data were compared
using unpaired student t-test, analysis of variance
(ANOVA) test, chi-square, and linear correlation
coeflicient [r] tests. The cutoff level of IL-4 with the
highest sensitivity and specificity rates was chosen
using the receiver operating characteristic (ROC)
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curve. A p-value less than 0.05 was considered statis-
tically significant.

3. Results

This cross-sectional study involved 50 Egyptian
patients made of two groups, GERD, and R-GERD
each comprising 25 patients. GERD patients
(group 1) included 8 (32%) male patients and 17
(68%) female patients with mean age 45.36 + 13.42,
while R-GERD patients group (group 2) included 40
(56%) male patients, and 11 (44%) female patients
with mean age 48.36 + 14.59, Tablel.

There was no statistically significant gender or age
difference between the two groups (p < 0.382,
p < 0.453, respectively) Table 1.

As regard the co-morbidities there was no statistically
significant difference between the two groups, Table 2.

The IL-4 was higher in patients with refractory
GERD with statistically significant difference (p
value = 0.012), the mean level of IL-4 in group 1 was
37.31 + 56.07, while it was 102.78 + 112.29 in group 2,
Table 3.

There was no statistically significant difference
between the two groups of patients as regard routine
laboratory investigations in Table 4.

Table 5 shows statistically significant difference
between the two groups as regard reflux esophagitis

Table 1. Comparison of age and gender between the patients
with GERD and R-GERD.

Refractory

GERD GRED Total Tests
Indices N % N % N % torX® P-value
Sex
Female 17 680 14 56.0 31 62.0 0.764 0.382
Male 8 320 11 440 19 380
Age (years)
Mean+SD 45.36 + 13.42 48.36 + 14.59 0.757 0.453

Table 2. Comparison of co-morbidities between the patients
with GERD and R-GERD.

GERD  Refractory GERD  Total Chi-square
Co-morbidites N % N % N % X P-value
6 240 7 280 13 260 0.104 0.747

Hypertension

Diabetes 5 200 6 240 11 220 0.117 0.733
Mellitus

Fatty liver 1 40 1 4.0 2 40 0.000 1.000

Renal 1 40 1 4.0 2 40 0.000 1.000
Impairment

Bronchial 0 00 1 4.0 1 20 1.020 0.312
Asthma

Table 3. Comparison of serum levels of IL-4 in the patients
with GERD and R-GERD.

Interleukin-4 (Pg/ml) T-test
Groups Range Mean+SD T P-value
GERD 0.12-182 37.31 £ 56.07 2608  0.012*
Refractory GRED ~ 0.14-350  102.78 + 112.29

Table 4. Comparison of results of routine laboratory investiga-
tions in the patients with GERD and R-GERD.

T-test
GERD Refractory GERD P-
Investigations Mean=SD Mean=SD T  Value
HB (g/dI) 11.80 + 1.26 11.94+142 0379 0.706
WBCs (10*/mm?) 5.86 £ 1.18 6.17 £1.09 0972 0336

Platelets (103/mm?) 221.92 + 40.90 233.88 +49.47 0932 0.356

ALT (U/L) 34.24 + 6.02 3460 £ 694  0.196 0.845
AST (U/L) 36.32 + 8.11 3740 £ 8.15 0.470 0.641
Total bilirubin 0.90 + 0.26 0.90 £0.26  0.054 0.957
(mg/dl)
Direct bilirubin 0.24 £0.17 021 £0.14  0.604 0.549
(mg/dl)
Indirect bilirubin 0.66 £ 0.12 0.69 £0.14  0.824 0.414
(mg/dl)
Creat. (mg/dl) 0.92 + 0.33 0.92 £0.38 0.040 0.968
Urea (mg/dl) 2712 +7.06 29.36 £ 6.71 1.149 0.256
Na (mEgq/L) 140.80 £ 3.15 14256 £ 4.03 1720 0.092
K (mEq/L) 4.07 £ 0.40 418 + 0.45 0.897 0.374
PT time (sec.) 12.25 + 0.71 12.01 + 0.61 1.297 0.201
PT activity % 85.40 +7.99 89.16 + 6.40 1.836 0.073
INR 1.15+0.10 1.10 = 0.07 1.961 0.056
PTT (sec.) 33.04 +3.37 32.05 £2.97 1.100 0.277

Table 5. Comparison of Endoscopic features in the patients
with GERD and R-GERD.

Refractory
Endoscopic GERD GERD Total Chi-square
Features N % N % N % X2 P-value
Reflux esophagitis 25 100.0 18 72.0 43 86.0 8.140 0.004*
Pan gastritis 15 600 9 36.0 24 48.0 2885 0.089
hiatus hernia 6 240 10 400 16 320 1471 0.225

360 7 280 16 320 0368 0.544
8.0 280 9 18.0 3.388 0.066

Incompetent cardia
Gastric biliary reflux

9
2 7

Distorted Z line 1 40 3 120 4 80 1.087 0.297
Duodenitis 4 160 5 200 9 180 0.136 0.713
Pre pyloric ulcers 4 160 2 80 6 120 0758 0.384
Barrett's esophagitis 0 0.0 7 280 7 14.0 8140 0.004*
Multiple 0 00 1 40 1 20 1.020 0312

angiodysplastic

spots

ablatedwith APC
gastric ulcer 1 40 1 40 2 40 0.000 1.000
Lower end 2 80 3 120 5 100 0222 0.637

esophageal

Ulcers
duodenal ulcers 1 40 0 00 1 20 1020 0.312
Diffuse antritis 4 160 1 40 5 100 2000 0.157
Pre pyloric 3 120 0 00 3 6.0 3191 0.074

Erosion
Pre pyloric 1 40 0 00 1 20 1020 0.312

Diverticula

(p value = 0.004), as 100% of patients in GERD group
had reflux esophagitis versus 72% in R-GERD group.
As regard Barretts esophagitis it was higher in
R-GERD group with statistically significant difference
(p value = 0.004). While there was no statistically
significant difference between the two groups as
regard other endoscopic features, Table 5.

The pathological examination of biopsies obtained
endoscopically from patients in GERD group showed
findings consistent with mild, moderate, and severe eso-
phagitis in 10 (40%), 13 (52%), and 2 (8%) patients,
respectively. On the contrary, R-GERD group patients
showed pathological features consistent with moderate,



severe esophagitis, and Barrett’s esophagitis in 7 (28%)
patients in R-GERD group only but in GERD group.
There was a highly significant difference between the two
groups as regard pathological findings (p < 0.001),
Table 6.

Table 6. Comparison of Pathological Findings in the patients
with GERD and R-GERD.

GERD Refractory GERD Total

Pathological Findings N % N % N %
Mild 10 400 0 0.0 10 200
Moderate 13 520 4 16.0 17 340
Severe 2 8.0 14 56.0 16 320
Barrett’s 0 0.0 7 28.0 7 14.0
Total 25 1000 25 1000 50 100.0
Chi- X2 30.765
Square P-value  <0.001**
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Among the patients with GERD, the levels of IL-4
increased progressively according to severity of reflux
esophagitis. Accordingly, mean IL-4 levels in group 1
were 11.51 + 25.33,41.3 + 56.36, and 140.37 + 58.88 in
mild, moderate, and severe reflux esophagitis sub-
groups, respectively. There was a statistically signifi-
cant difference between the three subgroups as regard
mean IL-4 levels (p < 0.006), Table 7.

On the contrary, mean IL-4 levels in group II
showed greater diversity between the moderate and
severe reflux esophagitis subgroups and the Barrett’s
esophagus subgroup, where the mean IL-4 levels were
64.23 + 73.83 and 49.06 * 56.24 for the moderate and
severe subgroups, respectively, while the Barrett’s eso-
phagus subgroup showed a mean IL-4 level of
23225 £ 116.54. There was a highly significant

Table 7. Relation between Pathological findings and (IL-4 with Routine Laboratory investigations) in the patients with GERD.

Mild Moderate Severe
(N=10) (N=13) (N=2) ANOVA
Investigations Mean SD Mean SD Mean SD F P-value
Interleukin-4 11.51 25.33 41.30 56.36 140.37 58.88 6.528 0.006*
(Pg/ml)
HB (g/dI) 12.17 1.39 11.58 1.23 11.35 0.07 0.734 0.491
WBCs 6.06 1.40 5.69 1.13 5.95 0.07 0.262 0.772
(103/mm?®)
Platelets 222.10 43.43 226.54 41.81 191.00 2.83 0.635 0.540
(103/mm?)
ALT (U/L) 31.30 3.16 35.54 7.00 40.50 2.12 3.013 0.070
AST (U/L) 33.50 4.03 37.15 9.83 45.00 5.66 1.967 0.164
Total 0.78 0.12 0.99 0.32 0.90 0.14 2.023 0.156
bilirubin(mg/dl)
Direct 0.18 0.05 0.29 0.23 0.22 0.02 1.167 0.330
bilirubin(mg/dl)
Indirect 0.60 0.10 0.70 0.13 0.69 0.12 2.183 0.136
bilirubin(mg/dl)
Creat. (mg/dl) 0.92 0.16 0.81 0.17 1.05 0.42 1.990 0.161
Urea (mg/dl) 26.80 4.92 27.54 5.21 30.04 538 0.341 0.715
Na (mEg/L) 140.10 3.18 141.31 3.30 141.00 2.83 0.399 0.676
K (mEq/L) 4.04 0.39 4.08 0.39 4.20 0.71 0.129 0.880
PT time (sec.) 12.23 0.76 12.26 0.65 12.32 1.36 0.015 0.985
PT activity % 87.50 9.65 84.23 6.49 82.50 10.61 0.595 0.560
INR 1.13 0.12 1.16 0.07 1.19 0.13 0.438 0.651
PTT (sec.) 33.60 2.88 32.69 3.75 32.50 495 0.217 0.806

Table 8. Relation between Pathology Findings and IL-4 with Routine Laboratory investigations in the patients with R-GERD.

Moderate Severe Barrett's
(N=4) (N=14) N=7) ANOVA
Investigations Mean SD Mean SD Mean SD f P-value
Interleukin-4 (Pg/ml) 64.23 73.83 49.06 56.24 232.25 116.54 12.958 <0.001**
HB (g/dI) 12.90 0.80 11.41 1.44 12.47 1.29 2.718 0.088
WBCs 530 0.50 6.42 1.21 6.17 0.89 1.765 0.195
(103/mm?)
Platelets (10°/mm?3) 223.00 37.99 238.79 52.57 230.29 54.10 0.171 0.844
ALT (U/L) 32.75 5.12 35.14 7.94 34.57 6.32 0.172 0.843
AST (U/L) 37.00 6.98 38.50 9.10 3543 741 0318 0.731
Total bilirubin (mg/dl) 0.80 0.18 0.98 0.31 0.81 0.13 1.326 0.286
Direct bilirubin (mg/dl) 0.15 0.09 0.25 0.18 0.18 0.06 1.049 0.367
Indirect 0.65 0.10 0.73 0.17 0.64 0.10 1.195 0.322
bilirubin (mg/dl)
Creat.(mg/dl) 0.95 037 0.97 0.45 0.79 0.18 0.567 0.575
Urea (mg/dl) 32.50 5.92 29.64 7.31 27.00 5.80 0.873 0.432
Na (mEg/L) 143.25 3.30 142.86 4.09 141.57 4.65 0.289 0.752
K (mEq/L) 435 0.19 4.28 0.54 3.89 0.17 2312 0.123
PT time (sec.) 1217 0.34 12.05 0.71 11.83 0.53 0.465 0.634
PT activity % 86.88 3.75 89.43 6.82 89.93 7.19 0.299 0.744
INR 1.13 0.04 1.10 0.08 1.10 0.08 0.240 0.788
PTT (sec.) 31.75 3.30 31.59 3.01 33.14 2.85 0.643 0.536
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statistical difference between the three subgroups in
this aspect (p < 0.001), Table 8.

The diagnostic accuracy of IL-4 as a discriminatory
marker between GERD and R-GERD patients was
assessed using ROC curve which revealed
a sensitivity 56% and specificity of 76% at cutoff
value >58.25 pg/ml, with an acceptable discriminative
accuracy of 0.6 (Table 9 and Figure 1).

Table 9. Statistical analysis of IL-4 levels between GERD and
Refractory GERD patients for ROC curve.

Statistical Indices

Acceptable discriminative and predictive ability of
Interleukin-4 between patients with GERD and
Refractory GERD as indicated by the area under the
ROC curve (the distance between the curve and diag-
onal) or accuracy of 0.6, Figure 2.

4, Discussion

GERD is considered a significant health problem that
affects the quality of life of many patients [1]. Moreover,
it represents a challenge for gastroenterologists, since
many patients develop R-GERD, making the symptoms
harder to control [16]. Many pathogenic mechanisms

Cut off Sens. Spec. PPV NPV Accuracy
> 58.25 * 56.0 76.0 70.0 63.3 63.2 share in development of R-GERD. Among these
Interleukin_4
100
80
60
40 J
20
0 20 40 60 80 100
100-Specificity

Figure 1. ROC curve (Receiver operator characteristic curve); Accuracy (area under ROC curve) of Interleukin-4 among GERD and

R-GERD.

Interleukin_4
350 [ 7
300 [- :
250 [~ o
200 [
N u}
C S u]
150
B ooo
[ O =]
100 [~ o = —
- u} =}
. s 583
L ] =) =08.
50 r ; ' Sens: 56.0
E H mis) Spec:76.0
0 oooBooo DDDHEEJEDEID
Refractory GERD GERD

Figure 2. Cut off value of Interleukin-4 by sensitivity and specificity of patients with GERD and R-GERD.



mechanisms is the prominent role of TH1 and Th2
immune responses controlled by various cytokines,
including IL-4 [17]. Our study aimed to evaluate the
serum level of IL-4 in patient with GERD versus those
with R-GERD and it showed that IL-4 levels are sig-
nificantly increased in cases of R-GERD versus those of
GERD group. This finding agrees with the findings of
Major et al. study which showed that IL-4, though
having anti-inflammatory effect, can also promote pro-
inflammatory response through stimulation of Thl
response [13]. Another study by Fort et al. showed
similar findings as our study, stressing on the ability of
IL-4 to mount Thl immune response, promoting
inflammatory process. These studies can be viewed as
evidence proving the dual nature of IL-4 as both anti-
inflammatory in addition to pro-inflammatory cyto-
kine [14].

Also, our study findings are similar to the report
from another study by Ivashkin et al. which showed
that IL-4 has an anti-inflammatory effect only, mainly
in cases of Barrett’s esophagus. This elucidates the
ongoing debate about the precise role of IL-4 and its
relation to both Thl and Th2 responses [18].
Comparison between the two groups as regard endo-
scopy findings and confirmation by pathology, in the
group of GERD there is reflux esophagitis in all cases
and in the group of refractory GERD there is reflux
esophagitis in 72% of cases and Barrett’s esophagitis in
28% of cases of refractory GERD and 14% from all
cases participating in the study, and there is statisti-
cally significant difference between the two groups as
regard Reflux esophagitis and Barrett’s esophagitis.

Our findings were corroborated by the observation
in the study by Westhof which involved consecutive
patients that presented to the endoscopy unit of
a Veterans Affairs Medical Center for a first upper
endoscopy with the indication of GERD. A total of
378 consecutive patients with GERD were evaluated.
A diagnosis of BE was made in 50 patients (13.2%)
[19]. Another study was carried out in Egypt by Gado
et al and disagrees with the findings from our study. It
reported that the prevalence of Barrett’s esophagitis
was 1% from all cases of GERD [20].

Also we found in the group of refractory GERD the
pathology reported that 28% of patients have Barrett’s
esophagitis and the other 72% have reflux esophagitis
(moderate 16%, and severe 56%). Relation between
pathology and endoscopy was statistically high signif-
icant as regard reflux esophagitis and Barrett’s esopha-
gitis (p-value <0.001).

A previous cross-sectional study by Piqué et al study
disagrees with our findings as it revealed that severe
reflux esophagitis was less in patients with refractory
GERD than patients with GERD, but mild and moder-
ate reflux esophagitis were found in the patients with
refractory GERD more than patients with GERD [21].
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Relation between serum IL4 and pathological find-
ings in the two groups included in the study was
reported. We couldn’t find any study designed to
evaluate the relation between IL4 and refractory
GERD, all previous studies were designed to assess
the relation of IL4 with Reflux esophagitis and
Barrett’s esophagus.

Comparison between the two groups as regard rou-
tine investigations (CBC, Liver Enzymes, Bilirubin,
PT, PTT, INR, Creatinine, Urea, Na, K) revealed no
statistically significant difference. Also the relation
between pathological features and routine investiga-
tions revealed no statistically significant difference
between both groups and these findings are in contrast
to a study by Loke et al which revealed that metabolic
syndrome, impaired liver function, and a higher ratio
of total cholesterol to HDL-C were associated with
erosive esophagitis [22].

Finally, there is acceptable discriminative and pre-
dictive ability of Interleukin-4 between GERD and
R GERD groups as indicated by the area under the
ROC curve (the distance between the curve and diag-
onal) or accuracy of 0.6 with cut off value of
Interleukin-4 by sensitivity and specificity between
GERD and R-GERD, Interleukin-4 had sensitivity
56% and specificity 76% at cut off level of >58.25 pg/
ml to discriminate between GERD and R-GERD.

Limitations of this study include small sample sizes
of the groups and their subgroups limiting sound
conclusions, hence calling for further study with
higher population of patients to elucidate on the
findings.

5. Conclusion

The present study concluded that IL-4 is significantly
higher in patients with refractory GERD with cut off
value > 58.25 pg/ml compared to the patients with
GERD and also it was high in patients with BE.
Therapeutic strategies that modulate the production
of IL-4 may provide a good solution for treatment of
refractory GERD and also to prevent the development
of BE.
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