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ABSTRACT
Background:  Non-alcoholic fatty liver disease (NAFLD) and gastroesophageal reflux disease 
(GERD) are both associated with obesity. However, the relationship of NAFLD with reflux 
esophagitis (RE) is still unclear in non-obese individuals.
Methods:  Individuals with a body mass index (BMI) of 28 kg/m2 or higher, as well as waist 
circumference (WC) no less than 90 cm for men and no less than 85 cm for women were excluded. 
After controlling for other factors, 1905 eligible adult subjects were included. The components 
related to metabolic syndrome and the prevalence of NAFLD in the RE group as well as the 
non-RE group were analyzed. Risk factors for RE were determined using logistic regression.
Results:  In non-obese individuals, the prevalence of RE and NAFLD increased with increasing WC 
and BMI (p < 0.001). Based on the results of logistic regression analysis, NAFLD was found to 
increase the risk of RE with statistical significance. Even after adjusting for metabolic syndrome 
and other related factors, NAFLD remained an independent influencing factor for the risk of RE 
(OR = 2.029; 95% CI 1.459–2.821, p < 0.001).
Conclusions:  The prevalence of NAFLD was significantly higher in patients with RE compared to 
those without RE. These results indicate that NAFLD has a potential as an independent risk factor 
for RE, even in non-obese individuals.

Introduction

Gastroesophageal reflux disease (GERD) is a common 
digestive disorder caused by various factors, leading to 
multiple clinical manifestations and significant impair-
ment in quality of life In addition to the typical symp-
toms of heartburn and reflux, patients may experience 
abdominal distension, belching, dysphagia, chest tight-
ness, cough, and other symptoms [1]. This disease 
imposes a substantial economic burden on individuals, 
families, and society. GERD encompasses conditions 
such as Barrett’s oesophagus, reflux oesophagitis (RE), 
and non-erosive gastroesophageal reflux disease, with 
varying prevalence rates across different regions and 
countries. Studies have reported prevalence rates of 
28% in North America, 26% in Europe, 33% in Asia, 
and 12% in the Middle East [2,3]. A Japanese study 
found that RE had a prevalence of 24.2% among 
severely obese patients. Similar to GERD, risk factors 

for RE include smoking, obesity, age, sex, alcohol con-
sumption, Helicobacter pylori (HP) infection, and other 
variables [4,5].

The prevalence rate of non-alcoholic fatty liver dis-
ease (NAFLD), also known as metabolism-related fatty 
liver disease [6], is approximately 29.62% in Asia, and 
has been steadily increasing over the past two decades 
to 33.90% [7]. NAFLD has become a prevalent chronic 
liver disease, which, if left untreated, can progress to 
liver fibrosis, cirrhosis, and even liver cancer over time. 
Moreover, NAFLD is linked to lipid metabolism disor-
ders, insulin resistance, obesity, gastrointestinal 
tumours, diabetes, and atrial fibrillation [8–10].

The relationship between NAFLD and GERD has gar-
nered increasing attention from scholars. Certain stud-
ies have suggested an elevated risk of GERD in NAFLD 
patients in contrast with non-NAFLD populations 
[11,12]. However, several studies have failed to 
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establish a definite association of NAFLD with GERD 
[13,14]. Numerous reports have explored the relation-
ship between NAFLD and the risk of GERD. However, 
most studies have primarily focused on obesity. 
Consequently, there is limited research investigating 
the connection between NAFLD and RE, with incon-
sistent findings. Hence, it holds great clinical signifi-
cance to examine the association between NAFLD 
and RE in non-obese individuals as part of the treat-
ment for either condition. To investigate this poten-
tial association, we designed and carried out this 
cross-sectional study.

Subjects and methods

Subjects

The research subjects for this study were current and 
retired employees who underwent physical examina-
tions at the Health Examination Centre of Ningbo 
Zhenhai District Refining and Chemical Hospital 
between March 2018 and November 2018. These indi-
viduals also underwent gastroscopy and B-ultrasound 
examination of the midsection and upper abdomen. 
The exclusion criteria were described in our previous 
publication [9]. Ultimately, 1905 cases in total were 
included in the present study. All participants were 
informed about the study and provided with detailed 
explanations of the procedures. The protocol were 
approved by the ethics committees of Zhenhai Lianhua 
Hospital. The informed consents were obtained from 
the objects. (no. 20120213).

Data collection

The questionnaire comprised general information such 
as age, gender, history of liver disease, drinking and 
smoking habits, and use of liver protective drugs. 
Individual medical histories included hypertension, dia-
betes, hyperlipidaemia, anaemia, and liver disease. 
Physical examinations encompassed measurements of 
height, weight, waist circumference (WC), as well as 
blood pressure. Height, weight, along with WC were 
measured using standard methods in the morning on 
an empty stomach, while systolic/diastolic blood pres-
sure were measured after the participant had been 
seated for 5 min.

Detection of blood biochemical indexes

Fasting venous blood (10 ml) were collected for the 
detection of serum biochemistry, and other indicators. 
All biochemical analyses were performed using the 

same Au640 automatic biochemical analyzer produced 
by Olympus Company in Japan.

Gastroscopy

An Olympus gastroscope system [GIF-H260, GIF-H260Z, 
GIF-Q260J, GIF-H290, GIF-H290I, Olympus, Japan] was 
used for oesophageal examination. RE lesione degree 
was based on the Los Angeles classification [15].

Liver B-ultrasound

The liver B-ultrasound examination was performed on 
an empty stomach after venous blood collection using 
the Philips iU22 color ultrasound diagnostic instrument 
with a convex array probe operating at a frequency of 
2-6MHz. The imaging physician conducting the exam-
ination was blind to the patient’s medical history or 
the protocol of this study. NAFLD was diagnosed 
according to clinical diagnostic criteria [16].

Helicobacter pylori detection

Helicobacter pylori detection was carried out using the 
‘C-13 urea breath test (HCBT-01, Hydway)’. A delta over 
baseline (DOB) value greater than 4.0 was considered 
positive for HP infection.

Definition of obesity

Obesity in adults refers to those with a body mass 
index (BMI) of 28 kg/m2 or higher as well as a WC 
equal to or greater than 90.0 cm for men and 85.0 cm 
for women [17].

Statistical analysis

SPSS 23.0 statistical software was used for data analy-
sis. For data following a normal or approximate normal 
distribution, results were expressed as mean ± standard 
deviation (SD). T-tests and F-tests were used for group 
comparisons. For skewed distributed data, results were 
presented with median and interquartile (IQR), and 
Mann-Whitney U tests and Kruskal-Wallis tests were 
used for group comparison. Chi-square tests were 
employed for categorical variables. Besides, univariate 
and multivariate logistic regression analyses were uti-
lized to determine risk factors, and odds ratios (ORs) 
with 95% confidence intervals (CIs) were reported. 
Graphs were created using GraphPad Prism 8.0 
(GraphPad Software Inc.). A p-value < 0.05 indicated 
statistical significance.
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Results

General information of the research objects

A total of 1905 subjects were included, comprising 
1096 males as well as 809 females. Among them, there 
were 385 cases of RE, with a prevalence rate of 20.2%. 
Of these, 263 were males (24.0%) and 122 were 
females (15.1%). The prevalence of RE was significantly 
higher in men compared to women, with a statistically 
significant difference (χ2 = 22.945, p < 0.001).

Comparison of clinical and laboratory 
examination indexes between RE and control 
groups

The RE group had higher levels of age, WC, BMI, systolic/
diastolic blood pressure, triglycerides, uric acid, total 
cholesterol, as well as high-density lipoprotein with sta-
tistical significance compared to the control group. The 

fasting blood glucose as well as the low-density lipopro-
tein cholesterol levels were not significantly different 
between groups. Additionally, there were 530 cases of 
HP infection, with significantly lower rates of infection in 
the RE group (22.9%) in contrast with the control group 
(29.1%) (χ2 = 5.922, p = 0.015) (Table 1).

Relationship between WC, BMI and prevalence of 
RE and NAFLD

To investigate the association of obesity indicators with 
the prevalence of RE and NAFLD, we divided the partici-
pants into five groups based on quintiles of WC (≤ 72 cm, 
72–77 cm, 78-81 cm, 82–84 cm, >84cm) and BMI(≤20kg/
m2, 20.1–21.2 kg/m2, 21.3–22.4 kg/m2, 22.5–23.8 kg/m2, > 
23.8 kg/m2). The results shown in Figure 1 indicate that 
both RE and NAFLD prevalence increased with higher WC 
(χ2 = 40.309, p < 0.001; χ2 = 208.557, p < 0.001) and BMI (χ2 
= 9.511, p = 0.05; χ2 = 214.034, p < 0.001).

Table 1. C omparison of clinical and laboratory examination indexes of RE and normal groups.
Characteristic All (n = 1905) RE(n = 385) Controls (n = 1520) T value p value

Gender (n) (male/female) 1096/809 263/122 833/687 22.945* <0.001
Age (year) 56.0 ± 14.0 57.8 ± 14.0 55.5 ± 14.1 2.866 =0.004
HP infection 530 88 442 5.922 * =0.015
Waist circumference (cm) 78.2 ± 6.5 79.9 ± 6.1 77.8 ± 6.5 5.854 <0.001
body mass index (kg/m2) 21.9 ± 2.2 22.2 ± 2.1 21.8 ± 2.2 2.797 =0.005
systolic pressure (mmHg) 126.3 ± 16.5 130.0 ± 16.6 125.4 ± 16.3 4.914 <0.001
diastolic pressure (mmHg) 76.0 ± 10.3 77.6 ± 10.6 75.6 ± 10.2 3.355 =0.001
total cholesterol (mmol/L) 4.9 ± 0.9 4.7 ± 0.9 4.9 ± 0.9 −2.996 =0.003
triglyceride (mmol/L) 1.2(0.9,1.6) 1.3(0.9,1.8) 1.2(0.9,1.6) 1.576† =0.014
high density lipoprotein (mmol/L) 1.4 ± 0.4 1.3 ± 0.4 1.4 ± 0.4 −5.223 <0.001
low density lipoprotein (mmol/L) 2.9 ± 0.8 2.9 ± 0.8 3.0 ± 0.8 −0.867 =0.386
fasting blood glucose (mmol/L) 5.3 ± 0.9 5.2 ± 0.6 5.3 ± 0.9 −0.925 =0.355
uric acid (μmol/L) 300.5 ± 73.0 315.8 ± 76.9 296.6 ± 71.5 4.612 <0.001
hs-CRP (mg/L) 0.5(0.3,1.0) 0.7(0.4,1.2) 0.5(0.3,0.9) 2.177† <0.001

Note: 1 mmHg = 0.133 kPa;Data are expressed as mean (SD) or median (IQR). *, χ2 value;†, Z value; HP: Helicobacter pylori; hs-CRP: high-sensitivity 
C-reactive protein.

Figure 1.  Prevalence of RE and NAFLD at different BMI and WC levels.
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Prevalence of NAFLD in RE and non-RE patients

As depicted in Table 2, the prevalence of NAFLD was 
30.1% (116/385) in patients with RE and 17.5% 
(266/1520) in patients without RE. The prevalence of 
NAFLD between these two groups were different with 
statistical significance (χ2 = 30.566, p < 0.001).

Increased the risk of RE in non-obese individuals 
with NAFLD

Univariate and multivariate logistic regression analyses 
were utilized to identify risk factors for RE. Figure 2 
displays the results of univariate logistic analysis, 
which identified NAFLD, uric acid, high-density lipo-
protein, total cholesterol, diastolic pressure, systolic 
pressure, BMI, WC, HP infection, age, and gender as 

independent factors associated with RE. Figure 3 
shows the results of multivariable logistic analysis, 
revealing that gender, age, HP infection, WC, total 
cholesterol, and NAFLD were correlated with an 
increased risk of RE.

Using RE (1 = yes, 0 = no) as the dependent variable, 
the independent variables in Table 1 were gradually 
included for analysis, multivariate logistic regression 
models were constructed based on different condi-
tions. In Model 1, without adjusting for other parame-
ters, NAFLD significantly increased the risk of RE 
(OR = 2.033; 95% CI 1.576–2.623, p < 0.001). ORs of RE 
remained statistically significant even after adjusting 
for age, sex, and HP infection (Model 2). Moreover, 
NAFLD remained a risk factor for RE when adjusting 
for BMI, WC, and metabolic syndrome (Model 5) 
(Table 3).

Discussion

This study found a higher prevalence of RE in men 
compared to women, and a higher prevalence of 
NAFLD in the RE group compared to the control group. 
It may be due to the frequent occurrence of weak acid 

Table 2.  Prevalence of NAFLD in patients with and without 
RE.

NAFLD Controls Total

RE 116 269 385
Non- RE 266 1254 1520
total 382 1523 1905

Figure 2.  Univariate logistic regression analysis of risk factors for RE.
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reflux in male patients, which may aggravate the dam-
age of oesophageal mucosa [18]. In the RE group, var-
ious factors including age, WC, BMI, systolic and 
diastolic blood pressure, triglyceride levels, as well as 
uric acid levels were obviously higher in contrast with 
the control group. Logistic regression analysis con-
firmed NAFLD as an independent risk factor for RE, 
even after adjusting for related variables. These find-
ings suggest that NAFLD can independently increase 
the risk of RE in non-obese individuals, highlighting 
the need for further research on the relationship 
between NAFLD and RE.

A cross-sectional study by Chung et  al. [19] con-
ducted in South Korea on 7078 subjects revealed 
metabolic syndrome to be a risk factor for RE during 
upper gastrointestinal endoscopy. Prospective studies 
have also indicated that abdominal obesity, particu-
larly visceral obesity, is a risk factor for reflux 

oesophagitis [5,20]. Possible explanations for this 
association include increased abdominal pressure due 
to obesity, more frequent relaxation of the lower 
oesophageal sphincter leading to acid reflux, and fat 
accumulation at the gastroesophageal junction[21]. 
Additionally, studies have suggested that conditions 
like hyperlipidaemia, diabetes, and hypertension can 
lead to reduced oesophageal peristalsis, inhibited con-
traction of the lower oesophageal sphincter [22,23], 
and ultimately contribute to the development of RE 
[24,25]. The present study also observed a higher 
prevalence of metabolic syndrome components 
among the RE group in contrast with the control 
group, suggesting that actively managing these com-
ponents may benefit patients with RE[26].

NAFLD and RE are both common clinical conditions 
that may share certain associations. Literature on their 
relationship have yielded inconsistent results [11–
14,27,28]. Both NAFLD and RE are linked to obesity. 
Therefore, it remains unclear whether NAFLD is an 
independent risk factor for RE or if the two diseases 
are simply connected through obesity. This study 
found that the prevalence of NAFLD and RE increased 
gradually with increasing BMI and WC even among 
non-obese individuals. Moreover, the prevalence of RE 
was higher in NAFLD patients compared to non-NAFLD 
patients. After adjusting for factors related to meta-
bolic syndrome, the risk of RE was 2.029 times higher 
in NAFLD patients than in non-NAFLD patients. Several 
mechanisms have been proposed to explain how 

Figure 3.  Multivariate logistic regression analysis of risk factors for RE.

Table 3. L ogistic regression analysis of risk factors for RE.

β S.E
Wald x2 

value p value OR 95.0%CI

Modle 1 0.709 0.130 29.793 <0.001 2.033(1.576,2.623)
Modle 2 0.619 0.132 21.988 <0.001 1.717(1.349,2.186)
Modle 3 0.760 0.144 27.680 <0.001 2.138(1.611,2.838)
Modle 4 0.692 0.157 19.517 <0.001 1.998(1.470,2.717)
Modle 5 0.707 0.168 17.702 <0.001 2.029(1.459,2.821)

Note: Model 1 is unadjusted, Model 2 is adjusted for age, sex, and HP 
infection, Model 3 adds hs-CRP to Model 2, Model 4 adjusts for model 3 
and includes variables such as BMI and WC, Model 5 adjusts for model 4 
and adds variables such as systolic blood pressure, diastolic blood pres-
sure, total cholesterol, triglycerides, high-density lipoprotein, low-density 
lipoprotein, serum uric acid, and fasting blood glucose.
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NAFLD may contribute to RE: (1) the abnormal move-
ment of neurogenic oesophageal smooth muscle, 
resulting in decreased gastric acid clearance ability of 
the oesophagus and increased reflux attacks [28,29]; 
(2) the increased oxidative stress, leading to inflamma-
tion and ulceration of the oesophageal mucosa; (3) 
the reduced antioxidant function, reducing the repair 
ability of oesophageal mucosa while correspondingly 
increasing the severity of GERD [30]; (4) the 
pH-lowering effect of leptin released by adipose tissue 
of NAFLD patients on the oesophageal cavity, result-
ing in the damage to the oesophageal mucosa [31].

This study had a few limitations. Firstly, the diagno-
sis of fatty liver was based on B-ultrasound, which did 
not provide an assessment of the severity of fatty liver. 
Similarly, RE severity was not graded in this study. 
Secondly, the cross-sectional design prevented the 
establishment of a causal relationship between NAFLD 
and RE. Thirdly, hypoglycaemic, hypertensive, 
lipid-lowering, PPI, and glucocorticoid medications, as 
well as other medications that may affect metabolic 
profiles, NAFLD, and/or reflux oesophagitis risk, were 
not evaluated. Prospective research would be needed 
to confirm this relationship. Despite these limitations, 
this study contributed valuable insights into the asso-
ciation between NAFLD and RE in non-obese individu-
als, potentially aiding future prevention and treatment 
strategies for both conditions.

Conclusion

In conclusion, our study demonstrated a strong associ-
ation between NAFLD and RE in non-obese individu-
als. Further investigation into the underlying causes of 
this relationship will enhance our understanding of the 
characteristics and mechanisms of RE.
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