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ABSTRACT
Objectives: Although metabolic syndrome
correlates with erosive oesophagitis, few studies
have examined the association between non-
alcoholic fatty liver disease (NAFLD), associated with
obesity and insulin resistance as metabolic
syndrome, and erosive oesophagitis. The possible
gender differences in risk factors of erosive
oesophagitis should be considered. This study
aimed to determine the concomitant effects of
NAFLD and metabolic syndrome on erosive
oesophagitis with respect to gender.
Design, setting, participants and outcome
measures: This cross-sectional study, conducted
between January 2000 and August 2009, included
12 090 participants from the health examination
center of a tertiary hospital. NAFLD was diagnosed
according to ultrasonographic findings after
excluding participants with excessive alcohol
consumption or other liver diseases. Metabolic
syndrome was determined using the revised National
Cholesterol Education Program Adult Treatment
Panel III criteria. Erosive oesophagitis was defined
according to the Los Angeles classification by
oesophagogastroduodenoscopy.
Results: On the basis of the
oesophagogastroduodenoscopic findings, the
prevalence of erosive oesophagitis was 20.1%
(n=1427/7110) and 9.9% (n=477/4842) in males
and females, respectively. After adjusting for other
variables, metabolic syndrome (OR 1.26; 95% CI
1.09 to 1.45) but not NAFLD (OR 1.14; 95% CI 0.98
to 1.30) significantly correlated with erosive
oesophagitis in males, while NAFLD (OR 1.50; 95%
CI 1.21 to 1.86) but not metabolic syndrome (OR
1.24; 95% CI 0.94 to 1.63) positively correlated with
erosive oesophagitis in females.
Conclusions: The detrimental effect on erosive
oesophagitis is greater by metabolic syndrome than
by NAFLD in males but greater by NAFLD than by
metabolic syndrome in females.

INTRODUCTION
Gastro-oesophageal reflux disease involves
the abnormal reflux of gastric contents into
the oesophagus. Based on oesophagogastro-
duodenoscopic findings, the condition is
classified as erosive oesophagitis (EO) or
non-erosive reflux disease with or without
mucosal damage. EO is a major health
problem in Western countries, and epidemio-
logical studies have demonstrated its increas-
ing incidence.1 It affects the quality of a
patient’s life and increases the risk of
oesophageal ulcers, peptic stricture, Barrett’s
oesophagus and oesophageal adenocarcin-
oma.2 3 Contributing factors to increased risk
of EO include male sex, lifestyle, obesity,
hiatal hernia and Helicobacter pylori
negativity.4–7

Strengths and limitations of this study

▪ Although metabolic syndrome (MS) and non-
alcoholic fatty liver disease (NAFLD) are asso-
ciated with erosive oesophagitis (EO), until now
there are no studies on the concomitant effects
of these conditions on EO with respect to
gender.

▪ This study reveals significant gender differences
in the effects of NAFLD and MS on EO, with a
greater detrimental effect on EO by MS in males
and NAFLD in females.

▪ NAFLD positively correlates with EO in premeno-
pausal females but not in postmenopausal
females or males, suggesting that serum oestro-
gen levels may play an important role in EO.

▪ This study is cross-sectional, and thus cannot
provide evidence to indicate a causal relationship
between NAFLD/MS and EO with respect to
gender.
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Metabolic syndrome (MS) is significantly associated
with EO.6 8 The primary abnormalities of this condition
are abdominal adiposity and insulin resistance. Fatty
liver, presented as a macrovesicular fatty change of the
liver, is also closely related to abdominal adiposity and
insulin resistance.9 Park et al10 examined the simultan-
eous effects of MS and fatty liver on EO and found that
conditions are associated with EO in a Korean popula-
tion. However, this earlier study did not exclude the
potentially confounding effects of excessive alcohol con-
sumption, hepatitis B and hepatitis C.10 Excessive
alcohol consumption, which can result in EO and fatty
liver, may confound the effects of fatty liver on EO.10 11

Furthermore, hepatitis B may play a role in fatty liver and
EO, while hepatitis C is associated with fatty liver.12–14

Non-alcoholic fatty liver disease (NAFLD) is defined as a
subclass of fatty liver that is not caused by excessive
alcohol consumption or other factors causing steatosis.15

Gender differences in NAFLD, MS and EO have been
recently reported.5 7 16–18 Sogabe et al16 17 divided MS
into visceral and subcutaneous types, with each having
significantly different effects on EO; they also found that
the visceral type was predominant among males, while
the subcutaneous type was predominant among females.
However, until now, there have been no studies regard-
ing the concomitant effects of NAFLD and MS on EO
with respect to gender. Our previous study demonstrated
that NAFLD was positively correlated with EO after
excluding participants with excessive alcohol drinking
and hepatitis B/C19 but did not further consider the
effect of gender on EO and its risk factors. This study
aimed to reveal any gender differences in the association
of NAFLD and MS with EO.

MATERIALS AND METHODS
Study subjects
A total of 10 876 male and 7341 female participants who
underwent a health check-up were enrolled from the
Health Examination Center of National Cheng Kung
University Hospital, Taiwan between 1 January 2000 and
31 August 2009. Since this study was a secondary data
analysis without any personal identification information,
the requirement for informed consent was waived. We
excluded participants with cancer (men/women, n=93/
177), hepatitis B (men/women, n=1643/829), hepatitis
C (men/women, n=283/268), excessive alcohol drinking
(>20 g/day, men/women, n=85/6), current medications
for gastrointestinal disease (men/women, n=441/312),
current medication for arthritis (men/women, n=67/
71), previous gastrointestinal surgery (men/women,
n=7/5) and incomplete data (men/women, n=1147/
831). Finally, a total of 7110 male and 4842 female parti-
cipants were included for analysis.

Questionnaire
The baseline data included medical history, menopausal
status (in women), medication use and lifestyle (tea

drinking, smoking, alcohol consumption and habitual
exercise). As previously described in detail,19 tea drink-
ing was defined as at least once per week for at least the
previous half year; smoking was defined as at least 1
pack/month for at least the previous half year;20 alcohol
consumption was divided into two grades: drinker, 40–
140 g/week and non-drinker, <40 g/week for at least the
previous half year;4 and habitual exercise was defined as
vigorous exercise at least 3 times/week for at least the
previous half year.

Anthropometric and laboratory measurements
When standing relaxed at the end of normal expiration,
waist circumference (WC) was measured midway
between the lower rib border and iliac crest.21 Body
mass index (BMI) was calculated as the weight (kg)
divided by the square of the height in metres (kg/m2).
Obesity was defined as BMI of ≥27 kg/m2 according to
the Nutrition and Health Survey in Taiwan.22 On the
basis of the WHO Asia-Pacific criteria, central obesity
was defined as WC of ≥90 cm in men or ≥80 cm in
women.23

A blood pressure monitor (Model 1846SX DINAMAP
Monitor, Critikon, Florida, USA) was used to measure
brachial systolic blood pressure and diastolic blood pres-
sure in the supine position after at least 15 min of rest.
According to the Seventh Report of the Joint National
Committee, hypertension was defined as systolic blood
pressure of ≥140 mm Hg or diastolic blood pressure of
≥90 mm Hg or participants who reported a history of
hypertension or had undergone antihypertensive
therapy.24

Blood samples were obtained from all participants in
the morning following an overnight fast of at least
10 hours. The laboratory tests were conducted using a
direct method with an automatic biochemical analyser
(Model 7600, Hoffmann-La Roche, New Jersey, USA)
and included the following parameters: fasting plasma
glucose, glycosylated haemoglobin, aspartate amino-
transferase, alanine aminotransferase, creatinine, total
cholesterol, triglyceride and high-density lipoprotein
cholesterol (HDL-C). Estimated glomerular filtration
rate (eGFR) was calculated by the Modification of Diet
in Renal Disease equation.25 Participants without a
history of diabetes mellitus were assessed for 2 hours
postload glucose level after a 75 g oral glucose tolerance
test. Diabetes mellitus was determined on the basis of
the American Diabetes Association diagnostic criteria:
(1) a positive history of diabetes or current use of anti-
diabetic therapy, (2) fasting plasma glucose level of
≥126 mg/dL (7.0 mmol/L), (3) 2 hours postload
glucose level of ≥200 mg/dL (11.1 mmol/L) and (4)
glycosylated haemoglobin level of ≥6.5%.26 Based on
the revised National Cholesterol Education Program
Adult Treatment Panel III criteria for Asian popula-
tions,27 MS was diagnosed when participants presented
any three of the following five risk factors: (1) central
obesity; (2) systolic blood pressure of ≥130 mm Hg,
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diastolic pressure of ≥85 mm Hg, or current medication
for hypertension; (3) low HDL-C as HDL-C level of
<40 mg/dL (1.03 mmol/L) for men or <50 mg/dL
(1.29 mmol/L) for women; (4) fasting plasma glucose
level of ≥100 mg/dL (5.6 mmol/L) or current use of
antidiabetic therapy; and (5) hypertriglyceridaemia as
triglyceride level of ≥150 mg/dL (1.69 mmol/L).

Determination of NAFLD
Abdominal ultrasound was performed for all participants
after overnight fasting by an experienced radiologist
using a 3.5 MHz linear transducer and high-resolution
ultrasonography (Xario SSA-660A; Toshiba, Nasu, Japan).
Subcostal and intercostal regions were scanned and
images were captured with participants in the supine pos-
ition. NAFLD was diagnosed as echo findings of hepator-
enal echo contrast, bright liver, deep (posterior beam)
attenuation and vascular blurring.28 The degree of
NAFLD was assessed by the following rule: (1) mild
NAFLD: increased liver echogenicity, slightly hepatorenal
contrast and relative conservation echo pattern of the
walls of the portal veins; (2) moderate NAFLD: greater
hepatorenal contrast, deep attenuation of echoes, loss of
echoes from the walls of the portal veins and featureless
appearance of the liver; and (3) severe NAFLD: obvious
increased hepatorenal contrast, significantly deep attenu-
ation of echoes and loss of most echoes from the walls of
the portal veins, including the main branches.28

Upper gastrointestinal endoscopy
As previously described in detail,19 LUCERA gastroscopes
(LUCERA gastroscopes; GIF-XQ260, Olympus, Tokyo,
Japan) were used for oesophagogastroduodenoscopic
examination, which was performed by six experienced
gastroenterologists who have 15–25 years of experience to
perform this examination after overnight fasting. The
endoscopic classification system, as grades A, B, C and D,
for EO that was proposed by the World Congress of
Gastroenterology in Los Angeles was used to determine
EO.29 The diagnosis of hiatal hernia was determined as
diaphragmatic indentation located at >2 cm distal to the
Z-line (squamocolumnar junction) and the proximal
margins of the gastric mucosal folds.30

Statistical analyses
The SPSS software (V.17.0; SPSS, Chicago, Illinois, USA)
was used for statistical analyses. The χ2 and Student’s
t-tests were used for comparing categorical and continu-
ous variables, where appropriate, between participants
with and without EO. Multivariate logistic regression
analyses were used to test whether NAFLD and MS were
significant correlates of EO, and the covariates were age,
hiatal hernia, eGFR, alcohol consumption, tea drinking,
smoking and habitual exercise in the male group. Since
no members of the female group consumed alcohol, the
predictor variables were the same as those in the male
group excluding alcohol consumption. Finally, we tried
to examine the association between the NAFLD severity

(as non, mild, moderate and severe) and the grade of
EO (as A, B, and C–D). Spearman’s correlation was used
for univariate analysis and ordinal regression for multi-
variate analysis. The adjusted OR, 95% CI and p value
were estimated for each variable using logistic regression
analysis. A p value of <0.05 was defined as statistically
significant.

RESULTS
On the basis of oesophagogastroduodenoscopic find-
ings, the prevalence of EO was 20.1% (n=1427/7110)
and 9.9% (n=477/4842) in males and females, respect-
ively. The prevalences of grades A, B and C–D of EO
were 16.7% (n=1187/7110) and 2.5% (n=177/7110)
and 0.3% (n=18/7110) in males, respectively. Besides,
the prevalences of grades A, B and C or D of EO were
8.6% (n=414/4842) and 0.6% (n=27/4842) and 0.02%
(n=1/4842) in females, respectively. The prevalence of
MS/NAFLD was 23.8/25.9% (n=1694/7110; n=1839/
7110) and 17.2/28.0% (n=833/4842; n=1357/4842) in
males and females, respectively. In addition, the preva-
lence of hiatal hernia was 3.6% (n=257/7110) and 1.5%
(n=75/4842) in males and females, respectively. The
prevalence of mild, moderate and severe NAFLD was
16.0% (n=1137/7110) and 9.7% (n=687/7110) and
1.8% (n=129/7110) in males, respectively. Besides, the
prevalence of mild, moderate and severe NAFLD was
17.2% (n=832/4842) and 10.7% (n=520/4842) and
0.8% (n=39/4842) in males, respectively. Comparison of
the clinical characteristics between participants with and
without EO is shown in table 1. In the male group, com-
pared with participants without EO, those with EO were
older and exhibited higher levels of BMI, WC, systolic
blood pressure, 2 hours postload glucose, glycosylated
haemoglobin, and triglyceride and a higher prevalence
of general obesity, central obesity, hypertriglyceridaemia,
low HDL-C, diabetes mellitus, MS, NAFLD, hiatal
hernia, tea drinkers, smokers and habitual exercisers,
but a lower level of HDL-C. In the female group, partici-
pants with EO had higher BMI and WC and a higher
prevalence of general obesity, central obesity, MS,
NAFLD and hiatal hernia than those without EO. No
participants in the female group consumed 40–140 g of
alcohol per week.
Results of multivariate logistic regression analysis of

the relationship between EO and various risk factors
for male participants are shown in table 2. In model 1,
MS was significantly associated with EO (OR 1.25; 95%
CI 1.08 to 1.44) with an adjustment for age, hiatal
hernia, eGFR, alcohol consumption, tea drinking,
smoking and habitual exercise. Using model 2, NAFLD,
substituted for MS in model 1, was not an independ-
ent risk factor for EO (OR 1.12; 95% CI 0.98 to
1.29). When considering MS and NAFLD simultan-
eously in model 3 with adjustment for the same vari-
ables in model 1, MS was positively correlated with
EO (OR 1.26; 95% CI 1.09 to 1.45) but not NAFLD
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(OR 1.14; 95% CI 0.98 to 1.30). In addition, other
important factors, including age, hiatal hernia, eGFR
and habitual exercise, were also demonstrated to be
associated with EO.

Results of multivariate logistic regression analysis of
the association between EO and various risk factors for
female participants are shown in table 3. With adjust-
ment for age, hiatal hernia, eGFR, tea drinking,

Table 1 Comparisons of clinical variables between participants with and without EO by gender

M (n=7110) F (n=4842)
Clinical variables EO (n=1438) non-EO (n=5739) p Value EO (n=484) non-EO (n=4429) p Value

Age (years) 49.5±11.9 48.4±13.0 0.002 49.4±13.0 49.0±13.1 0.452

BMI (kg/m2) 25.6±3.3 24.9±3.2 <0.001 23.9±3.9 23.3±3.7 0.004

General obesity 398 (27.9) 1325 (23.3) <0.001 91 (19.1) 637 (14.6) 0.009

Waist circumference (cm) 89.5±8.7 87.6±8.7 <0.001 78.3±9.7 77.0±9.3 0.005

Central obesity 660 (46.3) 2222 (39.1) <0.001 182 (38.2) 1474 (33.8) 0.055

Systolic blood pressure (mm Hg) 123.2±16.6 122.0±15.9 0.014 115.2±19.4 113.7±17.9 0.100

Diastolic blood pressure (mm Hg) 73.8±10.5 73.8±10.1 0.858 66.2±10.5 65.8±10.1 0.347

Fasting plasma glucose (mmol/L) 5.41±1.63 5.36±1.49 0.264 5.18±1.50 5.16±1.30 0.726

2-hour postload glucose (mmol/L) 7.32±3.19 6.96±3.11 <0.001 6.86±2.74 6.72±2.77 0.315

Glycated haemoglobin (%) 5.92±1.14 5.81±1.01 0.002 5.78±0.95 5.74±0.91 0.350

Aspartate aminotransferase (IU/L) 27.2±17.7 26.7±14.0 0.232 23.2±10.1 23.1±11.0 0.895

Alanine aminotransferase (IU/L) 35.8±24.4 34.8±25.3 0.161 23.6±15.4 23.1±17.7 0.659

Creatinine (µmol/L) 88.8±51.6 88.8±40.0 1.000 64.5±23.0 63.6±17.7 0.345

eGFR (mL/min/1.73 m2) 95.9±26.1 94.2±26.0 0.035 105.5±31.1 104.0±28.4 0.310

Total cholesterol (mmol/L) 5.15±0.95 5.14±0.97 0.893 5.13±0.99 5.14±0.99 0.858

Triglyceride (mmol/L) 1.82±1.23 1.72±1.22 0.003 1.28±0.91 1.24±0.78 0.303

HDL-C (mmol/L) 1.12±0.29 1.16±0.30 <0.001 1.42±0.38 1.43±0.36 0.558

Hypertriglyceridaemia (≥1.69 mmol/L) 631 (44.2) 2093 (36.8) <0.001 97 (20.3) 792 (18.1) 0.241

Low HDL-C (F<1.29, M<1.03 mmol/L) 609 (42.7) 2027 (35.7) <0.001 188 (39.4) 1648 (37.8) 0.497

Diabetes mellitus 251 (17.6) 838 (14.7) 0.008 69 (14.5) 546 (12.5) 0.223

Hypertension 320 (22.4) 1241 (21.8) 0.632 95 (19.9) 725 (16.6) 0.068

Metabolic syndrome 421 (29.5) 1273 (22.4) <0.001 99 (20.8) 734 (16.8) 0.030

NAFLD 405 (28.4) 1434 (25.2) 0.015 173 (36.3) 1184 (27.1) <0.001

Hiatal hernia 209 (14.6) 48 (0.8) <0.001 65 (13.6) 10 (0.2) <0.001

Alcohol consumption 11 (0.8) 37 (0.7) 0.621

Tea drinking 555 (38.9) 2002 (35.2) 0.010 121 (25.4) 1187 (27.2) 0.394

Smoking 268 (18.8) 918 (16.2) 0.017 9 (1.9) 85 (1.9) 0.928

Habitual exercise 155 (10.9) 504 (8.9) 0.020 26 (5.5) 245 (5.6) 0.884

Data are shown as the mean±SD or number (%).
BMI, body mass index; eGFR, estimated glomerular filtration rate; EO, erosive oesophagitis; F, female; HDL-C, high-density lipoprotein
cholesterol; M, male; NAFLD, non-alcoholic fatty liver disease.

Table 2 Association of clinical variables with the risk of erosive oesophagitis in males*

Model 1 Model 2 Model 3
Clinical variables OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Age (years) 1.02 (1.01 to 1.02) <0.001 1.02 (1.01 to 1.02) <0.001 1.02 (1.01 to 1.02) <0.001

Metabolic syndrome

(yes vs no)

1.25 (1.08 to 1.44) 0.002 1.26 (1.09 to 1.45) 0.002

NAFLD (yes vs no) 1.12 (0.98 to 1.29) 0.101 1.14 (0.98 to 1.30) 0.095

Hiatal hernia (yes vs no) 19.88 (14.42 to 27.41) <0.001 20.03 (14.53 to 27.61) <0.001 19.75 (14.33 to 27.23) <0.001

eGFR (mL/min/1.73 m2) 1.01 (1.00 to 1.01) <0.001 1.01 (1.01 to 1.01) <0.001 1.01 (1.00 to 1.01) <0.001

Alcohol consumption

(yes vs no)

0.93 (0.43 to 1.98) 0.841 0.87 (0.41 to 1.87) 0.734 0.91 (0.42 to 1.94) 0.800

Tea drinking (yes vs no) 1.08 (0.94 to 1.23) 0.285 1.07 (0.93 to 1.22) 0.344 1.06 (0.93 to 1.22) 0.364

Smoking (yes vs no) 1.15 (0.97 to 1.35) 0.110 1.16 (0.98 to 1.37) 0.078 1.14 (0.96 to 1.35) 0.129

Habitual exercise

(yes vs no)

1.26 (1.03 to 1.54) 0.027 1.23 (1.01 to 1.51) 0.043 1.25 (1.02 to 1.53) 0.034

Adjusted OR.
*Binary logistic regression analysis.
eGFR, estimated glomerular filtration rate; NAFLD, non-alcoholic fatty liver disease.
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smoking and habitual exercise, NAFLD was positively
related to EO in model 1 (OR 1.49; 95% CI 1.21 to
1.85). Using model 2, MS did not correlate with EO
(OR 1.22; 95% CI 0.92 to 1.61). When considering MS
and NAFLD simultaneously in model 3, NAFLD (OR
1.50; 95% CI 1.21 to 1.86) but not MS (OR 1.24; 95%
CI 0.94 to 1.63) was still associated with an increased
risk of EO in the female group. Hiatal hernia was an
additional important risk factor for EO. We divided
females into premenopausal (n=2472, 51.1%) and post-
menopausal (n=2370, 48.9%) groups. In premenopausal
females, NAFLD (OR 1.93; 95% CI 1.43 to 2.59) but not
MS (OR 1.20; 95% CI 0.69 to 2.08) positively correlated
with EO. In contrast, neither NAFLD (OR 1.15; 95% CI
0.84 to 1.57) nor MS (OR 1.25; 95% CI 0.91 to 1.73) was
an independently associated factor for EO in postmeno-
pausal females (data not shown in the table).
Finally, we examined the association between NAFLD

severity and EO severity in either gender. In univariate
analysis, there was a slight positive correlation between
the severity of NAFLD and the grade of EO (males:
Spearman’s correlation coefficient=0.028, p=0.020;
females: Spearman’s correlation coefficient=0.038,
p=0.008). In multivariate analysis, based on ordinal
regression, MS was positively associated with the grade of
EO (OR=1.201, 95% CI 1.039 to 1.387, p=0.013), but the
severity of NAFLD was not. In females, although mild
NAFLD was related to the grade of EO (OR=1.385, 95%
CI 1.069 0 to 1.793, p=0.013), MS, moderate and severe
NAFLD were not (data not shown).

DISCUSSION
Our results indicate significant gender differences in the
effects of NAFLD and MS on EO. Subgroup analysis
with respect to gender demonstrated that MS is signifi-
cantly associated with EO in males but not in females,

and NAFLD correlates positively with EO in females but
not in males when considering NAFLD and MS simul-
taneously. Based on the findings from the association
between NAFLD severity and EO severity, male partici-
pants with MS still exhibited a higher risk for the grade
of EO, although different severity of NAFLD was not. In
females, mild NAFLD was related to the grade of EO,
but MS, moderate and severe NAFLD were not. The dis-
crepancy for the effect of different NAFLD severity on
the grade of EO in females can be explained by the
small number of participants with grade B–D of EO or
severe NAFLD resulting in an unreliable model for the
association between NAFLD severity and EO severity. To
the best of our knowledge, this is the first study to reveal
significant gender differences in the association of
NAFLD and MS with EO.
MS is known to be independently associated with EO

via the effects of increased serum cytokines and the
volume of visceral fat.6 10 Elevated serum cytokine levels,
such as interleukin 6 (IL-6) and tumour necrosis
factor-α, can alter neurogenic oesophageal muscle con-
traction following impaired acid clearance and augmen-
ted reflux episodes.31 In addition, an increased volume
of visceral fat positively correlates with elevated serum
cytokine levels6 and increased mechanical gastric pres-
sure, causing frequent relaxation of the lower oesopha-
geal sphincter with acid reflux.32 NAFLD, known to be
associated with obesity and insulin resistance as MS,33

was demonstrated to independently correlate with EO in
this study, possibly through the effects of increased
serum cytokine levels, visceral fat volume and systemic
oxidative stress with a diminished antioxidant cap-
acity.9 34 35 Increased oxidative stress may lead to
damage of the adherent mucus layer and oesophageal
mucosa,36 while decreased antioxidant capacity can
decrease the ability to prevent oesophageal mucosal
damage and accentuate the severity of EO.36

Table 3 Association of clinical variables with the risk of erosive oesophagitis in females*

Model 1 Model 2 Model 3
Variables OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Age (years) 1.00 (0.99 to 1.01) 0.652 1.00 (0.99 to 1.01) 0.792 1.00 (0.99 to 1.01) 0.872

NAFLD (yes vs no) 1.49 (1.21 to 1.85) <0.001 1.50 (1.21 to 1.86) <0.001

Metabolic syndrome

(yes vs no)

1.22 (0.92 to 1.61) 0.161 1.24 (0.94 to 1.63) 0.128

Hiatal hernia

(yes vs no)

65.74 (33.43 to 129.30) <0.001 67.64 (34.43 to 132.88) <0.001 65.08 (33.09 to 128.00) <0.001

eGFR (mL/min/

1.73 m2)

1.00 (1.00 to 1.01) 0.248 1.00 (1.00 to 1.01) 0.645 1.00 (1.00 to 1.01) 0.400

Tea drinking (yes vs

no)

0.91 (0.72 to 1.16) 0.441 0.92 (0.73 to 1.17) 0.496 0.91 (0.72 to 1.15) 0.423

Smoking (yes vs no) 1.13 (0.56 to 2.29) 0.734 1.15 (0.67 to 2.33) 0.697 1.12 (0.55 to 2.27) 0.756

Habitual exercise

(yes vs no)

0.93 (0.59 to 1.46) 0.746 0.96 (0.61 to 1.51) 0.864 0.93 (0.59 to 1.46) 0.761

Adjusted OR.
*Binary logistic regression analysis.
eGFR, estimated glomerular filtration rate; NAFLD, non-alcoholic fatty liver disease.
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Several factors could explain why MS is a significant
risk factor for EO in males but not in females. First, the
patterns of fat distribution differ between males and
females. Females more often develop subcutaneous adi-
posity, whereas males are more prone to visceral fat
deposition.37 Among participants with MS, males have
more visceral fat than subcutaneous fat, while the
reverse was observed in females.16 17 Compared with
females, males might suffer more detrimental effects of
increased visceral fat volume on EO through elevated
serum cytokine levels and mechanically raised gastric
pressure.6 32 Moreover, greater visceral adiposity, which
is observed more often in males than in females, could
result in an increase in serum cytokine secretion to
cause EO.38 These findings are consistent with a recent
study reporting that serum IL-6 and tumour necrosis
factor-α levels were higher in males with MS than in
females.39 Thus, compared with females, males with MS
have a higher visceral fat volume and more visceral adi-
posity, which may result in elevating serum cytokine
levels, thereby causing EO. In contrast, the effect of MS
on EO was not significant in females with MS, possibly
because of a lower visceral fat volume and less visceral
adiposity.
The observed gender differences in the relationship

between NAFLD and EO may be associated with the
effects of oestrogen, which plays a protective role against
EO by decreasing serum proinflammatory cytokine
levels40 and oxidative stress.18 One study reported that
NAFLD in females correlates with decreased serum oes-
trogen levels because of impaired mitochondrial and
peroxisomal fatty acid β-oxidation and increased oxida-
tive stress;18 hence, the protective effects of oestrogen
on EO may be lower in females with NAFLD. Our study
also demonstrated that the effect of NAFLD on EO was
stronger in premenopausal females than in postmeno-
pausal females. This observation also implied that the
serum oestrogen level may play an important role on
EO. Furthermore, oestrogen has been associated with
less visceral fat volume and smaller visceral adiposity,
resulting in lower serum proinflammatory cytokines
levels and increased gastric pressure.6 32 38 This study
found no significant increase in the prevalence of EO in
females with MS, and this may be because of the effects
of oestrogen on body fat distribution and adipocyte size.
This study has several limitations. First, previous

studies demonstrated an association between H. pylori
infection negativity and EO;41 however, data regarding
such an infection were unavailable in this study. Second,
data regarding the pattern of fat distribution, serum oes-
trogen and cytokine levels were also unavailable. Third,
since our study participants were restricted to those
undergoing self-paid health check-ups, there is a possi-
bility of selection bias. Thus, these results may not apply
to the general population. Fourth, the findings might
not be generalisable to other ethnic groups because the
participants were all Taiwanese. Finally, this study is
cross-sectional and thus cannot provide evidence to

indicate a causal relationship between NAFLD/MS and
EO with respect to gender.

CONCLUSIONS
Significant gender differences were observed in the
effects of NAFLD and MS on EO. The effect of MS on
EO severity might be greater than that of NAFLD in
males, while the effect of NAFLD on EO severity was
greater than that of MS in females. Further studies
regarding gender differences in EO should focus on EO
management and clarifying the relationship between
serum oestrogen levels and EO.
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