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Background/Aims: Although abdominal visceral fat has
been associated with erosive esophagitis in cross-sectional
studies, there are few data on the longitudinal effect. We
evaluated the effects of abdominal visceral fat change on
the regression of erosive esophagitis in a prospective cohort
study. Methods: A total of 163 participants with erosive
esophagitis at baseline were followed up at 34 months and
underwent esophagogastroduodenoscopy and computed
tomography at both baseline and follow-up. The longitudinal
effects of abdominal visceral fat on the regression of erosive
esophagitis were evaluated using relative risk (RR) and 95%
confidence intervals (Cls). Results: Regression was observed
in approximately 49% of participants (n=80). The 3rd (RR,
0.13; 95% Cl, 0.02 to 0.71) and 4th quartiles (RR, 0.07; 95%
Cl, 0.01 to 0.38) of visceral fat at follow-up were associated
with decreased regression of erosive esophagitis. The high-
est quartile of visceral fat change reduced the probability of
the regression of erosive esophagitis compared to the lowest
quartile (RR, 0.10; 95% Cl, 0.03 to 0.28). Each trend showed
a dose-dependent pattern (p for trend <0.001). The presence
of baseline Helicobacter pylori increased the regression of
erosive esophagitis (RR, 2.40; 95% Cl, 1.05 to 5.48). Conclu-
sions: Higher visceral fat at follow-up and a greater increase
in visceral fat reduced the regression of erosive esophagitis
in a dose-dependent manner. (Gut Liver 2019;13:25-31)
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INTRODUCTION

The prevalence of gastroesophageal reflux disease (GERD) ac-
cording to increase of obesity has been increasing over the past
decades in Korea."”” Many previous studies demonstrated the as-
sociation between obesity and GERD.”” Abdominal visceral fat
contribute to GERD by mechanical disruption of the integrity
of the gastroesophageal junction® and metabolic effects such as
increasing inflammatory cytokines and the risk of cardiovascu-
lar disease.” We previously demonstrated that abdominal vis-
ceral fat was a better predictor of reflux esophagitis than body
mass index (BMI).* Recent cross-sectional studies also showed
a strong relationship of abdominal visceral fat with erosive
esophagitis’ and Barrett’s oesophagus.” We firstly reported that
high visceral fat and increase of visceral fat during follow-up
induced new development of erosive esophagitis in a previous
cohort study."

However, there are no data the effect of visceral fat on the
regression of erosive esophagitis even if weight gain increased
the risk of erosive esophagitis.” We therefore evaluated the lon-
gitudinal effects of visceral fat and the effect of its change on
regression of erosive esophagitis.

MATERIALS AND MIETHODS
1. Study population

This is a prospective cohort study. A total of 1,765 patients
who underwent endoscopy and abdominal fat computed tomog-
raphy (CT) from February to November 2008 and underwent
follow-up CT and completed questionnaires from May 2010 to
August 2013 (Fig. 1). We excluded those who used proton pump
inhibitor within 4 weeks, did not undergo follow-up endoscopy
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or the Helicobacter pylori test (n=99). And we excluded absence
of erosive esophagitis at baseline (n=1,503). Well trained clinical
research coordinators interviewed participants and completed all
questionnaires. The National Cancer Center Institutional Review
Board approved the study (NCCNCS-10331), and all participants
provided written informed consent for the use of clinical data
for research.

2. Endoscopy

Participants underwent endoscopy using a flexible endoscope
(Q260; Olympus Optical, Tokyo, Japan) under conscious seda-
tion.* We investigated the gastroesophageal junction before
inflation of the stomach. The severity of erosive esophagitis was
classified from A to D according to the Los Angeles (LA) classifi-
cation system."" Endoscopic evaluation of reflux esophagitis was
previously validated by four gastroenterologists* and they also
underwent follow-up endoscopic examination. Rapid urease test
(Pronto Dry; Medical Instruments, Solothurn, Switzerland) was
performed to evaluate H. pylori using biopsy specimen acquired
at the greater curvature of the body.

3. Measurement of obesity

Weight and height were measured by X-SCAN PLUS II (Jawon
Medical Co., Gyeongsan, Korea), and BMI was calculated as
weight divided by height squared (kg/m’). Waist circumferences
were measured at the midpoint between the lower borders of the
rib cage and upper pole of iliac crest.

Abdominal fat was detected using 64-multidetector CT (Bril-
liance 64; Philips, Best, the Netherlands).* In summary, contigu-
ous 5-mm slices were acquired, and fat volume was calculated
using 20 slices covering 100 mm located 50 mm above to 50
mm below the umbilicus. Abdominal fat compartments were
manually traced in each image, segmentation of the 20 slices

1,765 Patients underwent endoscopy and MDCT
from February 2010 to November 2010
and follow-up MDCT from May 2010 to August 2013

was automatically reconstructed, and volume (cm’) was estimat-
ed using software (Extended Brilliance Workspace version 3.5;
Philips) that electronically determined area by setting attenua-
tion values for a region of interest within a range of 25 to -175
Hounsfield units. Visceral fat was defined as intra-abdominal fat
bound by parietal peritoneum or transversalis fascia, excluding
the vertebral column and paraspinal muscles. The subcutane-
ous fat volume was acquired by subtracting visceral fat volume
from total adipose tissue volume.

4. Statistical analysis

We performed a Pearson chi-square test or independent t-
test to evaluate the difference of demographic characteristics,
clinical factors, and obesity indices between persistence and
regression of erosive esophagitis. Fat volumes were categorized
into quartiles based on total baseline participants (n=1,765) for
further analysis. The effects of visceral fat volume and cofactors
on regression of erosive esophagitis were estimated with relative
risk (RR) and 95% confidence intervals (CIs) using regression
analysis. Follow-up visceral fat and change of visceral fat (fol-
low-up-baseline) were analyzed by t-test to evaluate their rela-
tionships with regression of erosive esophagitis. To confirm the
factors associated with regression of esophagitis, we performed
multivariate regression analysis on the following combinations
of confounding factors and visceral fat: (1) baseline confound-
ing factors and quartile of baseline visceral fat; (2) follow-up
confounding factors and quartile of follow-up visceral fat; and
(3) follow-up confounding factors and quartile of visceral fat
change.

All statistical analyses were performed using STATA software
version 12 (College Station, TX, USA). All statistical tests were
two-sided, and p<0.05 was considered statistically significant.

99 Excluded

: not undergo gastroscopy or
Helicobacter pylori test recent user of
proton pump inhibitors

1,503 Excluded
: absence of erosive esophagitis at baseline

h 4

163 Reflux esophagitis at baseline

80 Regression of esophagitis
at follow-up

83 Persistence of esophagitis
at follow-up

Fig. 1. Study flowchart.
MDCT, multi-detector computed to-
mography.




RESULTS
1. Characteristics of participants at baseline and follow-up

A total of 163 participants met the final inclusion criteria

Table 1. Baseline Characteristics of Participants
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at follow-up from May 2010 to August 2013 (Fig. 1). Baseline
mean age was 51.4 years (standard deviation, 8.2 years) and
male sex was 92% (n=150). Baseline H. pylori infection rate
was 22.7% (n=37) (Table 1). The mean follow-up duration was

Characteristic Persistent of esophagitis (n=83)* Regression of esophagitis (n=80)* p-value'
Male sex 80 (96.4) 70 (87.5) 0.036
Age, yr 50.5+7.5 52.4+8.8 0.146
Obesity index
BMI, kg/rn2 26.1+3.1 24.8+2.8 0.006
Waist circumference, cm 90.9+7.3 88.3+7.7 0.028
Visceral fat volume, cm’ 1,237+495 1,131+£510 0.182
Total fat volume, cm’ 2,953+878 2,843+847 0.417
Demographic findings
Hypertension 18 (21.7) 23 (28.7) 0.299
Diabetes 3(3.6) 8 (10.0) 0.104
Use of lipid lowering drugs 1(1.2) 6 (7.5) 0.047
Use of aspirin 13 (15.7) 10 (12.5) 0.562
Current smoking 46 (55.4) 31 (38.7) 0.033
Current alcohol consumption 70 (84.3) 59 (73.7) 0.096
Concomitant endoscopic findings
Presence of Helicobacter pylori 13 (15.8) 24 (30.4) 0.029
Hiatal hernia 11 (13.2) 7 (8.7) 0.359
Presence of atrophic gastritis 17 (20.5) 18 (22.5) 0.754

Data are presented as number (%) or mean+SD.
BM], body mass index.

*Erosive esophagitis refers to reflux esophagitis, Los Angeles classification grade A to D; "p-values were derived from a t-test or chi-square test.

Table 2. Follow-up Characteristics of Participants

Characteristic Persistent of esophagitis (n=83)* Regression of esophagitis (n=80)* p-value'

Follow-up duration, mo 33.9+10.5 33.7+10.6 0914
Obesity indexes at follow-up

BMI, kg/m’ 26.0+2.7 24.6+2.9 0.002

Visceral fat volume, cm’ 1,424+503 1,118+440 <0.001

Total fat volume, cm’ 3,202+853 2,812+775 0.003
Obesity index change (follow-up baseline)

BMI, kg/m’ -0.09+1.76 -0.16+0.83 0.744

Visceral fat volume, cm’ 187+317 -13+255 <0.001

Total fat volume, cm’ 2494432 -31+329 <0.001
Demographic findings

Current smoking 41 (49.4) 25 (31.3) 0.015

Current alcohol consumption 65 (78.3) 51 (63.7) 0.040
Concomitant findings

Presence of Helicobacter pylori 10 (12.1) 15 (18.8) 0.235

Hiatal hernia 15 (18.1) 8 (10.0) 0.139

Data are presented as mean+SD or number (%).
BMI, body mass index.

*Esophagitis refers to reflux esophagitis, Los Angeles classification grade A to D; "p-values were derived from a t-test or chi-square test.
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33.7 months. Regression of erosive esophagitis was noted in 83
persons. Male sex, higher BMI and waist circumference, cur-
rent smoker, and absence of H. pylori at baseline was associated
with persistent erosive esophagitis (Table 1). Even if there was
no statistical difference, current alcohol consumption in the
esophagitis persistent group was higher than the esophagitis re-
gression group.

Overall visceral fat volume (1,184 cm’ vs 1,273 cm’) and
total fat volume (2,899 cm’ vs 3,010 cm’) increased at follow-
up, whereas overall BMI at follow-up was nearly not changed.
Overall infection rate of H. pylori markedly decreased at follow-
up (22.6% vs 15.3%).

2. Effects of visceral fat on the regression of erosive esoph-
agitis

Whereas baseline visceral fat had no association with regres-
sion of erosive esophagitis, lower visceral fat at follow-up was
noted in the regression group comparing to persistent esophagi-
tis group (Tables 1 and 2). Whereas visceral fat decreased in the
regression group (-13 cm’), 187 cm’ of visceral fat increased in
persistent esophagitis group (Table 2). In addition, lower quartile
of follow-up visceral fat and visceral fat change were associated
with regression of erosive esophagitis (Table 2).

When adjusted for baseline visceral fat and cofactors, baseline

Table 3. Effect of Visceral Fat on the Regression of Erosive Esophagitis

visceral fat had no effect on the regression of erosive esophagi-
tis (Table 3). The 3rd and 4th quartile of follow-up visceral fat
decreased the regression of erosive esophagitis when adjusted
for follow-up visceral fat and cofactors (Table 3). The effect of
follow-up visceral fat on regression of erosive esophagitis was
dose dependent pattern (p for trend <0.001) (Fig. 2A). When
adjusted for change of visceral fat and follow-up cofactors, the
highest quartile of visceral fat change decreased the regression
of erosive esophagitis (Table 3). Its trend was also dose-depen-
dent pattern (p for trend <0.001) (Fig. 2B).

The presence of baseline H. pylori increased the regression of
erosive esophagitis (adjusted odds ratio, 2.40; 95% CI, 1.05 to
5.48). Other factors had no statistical significance.

DISCUSSION

To our knowledge, this is the first report to evaluate the effect
of visceral fat change on the regression of erosive esophagi-
tis. In this prospective cohort, higher visceral fat at follow-up
and greater increase of visceral fat decreased the regression of
erosive esophagitis with does-dependent pattern. Regression of
erosive esophagitis was related with baseline H. pylori status but
it had no association with follow-up H. pylori in this study.

In this adjusted analysis, only higher visceral fat at follow-

Persistent esophagitis

Regression of esophagitis

(n=83) (n=80) RR (95% CI) p-value

Quartile of baseline visceral fat*

1st quartile (<604) 6(7.2) 2 (15.0) 1

2nd quartile (>604, <921) 15 (18.1) 20 (25.0) 0.78 (0.21-2.90) 0.71

3rd quartile (>921, <1,239) 25 (30.1) 19 (23.8) 0.58 (0.16-2.13) 0.42

4th quartile (>1,239) 37 (44.6) 29 (36.2) 0.43 (0.12-1.53) 0.19

Trend for quartile 0.77 (0.55-1.10) 0.15
Quartile of follow-up visceral fat’

1st quartile (<684) 2(2.4) 15 (18.8) 1

2nd quartile (>684, <1,036) 13 (15.7) 21 (26.2) 0.22 (0.04-1.21) 0.08

3rd quartile (>1,036, <1,388) 26 (31.3) 22 (27.5) 0.13 (0.02-0.71) 0.02

4th quartile (>1,388) 42 (50.6) 22 (27.5) 0.07 (0.01-0.38) 0.002

Trend for quartile 0.50 (0.34-0.73) <0.001
Quartile of visceral fat change'

1st quartile (< -44) 17 (20.5) 32 (40.0) 1

2nd quartile (> -44, <102) 15 (18.1) 20 (25.0) 0.64 (0.24-1.71) 0.37

3rd quartile (=102, <250) 11 (13.2) 19 (23.8) 0.67 (0.23-1.95) 0.46

4th quartile (>250) 40 (48.2) 9(11.2) 0.10 (0.03-0.28) <0.001

Trend for quartile 0.55 (0.41-0.75) <0.001

Data are presented as number (%). Quartiles were determined based on total participants at baseline (1,765).

RR, relative ratio; CI, confidence interval.

*Adjusted for baseline confounding factors (age, sex, smoking, drinking, Helicobacter pylori, and hiatal hernia), follow-up duration (yr), and base-
line obesity index; 'Adjusted for confounding factors at follow-up (age, sex, smoking, drinking, H. pylori, and hiatal hernia), follow-up duration (yr),

and obesity index at follow-up.
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Fig. 2. Relative risk of regression of erosive esophagitis. (A) Relative risk (with 95% confidence interval) of regression of erosive esophagitis by
quartile of visceral fat volume at follow-up. (B) Relative risk (with 95% confidence interval) of regression of erosive esophagitis by quartile of vis-

ceral fat volume change.

up, not baseline visceral fat, decreased the regression of erosive
esophagitis. These results suggest that regression of erosive
esophagitis depends on follow-up visceral fat. Greater increase
of visceral fat decreased the regression of erosive esophagitis.
These results suggest that reduction of visceral fat can induce
regression of erosive esophagitis. Furthermore, all their associa-
tions were dose-dependent pattern.

Several hypotheses have been proposed to explain how ab-
dominal obesity induce GERD. Abdominal visceral fat increases
intragastric pressure and mechanically disrupts integrity of gas-
troesophageal junction and can induce acid reflux and play a
significant role in GERD.® Abdominal visceral fat also increases

"1 and may accelerate the esophageal

inflammatory cytokines
inflammation. In our previous study, abdominal visceral fat vol-
ume was a better predictor of erosive esophagitis than BMI or
waist circumference in both men and women.* Another cross-
sectional studies also suggested the effect of abdominal visceral
fat on erosive esophagitis.>'*'® Studies to evaluate the longi-
tudinal effect of visceral fat on development or regression of
esophagitis are very rare. Only one previous study showed that
baseline visceral fat, follow-up visceral fat, and high increment
of visceral fat increased the risk of new development of erosive
esophagitis.'’

Baseline visceral fat had no association with regression of
erosive esophagitis, whereas higher baseline BMI was associated
with regression of erosive esophagitis. Low BMI may be a pre-
dictor of regression of esophagitis. Overall visceral and total fat
volume increased during 33.7 months follow-up. This is similar
to our previous results that visceral fat increased according to
aging." In our previous study, 14 cm’ of visceral fat volume
increased by 1 year increase of age.” BMI had a little change
between baseline and follow-up. BMI represents general body
mass including fat, muscle, bone, major organs, and others,
whereas visceral fat volume measured by multi-detector com-

puted tomography (MDCT) represents pure abdominal visceral
fat volume. Therefore, even if visceral fat increases by aging,
the range of BMI change looks be small.

H. pylori infection rate remarkably decreased at follow-up
comparing to baseline because many persons received H. pylori
eradication treatment after baseline examination. Regression
of erosive esophagitis was related with baseline H. pylori status
but it had no association with follow-up H. pylori status in this
study. In our previous study, H. pylori infection had an inverse
relationship with erosive esophagitis and H. pylori eradication
increased the risk of erosive esophagitis to the level of H. pylori-
negative individuals.” Even if male sex was lower in regres-
sion group of erosive esophagitis, sex had no association with
regression of esophagitis in adjusted analysis. Men have higher
visceral fat volume and more frequent smoker comparing to
women, thereby look less regression of erosive esophagitis. Male
sex itself looks no contributing factors of less regression of ero-
sive esophagitis. Baseline current smoker was higher in persis-
tent esophagitis group in unadjusted analysis. Baseline current
drinker was higher in persistent esophagitis group even if there
was no statistical significance. Statistical insignificance may be
due to small number of patients in this study. Age, chronic dis-
ease such as hypertension and diabetes, and medication had no
effect on the regression of erosive esophagitis.

This study has several strengths. The first, it evaluates the ef-
fects of visceral fat and its change on the regression of erosive
esophagitis in a prospective cohort. To our knowledge, this is
the first study that evaluates the longitudinal effect of visceral
fat on the regression of erosive esophagitis. Second, data quality
of questionnaires used in this study was high.* Erosive esopha-
gitis was objectively evaluated with endoscopy and classified
by LA classification. Well trained clinical research coordinators
interviewed the participants. The third, abdominal visceral fat
volume was measured using a MDCT, which has a high degree
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of validity and reproducibility in estimating abdominal adipose
tissue.*"®

Nevertheless, this study also had several limitations. First,
although the radiation dose used in this study was much lower
than the dose used with conventional CT, the use of CT for
measuring abdominal fat may be limited because of the risk of
radiation exposure. Second, study population was homogenous
Korean. For generalizability, external validation in other center
or other race need in the future. Third, patients with erosive
esophagitis at baseline are most men and sample size was rela-
tively small, thereby we did not analyze sex-specific effect.
Finally, we performed rapid urease test using single gastric tis-
sue. Even if positive rate of rapid urease test using tissue from
greater curvature of body was highest in our unpublished pilot
study, rapid urease test using singe gastric tissue has a potential
risk of false negativity.

In conclusion, higher visceral fat volume at follow-up and
greater increase of visceral fat volume decreased regression of
erosive esophagitis with dose-dependent pattern in a longitudi-
nal setting. Therefore, reduction of abdominal visceral fat may
induce regression of erosive esophagitis.
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