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Pathogenetic factors affecting gastroesophageal
reflux in patients with esophagitis and concomitant
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Abstract

AIM To assess the relationship between gastric
acid output (GAO) and both pattern of gastroe-
sophageal reflux (GER) and esophageal lesions, and
to evaluate the role of GAO and other potential
pathogenetic factors in the development of
esophagitis.

METHODS Gastric acid secretory testing and 24-h
intraesophageal pH monitoring were performed in 31
patients with esophagitis and concomitant duodenal
ulcer (E+DU) and compared with those of 72 pa-
tients with esophagitis (E) alone.

RESULTS The GAO in patients with E+DU was
significantly higher than in patients with E (P<
0.05). There was no significant difference between
the two groups of patients as to endoscopicl find-
ings and parameters of GER (P>0.05). A multiple
regression analysis with stepwise deletion showed
that the pre-sence of hiatal hernia (HH), GER in up-
right position and age appeared to correlate signifi-
cantly with the presence of esophagitis.
CONCLUSIONS No parallel relationship between
GAO and severity of GER or esophageal lesions ex-
ists in patients with E+DU, and that GAO is not a
major pathogenetic factor in GER disease.
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INTRODUCTION

It is generally agreed that gastroesophageal reflux
(GER) may be multifactorial in its pathogenesis.
Over the past decade, many investigators have fo-
cused their attention on the role of lower esophageal
sphincter (LES), hiatal hernia (HH), esophageal
mucosal sensitivity, and esophageal or gastric emp-
tying in the development of GER disease. Some
studies have shown that LES, hiatal hernia,
esophageal emptying and esophageal mucosal sensi-
tivity are, to a certain extent, involved in the
pathogenesis of GER!*'%, However, although gas-
tric acid is believed to be an important factor in the
development of GER disease, it is still unclear
whether the severity of GER and esophageal lesions
is necessarily related to increased gastric acid
output. Moreover, little is known which factors are
crucial in the pathogenesis of GER disease.
Therefore, the aims of this study are: to assess the
relationship between gastric acid output (GAO) and
both pattern of GER and severity of esophageal le-
sions in patients with esophagitis and concomitant
duodenal ulcer (E+DU), in comparison with pa-
tients with esophagitis only (E); and to evaluate the
role of GAO and other potential pathogenetic fac-
tors in the development of reflux esophagitis by
multipleregression analysiswith stepwise deletion.

PATIENTS AND METHODS

Patients

Two groups of patients were enrolled in this study.
Of these patients, 31 (27 men, 4 women; mean age
of 44 years) had E+DU and 72 (53 men, 19
women; mean age of 42 years) had esophagitis
only. All patients had symptoms of GER disease, i.
e., chronic heartburn and regurgitation, and/or up-
per abdominal pain, for a median duration of 55.4
months (range from 3 to 120 months). None of the
patients had taken H2-receptor blockers or H*/K*-
ATPaseinhibitorsfor 2 weeks before 24-h pH-moni-
toring and gastric acid secretory testing.

Methods

All patients underwent upper Gl endoscopy, fol-
lowed by 24h intraesophageal pH monitoring and
acid secretory testing over a 2-week period. En-
doscopy was performed by the same gastroentero-
logist in al patients. The degree of esophagitis was
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assessed endoscopicaly by using the criteria of
Savary and Miller™ (grades | to 1V). Of these
patients, only few presented grades Il and Il
esophagitis, and therefore grades | and 11, and 111
and IV, respectively, were grouped together.

The 24-h intraesophagea pH monitoring was
carried out by a routine method used in our
laboratory*213, A glass pH-electrode with an
incorporated potassium chloride reference (Ingold
electrode, No. 440) was introduced via the nasoe-
sophageal route and positioned with the tip 5 cm
abovethe gastroesophageal junction, identified with
the pH®Zmeter. Esophageal pH values were recorded
with asolid-state recorder (Autronicord CM 18).

Analysis of pH recording was made on a com-
puter with a dedicated program. The parameters
recorded included the frequency and duration of
GER in upright position (day-time) and supine posi-
tion (night-time), and GER frequency exceeding 5
minutes. GER was defined as abnormal if total re-
flux duration amounted to 7% during the 24-h
monitoring*.

Basal acid secretory analysis was performed in
the absence of any antisecretory medication for 2
weeks before the study, in accordance with Rauf-
man et al™. In brief, after a nasogastric tube was
introduced into and positioned in the gastric
antrum, the gastric contents were emptied by
aspiration. Four consecutive 15-min samples of gas-
tric secretion were obtained by continuous
aspiration, and the samples were titrated with 0.01
N NaOH to pH 7.0. Fasting basal acid output
(BAO) was expressed as milliequivalents of acid per
hour(mEg/h). After a BAO was obtained, the pa-
tients underwent stimulated acid secretory testing.
Six pg/kg of pentagastrin  were injected
intramuscularly. Sum of the four highest consecu-
tive 15-min samples was represented as a maximal
acid output (MAOQO), and that of the two highest
consecutive 15-min period within 2 h of receiving
the stimulant was represented as a peak acid output
(PAO). At the same time, basal gastrin level in the
serum was measured. Normal values for BAO,
MAO, PAO and basal gastrinin our laboratory are
as follows: BAO, 0.37 mEg/h + 0.27 mEqg/h;
MAO, 2.05 mEg/h £ 1.07 mEg/h; PAO, 3.36
mEg/h + 1.19 mEqg/h; and basal gastrin, 37.8 ng/L
+2.84ng/L.

Chisguare test and Student’ s test were used to e-
valuate the data of Gl endoscopy and gastric acid
secretion, respectively. Statistical evaluation wasmade
using the Mann-Whitney U test for the parameters of 24
h intraesophageal pH monitoring. Multiple regression
anaysiswith stepwisedel etionwasused to evaluaterole
of some potential pathogenetic factorsin the devel op-
ment of reflux esophagitis, which wererated in order of
importance. The methods and stepsareasfollows:

a. Theformulaof multiple regression:
y =b0+b1X1+b2X 2+ -+ +bkXk
wherey and b0 represent a dependent variable and a
constant factor, X1, X2, ---, Xk represent inde-
pendent variables, and bl, b2, ---, bk are the stan-
dard partial regression coefficient of independent
variables®,

b. Dependent variable and independent
variables. In this study, the dependent and indepen-
dent variables were selected on the basis of the hy-
pothesis that the pathogenesis of the reflux
esophagitis was multifactorial, and GER, gastric
acid, hiatal hernia, etc. may be al involved, to a
certain extent, in the pathogenesis of esophagitis.
Accordingly, esophagitis was defined as the depen-
dent variable, and its numerical values assigned to
different grades of esophagitiswere: 1 (Grade | or
[1) and 2 (Grade Il or IV). Ten variables such as
age, HH, GER, gastric acid, etc. were defined as
the independent variables. Table 1 gives in detail
theseindependent variablesand their definition.

Table 1 Independent variables

Variables Items Definition
X1 Age Years
X2 Hiatal hernia 0(no)
1(yes)
X3 Smoking cigarette 0(<1.2 cig./week)

1(<10 cig./day)
2(>10 cig./day)
X4 Alcohol consumption 0(<once/month)
1(once/week)
2(>once a week)

X5 GER in upright position Percentage time
X6 GER in supine position Percentage time
X7 BAO mEg/h

X8 MAO mEg/h

X9 PAO mEg/h

X10 Gastrin pg/L

c. Multiple regression with stepwise deletion.
This analysis was done by means of a dtatistica
package (Statpak 3.1, Northwest Analytical, Inc.
Portland, Oregon, U.S.A.). Coefficients of all in-
dependent variables were calculated by the multiple
regression equation. The variableswith very small
or negative coefficients were dropped because they
were shown to give very weak joint contribution to
the dependent variabley. The independent variables
with weaker contribution to dependent variable
were further deleted from small to large value by
backward regression analysis. After above proce-
dures were repeated, the independent variables with
weaker contribution to the dependent variable were
removed in a step-by-step fashion. In the last step,
the remaining independent variables ranked from
small tolargevalues.
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d. Percentage of contribution. In order to com-
pare the contribution of each independent variable
to dependent variable in a concise way, we deve-
loped aformulato calculate a percentage contribu-
tion of individual independent variable, which was
deduced from the equation of multipleregression:

y=b0+bIX 1+b2X 2+ - +bk Xk
When value of the constant factor b0 is assumed as
0, namely, b0 = 0, the multiple regression equation
becomes y = b1X1 + b2X2 +---+ bkXk, and per-
centage contribution of individual independent vari-
able to dependent variable y can be calculated by the
followingformula:

Mean value of individual variablexits coefficient
x100%

Sum of such products for all independent variables

The larger the percentage value, the more impor-
tant the corresponding variables in joint contribu-
tion.

RESULTS

All patients underwent Gl endoscopy, and the endo-
scopicl resultsin two groups of patients are listed in
Table 2. There was no statistical difference between
the two groups of patients as to the endoscopicl

findings

Table 2 Endoscopicl findings in two groups of patients

Esophagitis HH(%) Ulcer (%)
1-11(%) 11-1V(%)
E+DU(n=31) 74.6 254 49.0 100
E(n=72) 79.1 20.9 55.6 0
P value >0.05 >0.05 >0.05

E+DU = patient with esophagitis and duodenal ulcer
E = patient with esophagitis only

Figure 1 givesthe parameters of gastric acid se-
cretion in both groups of patients. There was no sig-
nificant difference between the two groups of pa-
tients in the values of serum gastrin (P>0.05). The
parameters of 24 h intraesophageal pH monitoring
in patients with E+DU and those with esophagitis
are shown in Table 3. There was no statistical dif-
ference between the two groups as to the parameters
of GER (P>0.05).

Table 3 Parameters of 24h intraesophageal pH-monitoring

GER-up* GER-sup Episode

(% time) (% time) >5 min(No.)
E+DU 15.94+5.91 13.98+14.20 7.85+3.67
E 15.96+14.58 14.33+21.20 8.28+7.10
P value >0.05 >0.05 >0.05

*GER-up = GER in upright position
GER-sup = GER in supine position

Figure 2 shows the results of multiple regression
of dependent variable y (esophagitis) on 10 inde-
pendent variables. In patients with E+DU, four
rounds of regression with stepwise deletion analysis
were performed. The first round of regression end-
ed with deletion of independent variables X3
(smoking cigarette), X6 (GER in supine position),
X7 (BAO) and X9 (PAO) because they showed very
weak joint contribution or negative values. The re-
maining variables underwent a second round of re-
gresson with stepwise deletion, and 2 variables,
i.e. X4 (alcohol consumption) and X10 (gastrin)
were deleted. In the third round of regression, X8
(MAO) was deleted. Thefourth round of regression
on the remaining variables was completed, showing
the coefficients of variables in order of importance:
X2 (HH), 05696282; X5 (GER in upright
position), 1.027288E-02; and X1 (age),
8.406402E-04. Similarly, in patients with E, the in-
dependent variables deleted in the first two rounds
of regression were: smoking cigarette, alcohol con-
sumption and gastrin; and age, GER in supine
position, BAO and PAO. The third round ended
with the following results: X5 (GER in upright
position), 1.156702E-02; X8 (MAO), 9.72133E-
04; and X2 (HH), 4.629944E-02 (Table 4).
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Figure 1 Gastric acid output in two groups of patients.
Figure2 Flow chart of multiple regression analysis with stepwise
deletion.
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Table 4 Contribution of independent variable to dependent
variable

Coefficients (b)

X value Contribution

Variables (mean) (%)
1st RR Last RR
E+DU
X2(HH) 0.3943586 0.5696282 0.36363 52.39

X5(GER-up) 4.044132E-02 1.027288E-02 14.65455 38.08
X1(age) 2-869943E-02 8.406402E-04 44.81818 9.53
E

X5(GER-up) 2.735608E-02 1.156702E-02 19.21875 80.56
X8(MAO) 3.405805E-02 9.72133E-04 28.34812 9.99
X2(HH) 0.1626756 4.629944E-02 0.562600 9.45

RR = round of regression
GER up = GER in upright position

In patients with E+ DU, the percentage contri-
butions of independent variables X2, X5 and X1 to
y were 52.39%, 38.08% and 9.53%, respectively.
Similarly, the percentage contributions of variables
X5, X8 and X2 in patients with E to y were
80.56%0, 9.99% and 9.54%, respectively.

DISCUSSION

Gastric acid secretion is considered to be an impor-
tant pathogenetic factor in the development of GER
disease. In several studies, abasal acid output high-
er than normal has been found in patients with re-
flux esophagitis*’*¥. Collen et al have demonstrat-
ed that GER patients who did not respond to stan-
dard ulce rhealing doses of H2-blocker showed gas-
tric acid hypersecretion®”. These results stress the
point that gastric acid hypersecretion is a crucial
factor for GER disease and for the resistance of
GER patients to H2-blockers. However, our results
showed that although the gastric acid output in pa-
tients with E+DU was significantly higher than in
patients with E, there was no significant difference
between two groups of patients as to severity of
esophageal lesions and patterns of GER. These re-
sults suggest that no parallel relationship between
GAO and severity of GER or esophageal lesions
exigtsin patientswith E+DU.

One approach to investigate the reason why the
increased gastric acid output is not accompanied by
aggravation of both GER patterns and severity of
esophageal lesionsisto assess quantitatively therole
of the various potential pathogenetic factor
involved, which may not only influence esophagitis
but also interact. Therefore, multiple regression
analysis with stepwise deletion is needed. According
to this method, the value of any regression coeffi-
cient depends on all the other variablesincluded in
the regression. With stepwise deletion, the standard
partial regression coefficient can be used as a mea-
sure of relative importance, the X being ranked in
order of the size of their coefficients.

In our study, ten independent variables in each
patient group were evaluated by multiple regression

analysis with stepwise deletion. In patients with E +
DU, smoking, GER in supine position, BAO,
PAO, acohol consumption, gastrin, and MAO were
deleted in a stepwise fashion because they failed to
significantly affect esophagitis. Similarly, in pa-
tients with esophagitis without DU, seven variables
such as smoking, acohol consumption, gastrin, etc.
were deleted by two rounds of regression. These re-
sultsindicate that GER in upright position and HH
are important determinants of esophagitis. Our re-
sults also demonstrate, on the contrary, that the
gastric acid output is not an important pathogenetic
factor responsiblefor GER disease.

The relationship between the development of
esophagitis and the pattern of GER is also a deba-
table issue. Some authors have found that the deve-
lopment of esophagitis is related to an increased
GER in supine position?*?4, Others have argued
that GER in upright position is the most important
pathogenetic factor!®28, In our study, the result of
multiple regression indicates that the GER in supine
position appears to be a weak factor affecting
esophagitis, whereas GER in upright position plays
an important role in the pathogenesis of esophagitis
in both groups of patients.

In conclusion, an increased gastric acid output
in patients with E+DU does not aggravate both the
pattern of GER and esophageal lesions because the
gastric acid output fail to appear as a significant
pathogenetic factor responsible for GER disease,
whereas GER in upright position and presence of
HH are significantly related to GER disease in both
groupsof patients.
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