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Abstract
Background-Reflux oesophagitis is con-
sidered a multifactorial disease, but the
respective roles of the main factors
involved in its pathophysiology have not
been clearly established.
Ains-To attempt to assign these roles by
means ofa multivariate logistic regression
analysis of the main parameters asso-
ciated with reflux oesophagitis.
Patients-Eighty seven patients with
gastro-oesophageal reflux disease were
studied: 41 without oesophagitis and 46
with reflux oesophagitis grade 1 to 3.
Methods-(l) Monovariate comparison of
patients' characteristics and of para-
meters derived from in hospital 24 hour
oesophageal pH monitoring, oesophageal
manometry, double isotope gastric
emptying studies, and basal and penta-
gastrin stimulated gastric acid and pepsin
output determinations, between patients
with and without oesophagitis. (2) Multi-
variate logistic regression analysis includ-
ing the parameters significant in the
monovariate analysis.
Results-Among the 16 significant para-
meters from monovariate analysis, three
significant independent parameters were
identified by multivariate logistic regres-
sion analysis: number of refluxes lasting
more than five minutes, reflecting oeso-
phageal acid clearance (p=0002); basal
lower oesophageal sphincter pressure
(p=0.008); and peak acid output (p=0-012).
These three parameters were not corre-
lated with each other. The multivariate
model was highly discriminant (correct
classification of 81.3% of the cases (95%
confidence intervals 0-723, 0.903). Risk for
oesophagitis increased as a function ofthe
tercile threshold values of the three para-
meters. Odds ratios of the three para-
meters for oesophagitis risk were similar,
regardless ofwhether they were calculated
when the patients were compared as a
function of oesophagitis grade or the
presence or absence of oesophagitis.
Conclusion-This multivariate approach
adds evidence that impaired oesophageal
acid clearance and hypotonic lower
oesophageal sphincter are the two major
independent pathophysiological factors of
oesophagitis, but also showed that the acid

secretion level is an independent patho-
physiological factor.
(Gut 1997; 40: 167-174)

Keywords: reflux oesophagitis, pathophysiology,
multivariate analysis, oesophageal clearance, lower
oesophageal sphincter, acid secretion.

When the antireflux barrier is impaired,
permanently or transiently, gastro-oesophageal
reflux may occur. The reasons why some
patients with gastro-oesophageal reflux disease
(GORD) develop reflux oesophagitis are not
fully understood.A" For many authors, reflux
oesophagitis can be regarded mainly as a pri-
mary motility disorder with disturbances of
oesophageal motility and clearance,5-9 lower
oesophageal sphincter (LOS) incompe-
tence,'0 11 and, for some authors, delay in
gastric emptying. 2 However, many other
factors could contribute to the creation of
oesophageal mucosal erosions such as the
toxicity of the refluxate,13 14 which depends on
the characteristics of the gastric juice, and the
oesophageal mucosal resistance." 11 Further-
more, the respective part played by each patho-
physiological factor in the creation of
oesophageal erosions is unknown. Although
reflux oesophagitis seems to be a multifactorial
disease, many studies have only considered
each of its potential pathophysiological factors,
separately. Few studies have considered the
association of several pathophysiological
factors of oesophagitis.17-23 None used a multi-
variate model including the main factors differ-
entiating between GORD patients with and
without oesophagitis.
The aim of this study was to evaluate the

respective roles of the main factors involved in
the pathophysiology of reflux oesophagitis by
means of multivariate logistic regression analy-
sis. The studied parameters were patients'
characteristics and parameters derived from 24
hour oesophageal pH monitoring, standard
oesophageal manometry, double isotope
gastric emptying studies, and basal and penta-
gastrin stimulated acid and pepsin secretion
determinations. A monovariate comparison of
these parameters was first carried out in two
groups of GORD patients, with or without
reflux oesophagitis, then the significant para-
meters were included in the multivariate analy-
sis. Odds ratios of the identified independent
parameters for oesophagitis risk were de-
termined.
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Methods

PATIENTS

Outpatients suffering from GORD were pro-
spectively recruited by two of us (TC, MM).
Patients who had undergone upper digestive
endoscopy performed by three of us (GC, TC,
TV) and in hospital 24 hour oesophageal pH
monitoring could be included in the study when
the following inclusion and exclusion criteria
were fulfilled. The inclusion criteria were: (1)
typical symptoms ofGORD - that is, heartburn,
regurgitation or both, for more than six months
- or atypical GORD related symptoms, such as
chronic bronchopulmonary symptoms, chronic
laryngitis or non-cardiac chest pain, and (2)
excessive oesophageal acid exposure on in
hospital 24 hour oesophageal pH monitoring -
that is, >4-2% of reflux time at pH <4 on 24
hour recording or >6/3% in the upright position,
or >1 2% in the supine position,24 or all three.
Exclusion criteria were: (1) previous gastric
or oesophageal surgery; (2) diabetes mellitus;
(3) progressive systemic sclerosis, Raynaud's
syndrome and other vascular collagen diseases;
(4) neurological disorders; (5) Zollinger-Ellison
syndrome; and (6) complicated oesophagitis -
that is, oesophageal ulcer or stenosis and
Barrett's oesophagus (>3 cm of columnar cell
lined oesophagus). Patients who gave their
informed consent and underwent oesophageal
manometry, double isotope gastric emptying
study, and basal and pentagastrin stimulated
gastric acid and pepsin output determinations
were included. The study was conducted in
accordance with the Helsinki Declaration.

STUDY DESIGN

Endoscopy
Upper digestive tract endoscopy was performed
routinely without sedation using Olympus endo-
scopes. The absence of oesophagitis was defined
as the absence of erosions (no oesophagitis
group). Oesophagitis was graded as follows:
grade 1: erosion(s) involving only a single longi-
tudinal oesophageal fold; grade 2: non-circum-
ferential mutiple erosions involving more than
one longitudinal fold with or without conflu-
ence; grade 3: circumferential erosions.25 Hiatal
hernia, defined as a distance between the dia-
phragmatic hiatus and the gastro-oesophageal
junction >2 cm, was diagnosed endoscopically.
Helicobacter pylori status was not assessed.

In hospital 24 hour oesophagealpH monitoring
All studies were performed with a glass pH
electrode (Ingold 10-4403022, diameter 3-8
mm) connected to a portable digital recorder
(Digitrapper, Synectics Medical). Before each
recording, the pH electrode was standardised
against buffer solutions at pH 7 0, 4 0, and 1I0.
The pH probe was inserted through the nose
and its tip was positioned 5 cm above the
gastro-oesophageal junction, identified pH
metrically and not manometrically. All the
patients were prescribed the same standardised
diet: 2085 kcal/24 h, 15-8% protein, 36.6% fat,

and 47T6% carbohydrates with meals at
7 00-7 30, 12 00-12 30, 18 30-19 00. Patients
recorded the time of food or fluid consumption
and posture changes on a diary card. Data were
analysed on an IBM PC (software: Esogram/
Gastrogram 9822, version 5 09, Gastrosoft).
The following variables were recorded during
the 24 hour period and during the upright and
supine periods: number of refluxes lasting >5
minutes (NR5) at pH <4, percentage of reflux
time at pH <4, number of refluxes at pH <4,
and duration of the longest reflux at pH <4.

Oesophageal manometry
After an overnight fast, oesophageal mano-
metry was performed using a 4 catheter water
perfused tube (external diameter, 5 mm)
connected to an Arndorfer hydrocapillary
pump. The distal side openings on the cath-
eters were staggered radially at 900 intervals
and were spaced 5 cm apart. The station pull
through technique was used to determine the
basal LOS pressure (LOSP) at the pressure
inversion point on each catheter. Intervals
between steps were 20-30 seconds. The mean
of four values obtained in each patient was
calculated. The amplitudes of at least 10
oesophageal waves were measured 5 cm and 10
cm above the LOS after swallowing 5 ml of
water at 20 to 30 second intervals and the
means of these wave amplitudes were calcu-
lated. The percentage of completely propa-
gated oesophageal waves between 10 cm and
5 cm above the LOS was determined.

Double isotope gastric emptying study
Gastric emptying of both solid and liquid
phases of a meal was studied as previously
described.26 Briefly, after an overnight fast, a
double labelled test meal of 450 kcal was eaten
in less than 15 minutes at 11 00. The meal
contained 21 g of protein, 23 g of fat, and
40 g of carbohydrate, in a final volume of 400
ml. The liquid phase of the meal was labelled
by 100 ,uCi of ["'In]DTPA diluted with tepid
water (220 ml) and the solid phase with 1 mCi
of 99mTc-ovalbumin mixed into eggs. The 237
keV (±20%) peak for gamma emissions was
selected as the indium 'window' and the 140
keV (+ 1 0%) peak as the technetium 'window'.
An Acti-gamma camera (CGR, Sopha-
Medical, Paris, France) was used, connected to
a Digital Equipment (Sismis III, Sopha-
Medical). The region corresponding to the
stomach was determined on both anterior and
posterior images. Successive one minute
anterior and one minute posterior images were
collected at 10 minute intervals for 200
minutes, with the subject in an upright
position. Results for both solids and liquids are
expressed as time elapsed until 50% emptying
(emptying half time) had been achieved and as
lag time (min) for emptying solids.

Gastric acid and pepsin output determinations
Tests were performed after an overnight fast as
previously described.27 Briefly, a nasogastric
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tube was placed in the stomach and its position
checked by the water recovery test, while the
patient lay in a semirecumbent position. The
gastric juice was collected by gentle manual
aspiration and pooled in 15 minute samples
during the basal state for 75 minutes and in
response to pentagastrin (6 pug/kg intramuscu-
larly) for 60 minutes. The first 15 minute
sample was discarded. Subsequent 15 minute
samples were stored at 4°C immediately after
collection. The volume of each sample was
measured. Acidity was determined by titration
up to pH 7-0 and proteolytic activity (pepsin)
by an automated method using human haemo-
globin as the substrate.28 Basal hourly acid and
pepsin outputs were calculated. Peak acid
(PAO) and pepsin outputs in response to
pentagastrin were calculated as twice the sum
of the two consecutive 15 minute samples
having the highest acid or pepsin outputs.
Gastric acid outputs are expressed as mmol/h
and pepsin outputs as pepsin units/h.

identified using an ascending selection pro-
cedure (Proc Logistic, SAS 6-08, Cary, NC,
USA). The final model included only those
parameters with a p value <0.05. Threshold
values of the independent significant para-
meters were determined according to the
terciles of each parameter. Odds ratios of these
threshold values were calculated for oeso-
phagitis risk. The selected parameters were
also included in a multivariate logistic re-
gression analysis comparing the patients as a
function of the grade of oesophagitis.

Results
Eighty seven GORD patients were studied: 41
had no oesophageal erosion (no oesophagitis
group); 46 had oesophageal erosions (oeso-
phagitis group). In this second group, 10
patients (22%) had grade 1 oesophagitis, 30
patients (65%) had grade 2 oesophagitis, and
six patients (1/3%) had grade 3 oesophagitis.

STATISTICS

Results are expressed as medians and ranges.
Monovariate comparisons between the two
groups of patients, with and without oeso-
phagitis, were made using the Kruskal-Wallis
test or the Mann-Whitney U test for quan-
titative parameters and the x2 test for quali-
tative parameters with Yates's correction when-
ever relevant. Correlations between parameters
were measured by the Spearman rank corre-
lation coefficient. Statistical significance was
set at p<0 05. Parameters significant according
to the monovariate analysis between patients
with and without oesophagitis were included in
a multivariate logistic regression analysis.
Independent significant parameters were

TABLE I Charactenrstics of the two groups ofGORD patients

No oesophagitis Oesophagitis
Parameter (n=41) (n=46) p Value

Age (y) median (range) 47 (24-71) 58 (26-81) 0-025
Women/men 22/19 13/33 0-015
BMI (kg/m2) median (range) 24-0 (16-3-31-0) 25-9 (20-7-35-4) 0-005
Hiatal hernia 18 34 0-004

BMI: body mass index: weight/height2. p Values for age and BMI were determined using Mann-
Whitney U test, and for sex and hiatal hernia with the x2 test.

TABLE II OesophagealpH monitoring data in the two groups ofGORD patients

No oesophagitis (n=41) Oesophagitis (n=46)
Parameter median (range) median (range) p Value*

NR5
Total 4-0 (0-0-19-0) 8-0 (0 0-30-0) 0-0002
Upright 3-0 (0-0-15-0) 4-0 (0-0-17-0) 0-039
Supine 1-0 (0-0-16-0) 2-3 (0-0-26-0) 0-130

Reflux time (/)
Total 6-9 (1-4-44-0) 12-2 (36-51-5) 0-0009
Upright 9 9 (1-3-27-2) 12-9 (3-3-68-0) 0-030
Supine 6-2 (0-1-62-8) 8-0 (0-2-65-4) 0-240

No of reflux episodes
Total 46-0 (7-0-157-0) 64-0 (13-0-216-0) 0-030
Upright 31-0 (2-0-121-0) 49-5 (8-0-150-0) 0-010
Supine 8-0 (2-0-42-0) 13-0 (2-0-68-0) 0-071

Longest reflux (min)
Total 31-0 (4-0-208-0) 31-0 (2-0-128-0) 0 440
Upright 13-0 (1-0-71-0) 19-5 (2-0-128-0) 0 053
Supine 34-0 (1-0-208-0) 20-5 (1-0-204-0) 0-430

*Mann-Whimey U test. Total: during the 24 hour monitoring period. Upright: during the
upright period monitoring. Supine: during the supine monitoring period.

MONOVARIATE ANALYSIS

Patients' characteristics (Table I)
Compared with patients without oesophagitis,
patients with oesophagitis were significantly
older (p=0 025), had a significantly higher
body mass index (p=0 005), were more often
men (p=0-0 15), and more of them had a hiatal
hernia (p=0 004).

In hospital 24 hour oesophagealpH monitoring
(Table II)
Among oesophageal 24 hour pH monitoring
data, the most relevant factor was NR5; its
median was two times higher in the group with
oesophagitis than in the group without
(p=0 0002). NR5 also differed significantly by
group when patients were compared according
to their grade of oesophagitis (p=0 002) (Fig 1),
and there was a significant linear correlation
between NR5 and the grade of oesophagitis
(r=0 41, p<0 001). The difference between
NR5 values for patients with hiatal hernia and

030 r

20 H

et

qs*CN

z
10

0

0

0

8
_ o

oo

OoDOOC_ liq?

0 0
0

080

8
0

0

0
0

0
0

0

co
0

-9o-
00

0 1 2 3
Grade of oesophagitis

Figure 1: Individual numbers of refluxes lasting >5 minutes
(NRS) during the 24 hour oesophagealpH recording as a
function of the grade of oesophagitis.25 Bars indicate
medians. p=0-002 (Kruskal-Wallis test).
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TABLE m Oesophageal and gastnc motility data in the two groups ofGORD patients

No oesophagitis (n=41) Oesophagitis (n=46)
Parameter median (range) median (range) p Value*

LOSP (mm Hg) 18-0 (4-0-33 0) 11-8 (4 5-25 0) 0-0008
Ampl 5 (mm Hg) 87-0 (36-0-183-0) 73-0 (20-0-195-0) 0-150
Ampl 10 (mm Hg) 79-0 (37-0-162-0) 63-0 (10-0-161-0) 0 050
Propagation (O/6) 100-0 (80-0-100-0) 100-0 (80-0-100-0) 0-480
T,/2 solids (min) 120-0 (60-0-195-0) 105-0 (45-0-180-0) 0-280
T1,2 liquids (min) 75-0 (15-0-150-0) 75-0 (30-0-165-0) 0-670
Lag time (min) 18-2 (0-0-137-0) 16-1 (0-0-150-4) 0-840

*Mann-Whitney U test. Ampi 5 and 10: oesophageal wave amplitude measured 5 and 10 cm
above the LOS. T,,2: gastric emptying half time. Lag time: lag time for gastric emptying of solids.
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median amplitude of oesophageal waves

measured 10 cm above LOS was 20-3% lower
in patients with oesophagitis (p=005). The
percentage of completely propagated oeso-

phageal waves did not differ significantly be-
tween the two groups. In 12 patients with
oesophagitis and 15 patients without oeso-

phagitis, 90% or less of the oesophageal waves

were completely propagated (NS).

Double isotope gastric emptying study (Table III)
Median gastric emptying halftime of solids and

o liquias ana lag time tor emptying OI soilas were
o comparable for the two groups.

8
0

0

Gastric acid and pepsin output determinations
°° (Table IV)

(a80o 8 °° Median PAO 25-9% higher in oesophagitis

ETe 8
0 patients compared with patients without
8 oesophagitis (p=0 007). When comparing the
0g,° patients according to their grade of oeso-

-o phagitis, PAO tended towards significance

(p=0-061) (data not shown). There was a slight
°8° ° but significant linear correlation between PAO

and the grade of oesophagitis (r=-028,
p<0010). Eight (17A4%) oesophagitis patients

0 1 2 3 had PAO values above the mean PAO+2 SD
Grade of oesophagitis of the non oesophagitis group - that is, 51

2: Individual values of the basal lower oesophageal mmol/h. The percentage of patients with PAO
?rpressure (LOSP) as afunction of the grade of >51 mmolh increased significantly with the
igitis.2Bars indicate medians. p=0005 (Kruskal- grade of oesophagitis (p=0016) that is,

test). 24%/, 0%, 20%, and 33% of the patients with
no oesophagitis, grade 1, grade 2, and grade 3
oesophagitis, respectively. Median basal acid

without hiatal hernia did not reach output, basal pepsin output, and peak pepsin
ical significance (p=006). The median output were higher in the patients with oeso-

itage of total reflux time (at pH <4) was phagitis than in those without oesophagitis,
r in the oesophagitis group than in the no +122-7% (p=0 033), +85-5% (p=0 009), and
hagitis group (+76-8%) (p=0 0009). The +35-2% (p=0 020), respectively.

percentage of total reflux time was significantly
correlated with NR5 (r=0 90, p<0O0001).
Significantly higher numbers of reflux episodes
were recorded in the oesophagitis group. The

pH monitoring data also differed significantly
between the two groups in the upright position
but not in the supine position.

Oesophageal manometry (Table III)
Basal median LOSP in patients with oeso-

phagitis was 34 4% lower than in patients
without oesophagitis (p=0 0008). Further-
more, LOSP also differed significantly between
groups when patients were compared accord-
ing to their grade of oesophagitis (p=0 005)
(Fig 2). There was a weak but significant linear
correlation between basal LOSP and the grade
of oesophagitis (r=-038, p<0O001). The

TABLE Iv Gastric acid and pepsin outputs in the two groups ofGORD patients

No oesophagitis (n=41) Oesophagitis (n=46)
Output median (range) median (range) p Value*

Basal acid (mmol/h) 2-2 (00-25 7) 4-9 (00-19-8) 0 033
Peak acid (mmol/h) 27-0 (84-55-3) 34 0 (58-75-9) 0 007
Basal pepsin (PU/h) 200-0 (00-1450-0) 371-0 (00-1205-0) 0 009
Peak pepsin (PU/h) 790-0 (1450-2270-0) 1068-0 (1800-2906-0) 0-020

*Mann-Whitney U test. PU: pepsin unit.

MULTIVARIATE LOGISTIC REGRESSION ANALYSIS

The 16 significant parameters identified by
monovariate analysis were included in the multi-
variate logistic regression analysis. These factors
were: age, sex, body mass index, presence of
hiatal hernia, NR5 during the 24 hour period
and during the upright period, percentage of
reflux time during the 24 hour period and
during the upright period, number of reflux
episodes during the 24 hour period and during
the upright period, basal LOSP, amplitude of
contraction waves measured 10 cm above LOS,

TABLE v Multivariate logistic regression analysis between
GORD patients with or without oesophagitis

Odds Odds ratio
Parameters Estimate ratio* 95% CI p Value

NR5 0-1539 1-166 1-057, 1-287 0-002
LOSP -0-1167 0-890 0-816, 0 970 0-008
PAO 00508 1-052 1-011, 1-095 0-012
Intercept -0-8944 0 409 0-060, 2-767 0-359

The multivariate analysis included the 16 significant
parameters identified by monovariate comparison between the
two groups of GORD patients. *: with a one point increment.
The odds ratio of each parameter was adjusted to the other two
parameters. CI=confidence intervals. The model correctly
classified the patients (no oesophagitis or oesophagitis) in
81.-3% of the cases (95% CI: 0-723, 0 903).
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TABLE VI Spearman correlation analysis between the three
independent parameters

Parameters r p Value

NR5/LOSP -0-164 >0-10
NR5/PAO 0 109 >0 10
LOSP/PAO -0-147 >0-10

basal acid output, PAO, basal pepsin output,
and peak pepsin output. The multivariate
logistic regression analysis identified three
independent factors that contribute significantly
to differentiating between patients with and
without oesophagitis - that is, NR5 (p=0 002),
basal LOSP (p=0-008), and PAO (p=0-012)
(Table V). Body mass index and male sex had
adjusted p values tending towards significance,
p=0-062 and p=0067, respectively. Other
parameters had adjusted p values above 0-14.
The model, -0-8944+0-1539XNR5-0-1167

XLOSP+0 0508xPAO, correctly classified
patients as having oesophagitis or not in 81-3%
of the cases (95% confidence intervals: 0-723,
0-903). This model fits our data very well
(Hosmer and Lemeshow goodness of fit test)
with a non-significant p value of 0-98.
The absence of correlation between NR5,

LOSP, and PAO was determined by Spearman
rank correlation analysis (Table VI).

ODDS RATIOS OF NR5, LOSP, AND PAO FOR

OESOPHAGlTIS RISK

Odds ratios, with each parameter being
adjusted at constant level to the other two
parameters, were calculated with a one point
increment for NR5, LOSP, and PAO, and are

given in Table V.
The impact on the risk for oesophagitis of

different thresholds of these three independent
parameters, determined according to terciles,
are indicated in Table VII. Compared with the
parameter thresholds associated with the
lowest oesophagitis risk - that is, NR5 <4/24 h,
LOSP .18 mm Hg, and PAO <25 mmol/h,
respective odds ratios of the other parameter
thresholds were significantly higher, with the
exception of the parameter threshold 4 .NR5
<8/24 h (p=0-081). Because of the small
numbers of patients, the determination of
adjusted odds ratios for the combination of the
parameter thresholds was not possible.
Odds ratios of NR5, basal LOSP, and PAO,

calculated when the patients were divided into
four groups as a function of oesophagitis grade
(no oesophagitis, grade 1, grade 2, and grade 3)
were very similar to the values calculated when
the patients were divided into two groups, with
and without oesophagitis (Table V). Odds
ratios (95% CI) calculated as a function of the
oesophagitis grade were: 1- 127 (1-048, 1-213)
for NR5, 0-887 (0-822, 0-957) for basal LOSP,
and 1-047 (1-015, 1-081) for PAO.

Discussion
The reasons why some GORD patients
develop reflux oesophagitis remain unclear. As
many parameters differentiate between GORD
patients with and without oesophagitis, it is

TABLE via Risk for oesophagitis according to different
thresholds ofNR5, LOSP, and PAO

Odds Odds ratio
Parameter thresholds ratio 95% CI p Value

NR5 <4/24 h 1-00 - -
4 <NR5 <8/24 h 2-76 0-88, 8-59 0-081
NR5 28/24 h 6-86 2-15, 21-91 0-001
LOSP >18 mm Hg 1-00 - -
11-8 LOSP <18 mm Hg 4-58 1-44,14-57 0-010
LOSP < 11 8 mm Hg 6-32 2-11, 18-97 0-001
PAO <25 mmol/h 1-00 - -

25 <PAO <36 mmol/h 3-12 1-04, 9-33 0-042
PAO>36mmolVh 4 50 1-46, 13-89 0 009

Thresholds were determined according to the terciles of each
parameter.

generally accepted that the pathogenesis of
reflux oesophagitis is multifactorial.lA In this
study, most of the known parameters involved
in the pathophysiology of reflux oesophagitis
were investigated in each patient. To identify
which factors independently differentiate these
patients and to increase our understanding of
the pathophysiology of reflux oesophagitis, we
undertook a multivariate logistic regression
analysis of the main known parameters that
distinguished between GORD patients with
and without oesophagitis after monovariate
analysis.
The multivariate analysis showed that three

independent parameters were significantly as-
sociated with oesophagitis - that is, NR5,
LOSP, and PAO. These three parameters were
not correlated with each other (Table VI). The
odds ratio of each parameter for oesophagitis
risk was calculated and the cumulative effect of
these parameters on oesophagitis risk was
established using the multivariate model. Our
model was highly discriminant, as it correctly
classified the patients into the two groups -
with and without oesophagitis - in 81 3% of
the cases. Furthermore, its goodness of fit with
our data was very high. These findings seem
relevant because the oesophagitis risk asso-
ciated with different thresholds ofNR5, LOSP,
and PAO increased with the increase in the
threshold values of the three parameters (Table
VII). This finding suggests a continuous effect
of each parameter on oesophagitis risk.
Furthermore, when the patients were com-
pared as a function of the oesophagitis grade,
NR5 and LOSP differed significantly (Figs 1
and 2), but PAO only tended towards signifi-
cance (p=0-061). A significant linear corre-
lation was also found between the values of
NR5, LOSP, and PAO and the grade of oeso-
phagitis. Finally, odds ratios calculated as a
function of the oesophagitis grade (four
groups) were very similar to those calculated as
a function of the absence or presence of
oesophagitis (two groups).
Do these statistical findings have patho-

physiological significance? Many studies have
shown, as we did, that NR5 was higher in
GORD patients with reflux oesophagitis than
in those without oesophagitis,17 23 24 29-33 and
also that NR5 increased with the oesophagitis
grade.32 34 NR5 is a marker of both oeso-
phageal acid clearance and the amount of acid
that refluxes, and was highly significantly
correlated with the total percentage of reflux
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time 7 24 29 (r=@090 in our study). Although the
percentage of total reflux time was highly signi-
ficant after monovariate analysis (Table II), it
was not identified as such by the multivariate
analysis, probably because this parameter,
unlike NR5, does not give information about
oesophageal acid clearance. This also suggests
that if acid exposure was an important factor
of oesophagitis, independent from oesophageal
acid clearance, the percentage of total reflux
time would have been identified by the
multivariate analysis. However, considering the
high correlation between the percentage of
total reflux time and NR5, we cannot exclude
that the multivariate analysis underestimated
the role of acid exposure. Using different
methods, it has been shown that oesophageal
acid clearance is impaired in reflux oeso-
phagitis and is considered an important
pathophysiological factor in reflux oeso-
phagitis.5 8 17 30 35-43 Therefore, our study,
using a multivariate approach, confirmed
that impairment of oesophageal acid clear-
ance is the main determinant of reflux oeso-
phagitis.
Recent data showed the role of hiatal hernia

in clearance impairment in patients with oeso-
phagitis.43-5 However, the presence of a hiatal
hernia, which was highly associated with reflux
oesophagitis according to our monovariate
analysis, was not identified as such in the
multivariate model. NR5 had a non-significant
tendency to be higher in patients with hiatal
hernia than in patients without hiatal hernia
and the only studied parameter reflecting
oesophageal acid clearance (amplitude of the
oesophageal waves measured 10 cm above
LOS) that differed significantly between the
two groups of GORD patients after mono-
variate analysis was not identified in the multi-
variate model. Therefore, our study does not
allow us to speculate on the mechanisms of
oesophageal acid clearance impairment in
patients with oesophagitis.
LOS is a major factor in gastro-oesophageal

competence which, in turn, is a major
determinant of reflux oesophagitis.l1 6 How-
ever, the pathophysiological significance of the
basal LOSP value remains uncertain. Indeed,
although it has been clearly determined that
very low basal LOSP values are implicated in
the pathophysiology of severe oesophagitis,
many GORD patients with moderate oeso-
phagitis have normal basal LOSP
values.'0 1 19 32 46 47 Most of the gastro-
oesophageal refluxes occur during transient
LOS relaxations in GORD patients.10 11 48
Furthermore, there is considerable overlap of
basal LOSP values of individual GORD
patients with and without oesophagitis and
normal controls. Our study showed that two
thirds of the patients had basal LOSP values
over 11 8 mm Hg (normal values). However,
oesophagitis risk was clearly increased when
basal LOSP values were below 18 mm Hg.
This effect was much more significant for
values below 1 1-8 mm Hg. Are these findings
a cause or a consequence of oeso-
phagitis?l 7 9 37 49 FThe results of our study do
not allow us to resolve this question.

PAO reflects the acid secretory status of the
patients. Although conflicting results have
been reported concerning the relation between
gastric acid secretion and reflux oeso-
phagitis,' 3 14 19 21 31 50 our multivariate model
showed that PAO was also an independent
factor associated with reflux oesophagitis.
When comparing GORD patients with and
without oesophagitis, PAO differed signifi-
cantly (Table IV). Furthermore, there was a
dose dependent increase in odds ratios as a
function of the PAO values (Table VII). How-
ever, the correlation between PAO and the
grade of oesophagitis was poor (r=0-28,
p<00 10) and PAO only tended towards signi-
ficance when patients were compared as a
function of their grade of oesophagitis
(p=0-061). Nevertheless, the percentage of
patients with very high PAO values increased
significantly with the grade of oesophagitis.
Many studies have shown, after monovariate
comparison, that PAO, maximal acid output,
and the percentage of patients with acid hyper-
secretion were not significantly higher in
GORD patients with oesophagitis compared
with those without oesophagitis.13 14 21 There-
fore, many authors do not think that the
composition of gastric juice in itself is a factor
contributing to oesophagitis in GORD
patients. However, many arguments suggest
that the level of gastric acid secretion, which is
a determinant of the composition of the
refluxate, influences oesophagitis risk. Firstly,
one of the most important arguments is the
efficacy of gastric acid antisecretory drugs,
which do not modify motility parameters, to
promote oesophagitis healing.37 51 Their effect
depends on the level of acid reduction.50 53
Secondly, in Zollinger-Ellison syndrome, a
chronic condition of acid hypersecretion,
reflux oesophagitis is very common,54 55 the
absence of significant abnormalities of oeso-
phageal motility and LOS clearly suggests that
the composition of the gastric juice in this
context is sufficient to provoke oesophagitis.56
That the PAO level was also identified as an
independent factor does not mean that patients
with oesophagitis are acid hypersecretors com-
pared with GORD patients without oeso-
phagitis; it merely indicates that, within an
individual, there is an independent increasing
risk of oesophagitis relative to the PAO value.
The mechanisms of increased PAO were not
studied, because the pertinent factors were not
assessed, in particular, Helicobacterpylori status.
To the best of our knowledge, studies on
gastric acid parameters and GORD related
motility parameters did not establish clear
relations between these parameters. 14 Our
study showed that PAO was not correlated with
NR5 - that is, oesophageal acid clearance and
basal LOS tone.

All possible oesophagitis risk factors were
not evaluated, especially oesophageal mucosal
resistance.'9 16 Oesophageal mucosal resis-
tance, combined with oesophageal clearance, is
probably one of the main factors of defence
limiting the toxicity of the refluxate. It
associates pre-epithelial, epithelial, and post-
epithelial mechanisms that currently are not
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well known.'5 16 To our knowledge, no simple
test evaluating oesophageal mucosal resistance,
suitable for clinical studies, is available, and the
respective part of oesophageal mucosal resis-
tance among all pathophysiological factors of
reflux oesophagitis has not been studied.
Although oesophageal mucosal resistance and
other possible oesophagitis risk factors, such as
transient LOS relaxations,'0 11 48 were not
evaluated, our multivariate model including
NR5, LOSP, and PAO was highly discriminant
because it correctly classified patients as having
oesophagitis or not, in 81 3% ofthe cases (95%
CI, 0-723, 0 903). This high discrimination
rate obtained with the multivariate model
suggests that these three independent para-
meters reflect the main pathophysiological
factors of reflux oesophagitis (grades 1 to 3).

In conclusion, this multivariate analysis con-
firms that reflux oesophagitis is multifactorial,
with impairment of oesophageal acid clearance
and basal LOSP. However, our study also
showed that the level of gastric acid secretion
was an independent parameter. These findings
are concordant with the current knowledge of
the pathophysiology of oesophagitis and need
to be tested on an independent population.
Furthermore, they also support the current
medical therapeutic strategies - that is, gastric
acid antisecretory drugs and prokinetic agents.
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