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Abstract:

The esophagus carries food from the mouth to the stomach. Continuous exposure to the
refluxed stomach acid on the esophageal lining causes a burning sensation in the chest or
throat known as heartburn. In this study an attempt has been made to investigate the evolution of the pH level over time. In this study we used the Linear Mixed Model to handling the
simulated longitudinal data. We built our model considering random intercept and random
slope with cubic trend of time reflected by the mean profile and variance structure. We found
that all the components of cubic trend of time (hour, hour2 and hour3) are significant at 5%
significance level. This also coincide the mean profile in exploratory data analysis, that is,
cubic evolution of the pH level over time exists. The study revealed that there is significant
evolution of the pH level over cubic time effect exists in the patients.
Keywords: Acid Reflux, Linear Mixed Model, simulation, pH level.
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Stomach emptying only starts when the

medium which is biologically useful in
allowing nutrients, oxygen and other biochemical components to be transported
from place to place. This water-based
medium can have either acid or alkaline
properties which are measured by a
graduated scale called pH (for "potential
hydrogen"), where in 1.0 to 6.9 is considered acidic, 7.0 is neutral, and 7.1 to
14.0 is alkaline. The lower the pH number, the greater the acidity, and the
higher the pH number, the greater the
alkalinity

(1)

. Gastro esophageal reflux

disease, commonly referred to as GERD,
or acid reflux, is defined as chronic

mixed to the gastric secretions, to be
transformed into an assimilable mash for
the intestine, called chyme. Stomach’s
emptying starts 15 to 60 mn after ingestion. It works very slowly, and it is not at
all like a “flushing effect”. Total emptying
lasts between 5 and 10 hours for a solid
meal, but more than half of the content
is evacuated around 3 hours after ingestion. This is not the initial volume of the
meal that induces the speed of the stomach emptying. Evolution of the gastric
emptying percentage according to the
time, after ingestion of a solid meal. Gastric emptying is a disorder in which the
stomach takes too long to empty its contents. Normally, the stomach contracts to

of

symptoms or mucosal damage produced

content has been sufficiently crushed and

D

The body is largely made up of water, a

SI

Introduction:

by the abnormal reflux of gastric con-

tents into the esophagus. Acid Reflux is a
condition in which the lower esophageal

ive

sphincter does not properly close and
acid from the stomach leaks back into

the esophagus. The esophagus carries

food from the mouth to the stomach.
exposure

to

the

ch

Continuous

refluxed

stomach acid on the esophageal lining
causes a burning sensation in the chest

Ar

or throat known as heartburn. Gastro
esophageal reflux disease should not be
mistaken with occasional heartburn. If
the heartburn occurs more than twice a
week, it may be GERD. This disease affects an estimated 5% - 7% of the global
population

(2)

. Dr. Allan Spreen states

that about 66 % of patients suffering
from heartburn, indigestion and reflux
have responded well to the use of frequent acidophilus powder which relieves
the pain without altering acid production
by the stomach (3).

move food down into the small intestine
for digestion. Food then moves slowly or
stops moving through the digestive tract.
Gastro esophageal reflux disease (GERD)
is one of the most common diseases of
the alimentary system of the Western
adult population. Indirect evidence has
been presented to indicate that the disease is affecting an expanding proportion
of the population

(4-8)

. Moreover, it seems

as if the disease is expressed in increasing numbers also in other parts of the
world as well, where traditionally very
few patients have been affected

(9-13)

.

During the last decades, it was noted
that GERD manifested itself in different
ways, with a dominant proportion of patients presenting without macroscopically
recognizable lesions at the time of diagnostic endoscopy. It is a challenging possibility, related to the many enigmas surrounding the disease, that an increasing
number of patients suffering from the
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disease will not have esophagitis and hy-

ultrasound has, for many years, been

pothetically will not even develop it, even

widely used to assess gastric emptying

though they report the same duration

rates

and intensity of symptoms. Despite these

emptying could be measured by Ultra-

many uncertainties, it is obvious that

sonography. Gastroesophageal reflux

GERD is a chronic disease that requires

disease (GERD) is usually diagnosed by

sustained and maintained therapy in or-

clinical history and endoscopy, and is

der to control the symptoms and thereby

treated empirically with a trial of medical

normalize patients' quality of life. Tradi-

management.

(18)

. In this kind of study gastric

tionally, chronic GERD patients were seldom seen by the general practitioner but

The Esophageal pH monitoring can be
done through the using the instrument

The objectives of the study are to inves-

of a Tube with a pH (anti-log of hydro-

tigate the evolution of the pH level over

gen ion concentration) electrode attached

time on the basis simulated data.

to its tip, which is then passed to 5 cm

SI

(4, 14-17)

D

.

rather by the gastroenterologist

above the upper margin of the lower
esophageal sphincter (LES). The electrode is attached to a data logger worn

Materials and Methods:

on a waist belt or shoulder strap. Every

of

The data set considered from a simulated longitudinal data, assuming 100

patients suffering from reflux problems.

ive

We assume that patients have been fol-

lowed during approximately two and half
hours after intake of a standardized

meal. Each time a reflux occurs, the pH

ch

level of the reflux is measured in the

esophagus in every half an hour, a burning sensation in the chest or throat, indi-

Ar

gestion criteria were used to diagnose an
episode of reflux. On the basis of literature

(1, 20)

, we simulated the pH level tak-

ing sample size 100 for 5 time points
(0.5 hour, 1 hour, 1.5 hour, 2 hour, 2.5
hours) and assume that pH level follows
Normal distribution with mean(variance)
: {4.5(3.2), 3.06(2.15), 3.18(2.9),
3.0(3.3), 3.5(4.8)} respectively. We
simulated data using R statistical package. Ultrasonography is non-invasive,
cheap, widely available, and can be repeatedly performed because of its safety
in this kind of study. Two- dimensional

instance of acid reflux as well as its duration and pH is recorded, indicating gastric
acid reflux.
We try to study the evolution of the pH
level over time on the basis of simulated
or generating data. Variables, to be used
in this study: pH: acidity (pH level) of the
reflux (the lower the pH, the more acidic
the reflux is), HOUR: point in time at
which the reflux occurs (hours).
We are dealing with longitudinal data
since for each subject the pH level was
measured at several different time points
and since this evolution of pH over time
is of primary interest. The aim of any
longitudinal analysis is to study how subject change over time, and what characteristics influence such changes. When
our interest is in describing the evolution
of each subject separately, or predicting
subject specific evolution, then in the
likelihood framework, one can use linear
mixed models to analyze continuous longitudinal data. The measurements on the
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same subject are not independent but
clustered within subjects. In our dataset,
we have therefore as many clusters as
there are subjects. For these reasons,
Linear Mixed Model rather than linear
regression model is preferable.
The general linear mixed model (19) is
given by:

Results:
This study based on 100 sample size (patients) suffering from reflux problems
and the acidity or the pH level of these
patients ranged from ~0 to ~8. We start
presenting the evolution of the pH level
for each patient suffering from reflux.
Figure 1 shows Individual profiles of pH

Yi = X i + Zi b i +

level. Individual profile show very dis-

i

similar evolution for all subjects. Here we
see that starting point of pH level of each

vector for subject i, Xi and Zi are (ni x p)

patient is different and we also observed

and (ni x q) dimensional matrices for the

that the pH level of different patients

fixed effects and the random effects re-

does not look the same over time. So we

represents fixed effects

that describe the average trend in the
population and b contains all subject-

SI

spectively. The

D

Where Yi is the ni-dimensional response

found that the above individual profile
suggest random intercept and random
slope.

Figure 2 below shows the mean profile of

a subject deviates from the average

pH level. The mean profile indicate that

trend. The model assumptions are given

the response is having a cubic trend. Fig-

as:

ure 3 below reflects the overall smoothed

bi ~ N (0, D )

ive

of

specific parameters which describes how

; D is (q x q) covariance

matrix with (i, j) elements dij = dji

~ N (0,
i

=

2

i

I ni

matrix

,

; here we can assume

is (ni x ni) covariance

b1 ,b2 .

Ar

1

)

ch

i

2,

. . .

N

and

. . ,

variance function of the OLS residual
over time. From the variance function, it
can be observed that in the beginning
variability

was

high

and

it

sharply

dropped and after one and half hour it
took an upward trend until the third
hour. If variance function shows constant

bN

variability over time, we assume stationare

arity and we do not include random ef-

independent.

fects other than intercepts

This model can be written as

ure indicate the variance is not constant

Yi | bi ~ N ( X i + Z i bi ,

Qi),

bi ~ N (0, D)

(19)

. This fig-

over time, we can assume non stationarity. It means that there is some remaining systematic structure in the residual

and it is called hierarchical models. To

profile. So we may use to select one or

apply linear mixed model in our simu-

more random effects additional to the

lated data, we used Procedure ‘mixed’ in

random intercept to build our model.

SAS program.

To describe how measurements within a
subject correlate, we plot a scatter matrix of residual (Res) OLS. In this simulation study, we assumed that the time is
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fixed. Res1, Res2, Res3, Res4, and Res5

ture to investigate the pattern or charac-

indicate the residual from 0.5, 1, 1.5, 2,

teristics of the data. We observed that

and

4

the initial pH level vary from individual to

shows a scatter plot matrix of residual

individual also their pH level change het-

and the correlation between time points.

erogeneously as well.

From Figure 5, we can see that correla-

Since the data were generated assuming

tion between different times points are

Normal distribution repeatedly over time

not very high. We have seen that the

at each subject, so this data set is longi-

correlation pattern of each residual is not

tudinal data set. Therefore the linear

well defined; therefore we may conclude

mixed model is preferable. After carrying

that our covariance is unstructured.

out exploratory data analysis we decided

2.5

hour

respectively.

Figure

to use random intercept and random
slope since our profiles were originating

components of cubic trend of time (hour,

from different pH levels and differing in

hour2 and hour3) are significant at 5%

time. Therefore we built our model con-

mean profile of Figure 3 that is cubic
evolution of pH level over time exists.

SI

significance level. This also coincide the

D

From the Table 1, we can see that all the

sidering random intercept and random
slope with cubic trend of time reflected
by the mean profile and variance struc-

of

ture.

Table 1: Parameter estimates for fixed effects
in cubic trend time
Estimate

Intercept

7.6567

Hour

-8.1584

Hour

2

-0.6993

P-value

0.8384

<.0001

2.1449

0.0002

1.5805

0.0065

0.3494

0.0481

Conclusion:
We found that there is significant evolution of the pH level over cubic time effect, exists of the patients on this simulated study.

Ar

ch

Hour3

4.3950

Standard Error

ive

Parameter

Discussion:

In this simulated data analysis we try to
investigate the evolution of the pH level
over time. First we carried out exploratory data analysis which include plot of
the individual profile, mean structure,
variance structure and correlation struc-
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Figure 1, Individual profiles of pH level over time.

Figure 2: Mean profile of pH level over time
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Figure 3: Variance profile of pH level over time.

Figure 4: Correlation structure of OLS residual over time
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