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Abstract

AIM: Recently, drinking load tests with water or nutritional
beverages have been proposed as diagnostic tools for
functional dyspepsia (FD), therefore we sought to reproduce
if these tests can discriminate between FD patients and
controls in a Mexican population.

METHODS: Twenty FD-Rome II patients were matched
by age and gender with 20 healthy controls. All underwent
both drinking tests at a 15 mL/min rate, randomly, 7 d
apart. Every 5 min within each test, four symptoms were
evaluated (satiety, bloating, nausea and pain) by Likert
scales. Maximum tolerated volume (MTV) was defined
as the ingested volume when a score of 5 was reached
for any symptom or when the test had to be stopped
because the patients could not tolerate more volume.
Sensitivity and specificity were analyzed.

RESULTS: FD patients had higher symptom scores for
both tests compared to controls (water: t = 4.1, P = 0.001
<0.01; Nutren®: t = 5.2, P = 0.001<0.01). The MTV for
water and Nutren® were significantly lower in FD (water:
1014±288 vs 1749±275 mL; t = 7.9, P = 0.001<0.01;
Nutren®: 652±168 vs 1278±286 mL; t = 6.7, P = 0.001
<0.01). With the volume tolerated by the controls, the
percentile 10 was determined as the lower limit for
tolerance. Sensitivity and specificity were 0.90, 0.95 for
water and 0.95, 0.95 for Nutren® tests.

CONCLUSION: A drinking test with water or a nutritional
beverage can discriminate between FD patients and
healthy subjects in Mexico, with high sensitivity and
specificity. These tests could be used as objective,
noninvasive, and safe diagnostic approaches for FD patients.
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INTRODUCTION

Functional dyspepsia (FD) is the second most common
functional gastrointestinal disorder, after  irritable bowel
syndrome[1]. This condition is characterized by chronic,
recurrent pain or discomfort in the upper abdomen in the
absence of any organic or structural disorder[2]. Its
prevalence ranges between 5% and 20% in the general
population worldwide[3-7]. The pathogenesis of this entity is
complex and it has been related to alterations in gastric
motility[8,9] visceral hypersensitivity[10,11] and psychological
factors[12]. A significant number of FD patients have a
diminished or absent gastric fundic accommodation and
this is related with satiety and weight loss[6,7,13]. Also, about
40% of patients with FD have hypersensitivity to mechanical
distention that may cause pain, abdominal discomfort, bloating
and satiety[14]. Methods to evaluate gastric accommodation
and hypersensitivity such as a barostat[15] are invasive,
expensive and not readily available, as well as imaging studies
to evaluate accommodation such as ultrasound[16,17], SPECT
imaging[18] and nuclear medicine studies which also require
expertise[19,20]. Yet, the diagnosis of  FD is based on symptoms
and “lack of  organic disease”, including a normal upper
endoscopy. Therefore the absence of an objective finding
increases uncertainty in these patients[21]. Recently, a rapid
liquid drinking test with water or a nutritional beverage
(Nutridrink) have been used to discriminate FD patients
from normal subjects and to identify the presence of
hypersensitivity and diminished gastric accommodation[18,22].
These tests can be performed in a short period of  time, are
of low cost and have no adverse effects. Therefore we sought
to reproduce the clinical usefulness of the drinking tests
with water and a nutritional beverage to discriminate FD
patients from healthy controls and to investigate their
sensitivity and specificity.

MATERIALS AND METHODS

Patients
In a prospective controlled study, 20 consecutive patients



with FD fulfilling the Rome II[2] diagnostic criteria (pain or
abdominal discomfort centered in the upper abdomen, at
least for 12 wk, not necessarily consecutive, in the last
12 mo, with a normal upper gastrointestinal endoscopic
examination and absence of any other systemic disease),
who consulted a Functional Bowel Disorders and Motility
Clinic were included. Upper endoscopies were performed
within 3 mo prior to the study. The patients suspended all
antisecretory medications including H2 blockers and proton
pump inhibitors, antacids, prokinetics or visceral analgesics,
1 wk prior to the protocol. All patients signed an informed
consent and the protocol was approved by the Institutional
Committee for Human Research.

Controls
Patients were matched by gender and age (±5 years) with
20 healthy volunteers (controls), recruited from advertisement,
without any digestive symptoms and not fulfilling the Rome
II criteria for FD, nor any past history of systemic diseases,
gastrointestinal surgeries, erosions or ulcers seen on previous
upper endoscopic examination or any other imaging study,
and who were not taking any medications.

Methods
Drinking tests with water and a nutritional beverage: After
an overnight fast of 8 h, patients arrived at the Motility
Unit of the Instituto Nacional de Ciencias Medicas y Nutricion,
Salvador Zubiran of Mexico City, an academic referral
center. They were randomized to begin either with water or
the nutritional beverage (Nutren®, Nestle; 1.5 kcal/mL,
51% carbohydrates, 33% lipids, and 16% proteins). Water
and Nutren® were ingested at a predetermined rate of
15 mL/min as reported elsewhere[15]. Every 5 min within
each drinking test symptoms such as satiety, bloating, nausea
and epigastric pain were evaluated by using Likert scales
from 0 to 5: 0 = without sensation, 1 = very mild, 2 = mild,
3 = moderate, 4 = severe and 5 = very severe. When a
score of 5 was reached for any of the symptoms, or when
the subjects could not tolerate any more volume, the tests
were stopped and the total ingested volume (mL) was
recorded. The maximum tolerated volume (MTV) was
defined as the total ingested volume, after the test was
stopped. All subjects were asked to score the same symptoms,
1 and 2 h after the tests were completed. Sensitivity and
specificity for the drinking tests to discriminate FD from
healthy controls were analyzed, considering the Rome II
criteria for FD (symptom criteria and a normal endoscopy)
as the gold standard for FD diagnosis.

Statistical analysis
The ratings within each 5 min during the test and at the two
follow-up periods were analyzed. For each symptom, a score
was obtained by the summation of all the ratings within
each test divided by the time in minutes of the length of
the drinking test and multiplied by 100 (to correct for those
who drank longer and had more scores to add up). A total
score was obtained by adding all the individual symptom
scores. Also, the ratings for each symptom at the follow-up
periods were added to obtain the 1 and 2 h scores for water
and Nutren®.

Frequencies were expressed in percentages and compared
by using Fisher exact test. Symptoms scores and volumes
were expressed as mean±SD for each group (FD patients
and controls) and comparisons were done by using the t test.
A P ≤ 0.05 was considered statistically significant. The
Pearson (r) test was used to establish correlations of the
MTV between both drinking tests. The SPSS version 10.0
for Windows was used for the data analysis.

RESULTS

Table 1 depicts age, gender and body mass index (BMI)
characteristics of FD patients and controls.  There was no
statistical difference between the two groups in relation to
the BMI.

Table 1  Baseline characteristics

      FD patients (n = 20)                 Controls (n = 20)  P

Age (yr) 34±15 31±9 NS

Gender (M/F)   4/16 4/16 NS

BMI (kg/m2) 23±2.8 23±2.3 NS

BMI: body mass index.

Symptoms
During both tests, the most frequent symptoms reported
by FD patients and controls were bloating and satiety. The
frequency of symptoms reported during the water test was
(FD patients and controls, %): satiety 100 and 65 (2 = 5.5,
P = 0.02<0.05), bloating 90 and 55 (2 = 4.5, P = 0.03
<0.05), nausea 65 and 25 (2 = 4.9, P = 0.02<0.05), and
epigastric pain 45 and 15 (2 = 2.9, P = 0.08, NS). Similarly,
the frequency of symptoms for the Nutren® test was:
satiety 100 and 90 (2 = 0.35, P = 0.5, NS), bloating 100
and 70 (2 = 4.2, P = 0.03<0.05), nausea 75 and 25 (2 = 8.1,
P = 0.004 <0.01), and epigastric pain 55 and 15 (2 = 5.3,
P = 0.02<0.05).

FD patients had significantly higher scores for satiety,
bloating and pain in the water test, and also significantly
higher scores for satiety, bloating, nausea and pain in the
Nutren® test (Tables 2 and 3).

Table 2  Symptom scores for the water test

                 Bloating      Nausea            Satiety     Pain         Total

FD patients         31.1±16.9       17.8±22.5        41.5±20.5        26.1±27       90.4±11.8

Controls                  6.8±7.7            7.5±5.2           12.5±11.1          2.0±2.8      28.8±3.7

P                  <0.001           NS                <0.001     <0.001        <0.001

Note: symptoms are shown as mean ± SD.

Table 3  Symptom scores for the Nutren® test

               Bloating      Nausea             Satiety       Pain            Total

FD patients          51.5±18.8   45.5±23.4        76.9±47.1 13.2±14.7    186.7±26.1

Controls               19.4±7.4   15.3±8.6           25.2±9.2    4.2±2.9        64.1±8.9

P                 <0.001      <0.001             <0.001       <0.01          <0.001

Note: symptoms are shown as mean ± SD.
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At the 1 h follow-up evaluation for the water test, the
symptom scores reported by the FD patients were higher
than those reported by controls (9.1±3.2 vs 2.9 ± 1.5, t = 5.6,
P = 0.001<0.01). At the 2 h follow-up evaluation, FD patients
reported a symptom score of 4.5±4.2, while none of the
controls reported any symptoms (t = 4.9, P = 0.001<0.01).
For the Nutren® test, FD patients had significantly
higher scores than controls at the 1 and 2 h follow-ups
(1 h: 14.3±2.5 vs 2.3±0.58, t = 3.1, P = 0.001<0.01; 2 h:
5.9±1.9 vs 1.4±0.84, t = 2.7, P = 0.01<0.05).

Maximum tolerated volume (MTV)
There were no statistically significant differences in the MTV
according to gender both for water (males: 1587±466 mL
vs females: 1 380±472 mL) and the Nutren® test (males:
1 125±577 mL vs females: 935±352 mL).

The MTV for water and Nutren® was significantly lower
in FD patients (water: 1 014±288 vs 1 749±275 mL; t = 7.9,
P = 0.001<0.01; Nutren®: 652±168 vs 1 278±286 mL;
t = 6.7, P = 0.001<0.01; Figure 1). With the volume tolerated
by healthy controls, we determined the percentile 10 as the
lower limit of  the normal range for drinking tolerance. That
is ≥1 200 mL for females and ≥1 400 mL for males in
the water test, and ≥900 mL for females and ≥1 200 mL
for males in the Nutren®.

Considering these limits, 18 out of 20 patients with FD
had abnormal results (lower tolerated volume) for the water
test compared to only one control, and 19 FD patients had
lower tolerated volumes in the Nutren® test compared to
one of the healthy controls. The sensitivity and specificity
of the drinking test with water was 0.90 (CI 95% 0.69-0.97)
and 0.95 (CI 95% 0.76-0.99), respectively. For the Nutren®
test, sensitivity and specificity was 0.95 (CI 95% 0.76-0.99),
and 0.95 (CI 95% 0.76-0.99), respectively.

Correlation between both drinking tests
There was a significant correlation in the MTV between
the water and the Nutren® tests (r = 0.78, P = 0.001<0.01;
Figure 2).

DISCUSSION

In the current study we evaluated two drinking load tests
[water and a nutritional beverage (Nutren®)] in Mexican
patients with FD and healthy controls, and we have shown

that more than 85% of the patients have a decreased
tolerance for drinking capacity. In addition, we found that
both tests induced dyspeptic symptoms such as bloating,
nausea, satiety and epigastric pain more frequently in patients
than in controls, and the first ones reported the symptoms
earlier and with lower ingested volumes. Also, when
compared to the Rome II criteria (symptom criteria and
negative upper endoscopy) as the gold standard for diagnosing
FD, the sensitivity and specificity for the water and Nutren®
drinking tests have shown that both are useful tools to
discriminate patients from healthy subjects. These results
reproduced the data reported by other groups. In an Italian
study using a water load test, the maximum tolerated volume
was significantly lower in FD patients than controls and
scores for satiety, pain, nausea, fullness and bloating were
higher for the latter ones[19]. Another study found that a
caloric drinking test distinguished FD patients with or
without early satiety[23]. Using mineral water at a rate of
100 mL/min in a Nordic population, maximal water intake
was significantly lower in FD patients than healthy controls[22].

Several possibilities can explain the above findings. Using
transabdominal ultrasound, Gilja et al[16], reported that in
response to a soup meal, FD patients had smaller sizes and
higher emptying fractions of the proximal stomach and they
reported more symptoms than controls. Tack et al [15],
reported that this impaired gastric accommodation to a meal
was found in 40% of patients with FD and was associated
with symptoms of early satiety in a multivariate analysis.
Previously, Boeckxstaens et al[23], reported that FD patients
had a lower drinking capacity for both water and a caloric
liquid, compared to healthy volunteers or patients with mild
dyspeptic symptoms, and that FD patients developed
significantly more symptoms than the healthy volunteers
after both tests. In contrast to our findings, they also reported
that compared to women, men consumed significantly more
water and Nutridrink®, a nutritional beverage with the same
composition as the Nutren® used in our study. Finally, in
their study, drinking capacity did not predict impaired fundic
accommodation or visceral hypersensitivity.

The speed of liquid ingestion in the oral load tests is
controversial and may explain the differences among the
studies. Boeckxstaens et al[23], tested water and Nutridrink®
at a fast ingestion rate of 100 mL/min, and showed a
diminished tolerance for liquid ingestion only in 50% of FD
patients. In a more recent study, Tack et al[11], showed that a

Figure 1  Maximum tolerated volumes of water and Nutren® in healthy controls
and FD patients. FD: Functional Dyspepsia.

Figure 2  Correlation of maximum tolerated volume (MTV) between water and
Nutren® tests in FD patients (●) and healthy controls ( ).
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liquid ingestion of a caloric drink at a speed of 15 mL/min
induced symptoms of satiety in FD patients, and a significant
correlation existed between the amount of calories ingested
during the satiety testing and the amplitude of the gastric
accommodation. The same group of researchers found that
the gastric accommodation is a slow-onset reflex presenting
in a gradual manner and reaching its maximal relaxation 15
min after ingestion of a meal[14].

The duration of the rapid drinking test is clearly lower
than the time required for full development of the
accommodation reflex[24].

Based on the above data, in the current study we used
the predetermined speed of  liquid ingestion of  15 mL/min.
The maximum ingested volume of a nutritional drink
depends on the balance between mechanisms that increase
the gastric volume (fundic relaxation) and the negative
feedback that slows gastric emptying and induces symptoms
after a meal. In the absence of nutrients, other mechanisms
that limit liquid ingestion in FD patients should be
considered. The gastric and duodenal distention may trigger
vaso-vagal reflexes that result in proximal gastric relaxation
and induction of satiety and fullness[25-27]. The vaso-vagal
reflexes could also be activated during a test with water. In
our study, the finding of a greater tolerance of water volume
ingestion than that of a nutritional drink by healthy
volunteers suggests that the feedback mechanisms induced
by nutrients are activated before the reflexes are induced
by distention[28-30]. Interestingly, our patients with FD had
similarly low water and nutritional beverage tolerated
volumes, suggesting a decreased threshold for the activation
for both  reflexes[31,32].

The gastric accommodation disturbances[11,33,34] and
proximal gastric mechanical distention hypersensitivity[35,36]

are recognized as the most important pathogenic mechanisms
in FD. The gastric barostat test is considered the “gold standard”
for the evaluation of the proximal gastric accommodation
in response to a meal; however, this is an invasive, time-
consuming, and not readily available test. There is a need
of less expensive, non-invasive and highly available
diagnostic tests for FD that can provide an objective diagnosis
to the patients. Whether an abnormal fundic relaxation in
response to a meal, an abnormal distribution of  the gastric
contents, or gastric hypersensitivity are the causes of dyspeptic
symptoms in response to a drinking load test, is unknown.
Furthermore, hypersensitivity in functional dyspepsia is
associated with abnormal gastric accommodation[18-22] and
hyperalgesia, and cofactors of this hypersensitivity are
likely to be wall tension and the function of visceral
afferents[10,32,35]. The high percentage of FD patients with
impaired drinking capacity in our study, supports a
multifactorial component in symptoms generation, and
together with the high sensitivity and specificity, for
discriminating FD from healthy controls by using the Rome
II criteria, including  symptoms and a negative endoscopy
as the gold standard for diagnosis, provides a simple test
for patients with a disease where the absence of an objective
diagnosis, creates anxiety and a continuous search for an
answer.

In Mexico, functional gastrointestinal disorders are the
main reason for consulting a gastroenterologist, with FD

being the second most frequent disorder following IBS[4].
Lydeard and Jones have reported that FD patients seeking
health care are more preoccupied that their symptoms might
be related to cancer compared to those who do not consult[37].
Effective well-founded reassurance that no serious disease
is present is an important outcome of  medical intervention,
but patients consider that medical explanations are not
sufficient to clarify the nature of their condition and negative
results of paraclinical investigations may be taken as “bad
news” driving patients to keep consulting in search of an
objective diagnosis. Anxiety has been found to be an
independent factor associated with health-care seeking in
FD[38]. Other psychosocial factors including abnormal
illness attitudes and beliefs have been found to characterize
those patients who seek help versus those that do not[39].
Furthermore, physicians also lack confidence in their
functional diagnosis. In a British study, clinicians reported
confidence in 63-91% of their organic diagnosis compared
to only 48% of FD diagnosis[40]. This difference was related
to the possibility of  an objective confirmation of  organic
disease by using paraclinical investigations. The absence of
confidence in functional diagnosis may drive clinicians to
order more investigations that may increase the anxiety and
the fear of a more serious disorder in functional patients.
Therefore, a drinking loading test may be a potential tool
for an objective diagnosis in patients consulting for FD.

Both drinking tests caused more symptoms in patients
with FD than in healthy controls. In the future, it would be
useful to find which test (water or nutritional beverage) has
a more diagnostic importance. Meanwhile, we considered
that both are easy to perform, available, safe, non-invasive
and useful to discriminate FD patients from healthy
volunteers. Furthermore, these tests could be used in future
studies to evaluate the effect of new treatments in the
management of postprandial symptoms in patients with FD.

In conclusion, a drinking load test with water or a
nutritional beverage at a slow drinking rate of 15 mL/min,
can discriminate FD patients from controls in a simple,
non-invasive, safe and available manner. Our findings in a
group of Mexican patients with FD, are in accordance with
previously reported studies. The gastric distention produced
by the volume of water or nutritional beverage reproduces
the symptoms of  FD and suggests a multifactorial origin
for symptom generation, including impairment in gastric
sensitivity and proximal accommodation. The current data
supports the potential usefulness of liquid loading tests to
provide FD patients with an objective diagnosis in a disease
with otherwise no objective diagnostic data rather than
clinical criteria, and with a potential use in the evaluation of
future treatments.
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