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Abstract
Background: Gastroesophageal reflux disease (GERD) occurs when stomach acid frequently
backs up (or refluxes) into the gullet (or esophagus), and it has serious consequences for the quality
of life. Usually this is felt as heartburn. Because severely mentally retarded people usually do not
utter complaints of heartburn, it requires a high index of suspicion to discover possible GERD.
Therefore it is relevant for care professionals such as nurses to have knowledge of those with a
higher risk of GERD and of the possible manifestations of GERD.

Methods: Using a predefined search method, electronic databases were searched for studies
relating the presence of symptoms to the presence of GERD. Relevant data were extracted and
the methodological quality of the studies assessed. The results of the included studies were
synthesized and conclusions about the level of evidence were drawn.

Results: Nineteen studies were found relating symptoms to the presence of GERD. Only four
were of good methodological quality. The studies were very diverse concerning the studied
population, the study method, and the kind of symptoms examined. This makes it difficult to
synthesize the results of the studies. There is evidence that patients with cerebral palsy, patients
using anticonvulsive drugs, and those with an IQ lower than 35 more frequently have GERD. There
is also evidence that vomiting, rumination and hematemesis are associated with a higher risk of the
presence of GERD, whereas there is no clear scientific evidence that particular behavior symptoms
are indicative for GERD.

Conclusion: The possible manifestations of GERD are many and varied. A guideline will be made
for care professionals to aid systematic observation of possible manifestations of GERD.

Background
Gastroesophageal reflux disease (GERD) is a very com-
mon condition in severely mentally retarded people, with
approximately half of the institutionalized population

having GERD [1]. GERD occurs when stomach acid fre-
quently backs up (or refluxes) into the gullet (or esopha-
gus). Usually this is felt as heartburn. The consequences of
this abnormal acid exposure, if untreated, are serious. It
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not only reduces the quality of life [2], but can also have
serious medical consequences such as inflammation of
the inner lining of the gullet (esophagitis), recurrent
pneumonia, bronchitis and cancer [3,4]. Therefore it is
important that care professionals are sensitive to signals
indicative of GERD.

In the general population heartburn is the predominant
symptom of GERD[5]. Patients are treated by their physi-
cians to relieve heartburn. There is already a lot of knowl-
edge about the treatment of GERD (the Cochrane Library
contains twelve reviews on (aspects of) GERD). Several
guidelines for physicians exist for appropriate diagnosis
and treatment of GERD in the general population (e.g.
from the American College of Gastroenterology [6]). The
symptoms mentioned in these guidelines do not usually
apply to severely mentally retarded people. For example,
they do not utter the usual complaints such as heartburn.
Three quarters of those having abnormal concentrations
of acid in the gullet (diagnosed by so-called PH measure-
ments), suffered chronic inflammation of the inner lining
of the gullet (esophagitis), but did not complain about it
[7]. This makes it difficult to detect chronic reflux of acid
gastric contents and to assess the effectiveness of a treat-
ment.

Therefore it is important that people offering daily care to
mentally retarded people are sensitive to predisposing fac-
tors and symptoms of GERD (other than heartburn).
These care professionals may provide the physician with
valuable information about the behavior of the mentally
retarded person. The aim of this review is to find scientific
evidence of signals other than heartburn, that can be
observed by care professionals (e.g. nurses, therapists)
and that imply an increased chance of the presence of
GERD. These signals will become the subject of a guide-
line for care professionals on symptoms and risk factors of
GERD. This new guideline will be an extension of an
already existing guideline in the Netherlands for physi-
cians working with severely mentally retarded persons [8].
The combination of both guidelines will contribute to a
broad multidisciplinary approach to the diagnosis and
treatment of GERD in severely mentally retarded people.

Objectives
Because we did not find a systematic review of studies
investigating symptoms of GERD in the population of
severely mentally retarded people, we conducted a sys-
tematic review to establish the extent to which persons
giving daily care to severely mentally retarded people can
observe whether that person has a higher risk of having
GERD. If there are particular characteristics related to
GERD it is important that care professionals know them
and can communicate their observations to the physician.

Research questions are:

1. What symptoms are found to be indicative for GERD in
severely mentally retarded people?

2. Is there scientific evidence that severely mentally
retarded people with GERD behave differently from
severely mentally retarded people without GERD?

3. What are found to be predisposing factors of GERD in
severely mentally retarded people?

Methods
Selection criteria for considering studies for this review
Table 1 shows the criteria for considering studies for this
systematic review.

Search strategy
We searched Medline/Pubmed, the Cochrane Database of
Systematic Reviews, CINAHL, DARE, Psychinfo, and
Embase (date of extraction 27-01-2006). Research terms
while searching Medline/Pubmed were (this procedure
was adapted to the other databases):

"mentally handicapped" or "mental disability" or
"intellectual disability" or "mentally disabled" or
"mental retardation" or "intellectually disabled" or
"mentally retarded" or "developmental disability" or
"neurologically impaired" or "neurologically disa-
bled" or "neurological disability"

and

Table 1: Selection criteria for including studies

Types of studies:
- empirical studies with a minimal sample size of five subjects
- published from 1990 on.

Types of participants:
- subjects are mentally retarded or have a neurological disorder1;
- subjects are at least two years of age.

Types of symptoms:
- all types of observable symptoms that are related to the results of a valid reference test for diagnosing GERD, such as PH-measurement, 
gastrointestinal endoscopy, radiologic method for the detection of gastroesophageal reflux.

1 People with a serious neurological impairment such as cerebral palsy are often mentally retarded.
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"gastroesophageal reflux" or GERD or GORD or
esophagitis or regurgitate or regurgitation

and

Limits: year of publication: > = 1990

After correction for references found in more than one
database, this resulted in 442 titles. We also hand-
searched reference lists from (apparently) relevant publi-
cations to identify further relevant literature. In addition,
some experts gave us a list of references. This finally
resulted in 477 potentially relevant references.

Subsequently, titles and abstracts were studied independ-
ently by two researchers. All studies that clearly did not
meet one of the inclusion criteria were excluded from the
review by the first reviewer (AdV). The second reviewer
(JB) controlled titles and abstracts of the excluded studies
and when she had any doubt about the relevance of the
study she reincluded the study. If the studies appeared to
meet the inclusion criteria or there was any doubt, the full
text was obtained. This resulted in 143 references of which
the full text was studied. The two reviewers independently
checked if the studies satisfied all criteria in Table 1. Disa-
greements regarding inclusion status were resolved by dis-
cussion. This resulted in 19 publications.

Analysis of the studies
Subsequently, the two reviewers independently analyzed
the methodological characteristics and results of the stud-
ies, using the protocol as described below. In the case of
different judgments, the reviewers discussed the results in
order to reach consensus.

The protocol for data analysis and extraction included the
following items:

1. description of the subjects

- number of subjects

- age of the subjects

- severity of the mental retardation

- other diagnoses

- home setting

- intake of food

2. type of symptoms investigated

3. reference test used (PH measurement, gastrointestinal
endoscopy, radiologic method)

4. study design

- method of recruiting the subjects (including whether the
presence of GERD or GERD symptoms was a criterion for
inclusion);

- method of data-collection

5. results of the study and conclusion according to the
authors

Assessment of the level of evidence
The methodological quality of the selected empirical stud-
ies was analyzed by the two reviewers (AdV and JB) inde-
pendently, using a protocol derived from the protocols of
the Dutch Cochrane Centre (form I for diagnostic tests).
The protocol for rating the quality of the study contained
six items for internal validity and two items for external
validity. All items were scored as yes, no, or unclear. The
two reviewers independently rated the items reflecting the
quality of the study and agreed on 78%. If they judged dif-
ferently they discussed the item until they agreed. If no
agreement was reached a third person (AF) was asked for
advice (1 item).

Information about five items was not usually found in the
publication. Judgment of the validity of the study based
on these items was therefore inadequate. Three other
items could be answered in the majority of studies, and
these items were used to assess the validity of the study.
Two items concerning sample size and the uniformity of
the procedure to diagnose GERD within one study were
added to judge the overall methodological quality of the
study. Each item corresponds with 1 quality point. The
total number of quality points reflects the judgment of the
methodological quality and can vary from 0 to 5 (all qual-
ity items were positive).

The items used to judge the methodological quality are:

a. Sample size. Studies with a relatively high number of
subjects, i.e. at least the median number of subjects,
received an extra quality point.

b. Uniformity of the diagnostic procedure. The sensitivity
of diagnostic tests differs. If subjects within one study are
diagnosed as GERD- (or non GERD) patients using several
diagnostic tools, the reliability of the data may decline.
Therefore studies using the same diagnostic procedure for
all subjects received 1 point.
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c. The (in)dependence of the decision-making procedure
with regard to performing a reference test or verification
bias. If both the assessment of symptoms and the refer-
ence test are not applied to all subjects, verification bias
may influence the results. For example, when subjects
without symptoms are considered not to have GERD. Or
when only subjects with symptoms of GERD such as vom-
iting are tested with a reference test, because of ethical
considerations (i.e. the reference test is considered to be
too invasive [9]). When the reference test is not applied to
all subjects, the sensitivity of the symptom will be higher,
whereas the specificity will be lower (no verification bias
= 1 point).

d. Procedure of including subjects in the study or selection
bias. If the subjects do not constitute a random sample of
the population, selection bias may be present when sub-
jects are selected on certain symptoms (e.g. those who are
suspected of being possible GERD patients have a greater
chance of being included). Such selection bias means that
the sensitivity is likely to be overestimated (no selection
bias = 1 point).

e. The resemblance between the subjects in the study and
the indicated population (i.e. subjects of at least two years
of age and with IQ < 50) or spectrum bias. If the sensitivity
is determined in a group representing a higher risk popu-
lation, sensitivity will be overestimated. Spectrum bias is
an aspect of the external validity of the study (no spectrum
bias = 1 point).

The two reviewers reached 100% agreement on the total
number of quality points for each study.

Data extraction
In most studies the symptoms that are studied are availa-
ble as a dichotomy, e.g. the subject vomits daily or not.
Therefore if there were sufficient data, 2 (GERD group or
control group) × 2 (absence or presence of the character-
istic) tables were constructed. Such consistent presenta-
tion of the results of each study permits better comparison
of the studies.

When we are faced with an individual and need to deter-
mine the likelihood that that person has GERD, we are
interested in the predictive value of symptoms. Predictive
values, however, will vary with the prevalence of GERD in
the research group. In the selected studies, different
research groups were studied. Prevalence of GERD in the
research group varied from 7% [10] to 78% [11]. Because
of this, broad range sensitivity or false positive percentage
were calculated (predictive values were only mentioned if
sensitivity and false positive percentage could not be cal-
culated). Sensitivity of a characteristic is the percentage of
all subjects with GERD, diagnosed with the gold standard

test, who indeed have that characteristic. In other words:
the probability that a characteristic is present in a GERD
patient. The false positive percentage is the percentage of
all subjects without GERD who have that characteristic
(false positive is 100% specificity). Fisher exact tests were
used to evaluate the power of the characteristic to discrim-
inate between GERD and non GERD subjects (p < .05).

Data synthesis
In order to decide on the strength of the evidence that a
characteristic predicts the presence of GERD, the studies
were added as follows.

1. For each characteristic we calculated the difference
between A and B, where:

- A = the sum of the quality points of the studies finding a
statistically significant relationship between the presence
of GERD and the characteristic;

- B = the sum of the quality points of the studies not find-
ing a statistically significant relationship between the
presence of GERD and the characteristic.

By using the quality points as a weight, studies of higher
quality have more impact on the results.

We interpreted the difference as:

- A-B > = 3: there is evidence that the characteristic is
related to GERD;

- A-B =< -3: there is evidence that no relation exists
between the characteristic and GERD;

- -3<A-B<3: the results are contradictory.

If a characteristic was only investigated in one study and
this study was of low quality (i.e. 0, 1 or 2 quality points),
the characteristic will not be mentioned in the results.

2. A qualification of the evidence was given:

Level A. There is at least one highest quality study (5 qual-
ity points), or two independent studies with 4 quality
points;

Level B. There are at least two independent studies with 3
quality points, or one study with 4 quality points;

Level C. The studies that do not meet levels A and B.

This synthesis takes into account the outcomes and meth-
odological quality of the studies.
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Results
Data-extraction and quality assessment
Table 2 contains an overview of the main methodological
characteristics of the nineteen included studies. This para-
graph describes the setting and data collection, the
research group, the reference tests and the way the results
may be biased.

Setting and data collection
First we considered how subjects were selected for the
study. In eleven studies subjects are not selected on
(symptoms of) GERD. In two of these studies, however,
the recruitment procedure is not explicitly mentioned in
the article and it is therefore not certain whether subjects
are not selected on (symptoms of) GERD (see table 2). In
the study of Gustafsson et al. [11] the setting is an outpa-
tient clinic and it is not clear why the subjects included
visited the clinic. The subjects of the study of Luzzani et al.
[12] all had Cornelia de Lange Syndrome but the setting
was not clear. The other eight studies included subjects
suspected of being GERD patients because of eating prob-
lems [13], regurgitation [14], UGI-tract bleeding [15], a
range of GERD symptoms [16,17] or already diagnosed as
having GERD [18-20].

The data collection methods most often mentioned con-
cerned a retrospective review of (medical) records (11
studies), a questionnaire or interview (8 studies) and ref-
erence tests for diagnosing GERD (10 studies). In two
studies on the relationship between GERD and erosion of
teeth, an inspection of the teeth was conducted for the
purpose of the study [21,22].

Research groups
The number of subjects in each study varies between 19
[16] and 1,687 [10]. The median number of subjects is 63.
All but four studies [20,23-25] distinguish a GERD and a
non GERD group, allowing a comparison of the symp-
toms of the GERD and the non GERD groups.

In twelve studies the research group only includes chil-
dren, and two studies only include adults. In the other five
studies both children and adults participate.

In the studies of Böhmer et al. [10,15,17,21], Orchard et
al. [15] and Van Winckel [9] only people with severe men-
tal retardation are included. Böhmer et al. [7,10,17,21]
include mentally retarded people with IQ < 50. This
research group most closely resembles the population of
the present systematic review study. Orchard et al. [15]
includes mentally retarded adults, most (87%) with IQ <
35/40. However, only when they were admitted to hospi-
tal for UGI bleeding was this registered. Van Winckel [9]
includes children with IQ < 30 having severe motor disor-
ders. The study of Luzzani et al. [12] only includes chil-

dren with Cornelia de Lange Syndrome. These children
usually have moderate to severe mental retardation, but
may also have only mild mental retardation. The other
studies do not explicitly include mentally retarded people.
They are included in this review because (part of) the
research group has a neurological disorder. In these stud-
ies information about the level of mental retardation of
the research groups is often not provided (see table 2).

Reference test
In eleven studies the reference test is a pH test. In some
studies, most often if the data were only retrospectively
gathered by examining the records of patients, there was
no uniform way of diagnosing GERD (e.g. Martinez [18]).
In these cases contrast studies are more common. Five
studies, in which the diagnoses were retrospectively
retrieved from the (medical) records, had very diverse ref-
erence tests [13,18,23-25]. The test used is likely to influ-
ence the results. A less sensitive reference test to diagnose
GERD reduces the number of GERD patients and as a
result overestimates the sensitivity and underestimates the
specificity of a symptom.

Verification bias
Verification bias might be present when reference testing
is conducted only selectively, because the reference test is
considered too expensive or too invasive. Also in retro-
spective studies this might be the case because generally
not all subjects were tested for GERD. Only in subjects
where GERD was suspected might a test have been done.
In eleven studies all subjects were tested with a reference
test (table 3). In the other eight studies not all subjects
were tested, which may have led to an overestimation of
the sensitivity of symptoms.

Selection bias
The recruitment procedure should be such that all subjects
in the population of interest have an equal chance of par-
ticipating in the research. In six studies selection bias is
possible because the method of enrolling people for the
study is not clear. In thirteen studies there was probably
no (severe) selection bias because subjects were randomly
selected [7,21] or because all subjects in the population
were included.

Sometimes selection bias might still be present because
parents did not give permission to participate or reference
tests were not conducted. For example, in the study of
Böhmer et al. [7] 15% of the parents gave no permission
for pH-monitoring and 11% of the pH tests failed. Also in
the study of Van Winckel [9] 16 of the 69 children (23%)
were not properly tested or not tested at all because par-
ents gave no permission.
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Table 2: Char

First author + d
quality points

Reference test Verification 
bias possible?

Selection 
bias possible?

Spectrum 
bias possible?

Böhmer et al. [2
Inspection of te
q.p. = 5

24 hour pH test No No No

Böhmer et al. [1
Review of recor
q.p. = 4

Endoscopy Yes No No

Böhmer et al. [1
Questionnaire +
q.p. = 3

24 hour pH test No Yes Yes

Böhmer et al. [7
Questionnaire +
q.p. = 5

24 hour pH test No No No

Cameron et al. 
Review of recor
q.p. = 2

Pretest: UGI-studies, pH 
test, or esophageal 
biopsy
Post test: ?

Yes No Yes

Field et al. [13]
Review of recor
q.p. = 2

Diverse: in most cases 
endoscopy, pH test and/
or radiographic studies

Yes No Yes

Gustafsson et a
Review of recor
q.p. = 3

 

24 hours pH test No No Yes

Halpern et al. [1
Review of recor
parents
q.p. = 4

18–24 hours pH test No No Yes

Heine et al. [24
Questionnaire +
q.p. = 2

Pretest: 24 hours pH 
test + esophageal biopsy
Post test: Probably 24 
hours pH test + 
endoscopy

No No Yes
acteristics of included studies (n = 19)

ata collection method+ Setting Characteristics research group (number, age, sex, impairment)

1]
eth + reference test

Random selection of residents with IQ < 50 
of 3 institutes for mentally retarded people

GERD group: 28
Control group: 35 (tested negative for GER)
Mean age 22.8 years.
48% males, 52% females 
IQ < 50

0]
d

All residents with IQ < 50 of 5 institutes for 
mentally retarded people

GERD group: 107
Control group: 1,580 (1,518 subjects not tested for GER and 62 
subjects tested negative for GER)
Mean age 35.3 years (range 2–92 years).
61% males, 39% females
IQ < 50

7]
 reference test

Residents of 1 institute for mentally 
retarded people with IQ < 50 and with 
symptoms of GER

GERD group: 57
Control group: 46 (tested negative for GER)
Mean age 38.4 years (range 4–75 years)
63% males, 37% females
IQ < 50

]
 reference test

Persons with IQ < 50 randomly selected in 
six also randomly selected institutes for 
people with intellectual disability.

GERD group: 186 persons
Control group: 200 persons (tested negative for GER)
Mean age 35 years, 40% females
IQ < 50

[23]
ds

All subjects without GER who received a 
gastronomy tube
Evaluation of an intervention

Intervention group: 63 children
Mean age 3.5 years (range 1 month-17 years)
Sex: 52% males, 48% females
All children were neurologically impaired

ds
All children referred to an interdisciplinary 
feeding program for the evaluation of 
feeding problems

GERD group: 178 children
Control group: 171 children tested negative or not tested
Median age 13–36 months (range 1 month-12 years)
57% boys, 43% girls.
64% with developmental disabilities

l. [11]
ds + reference test

All children who visited an outpatient clinic
It is not clear for what reasons the children 
visited the outpatient clinic

GERD group: 25 children
Control group: 7 children negatively tested
Mean age 11.2 years (range 0.7 – 19 years).
34% boys, 66% girls.
All have cerebral palsy with severe brain damage (66%) or severe
mental retardation with cerebral atrophy (34%)

9]
ds and/or questionnaire by 

All children referred to a pediatric surgical 
service for detection, quantification or 
surgical treatment of GER

GERD group: 69 children
Control group: 57 children negatively tested
Age range 1 – 16 years.
Sex: ?
Impairment: 36% CNS disease

]
 review of records

All children without or with mild GER after 
gastronomy
Evaluation of an intervention.

Intervention group: 30 children
Mean age 6 years (range 3 months-17 years)
Sex: 60% boys, 40% girls
All children were neurologically impaired
23 had intellectual disability
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Lin e
Inter
chec
q.p. 

our pH test Yes No Yes

Luzz
Que
q.p.

hour pH test and 
oscopy

No Yes Yes

Mart
Revi
q.p. 

erse: upper 
rointestinal contrast 
y (barium), nuclide 

lasia scan, upper 
oscopy, extended pH 
y

Yes Yes Yes

Orc
Revi
q.p. 

oscopy No No Yes

Rave
Refe
were
q.p. 

our pH test and 
oscopy

No Yes Yes

Roge
Refe
regu
q.p. 

iological studies No Yes No

Shaw
Obs
q.p. 

our pH test No Yes Yes

Wad
[25]
Revi
q.p. 

test: upper 
rointestinal studies, 
etimes followed by a 
 scan
t test: ?

Yes No Yes

Van 
Inter
reco
q.p. 

our pH test and 
oscopy

Yes No Yes

Vega
Revi
q.p. 

ium ingestion with 
roscopy and/or eso-
scopy

Yes No Yes

? inf

Tabl
t al. [20]
view (parent) + reference test (to 
k if the selection was correct)
= 2

All children diagnosed as GERD patients in 
the University Hospital

GERD group: 34 children.
No control group
Median age 2.5 years (range 1.1–9.7 years)
53% boys, 47% girls
14 children had a neurological disorder, 10 had other diseases, 10 
did not have an underlying disease

24 h

ani et al. [12]
stionnaire + reference test

 = 2

Patients with Cornelia de Lange 
Syndrome
Strategy of
recruitment is unclear

GERD group: 28
Control group: 15 with normal pH test
Mean age 6.5 years (range 1 month- 30 years)
18 males and 25 females

24 
end

inez et al. [18]
ew of records
= 1

Subjects with antireflux operation and after 
operation tested with a reference test

GERD group: 47 children
Control group: 55 children tested negative
Age: children over 2 years of age.
Sex: ?
All have severe cognitive and motor impairment

Div
gast
stud
cha
end
stud

hard et al. [15]
ew of records
= 3

All persons who reside in a long-term care 
facility and are admitted to a hospital with 
UGI tract bleeding

GERD group: 28 adults
Control group: 12 adults
Mean age 42 years, 78% males
All are mentally retarded, 87% with IQ < 35–40

end

lli et al. [16]
rence test, it is not clear how symptoms 
 measured

= 2

Children who suffered retching and/or 
vomiting and were referred to a hospital for 
suspected gastrointestinal disorder

GERD group: 13 children
Control group: 6 children
Age: approx. 4.5 years
Sex: approx. 50% boys
All children selected for this review have CNS disorder and do not 
suffer gastric dysrhythmias

24 h
end

rs et al. [14]
rence test + questionnaire about 
rgitation to select subjects
= 2

Subjects living in a residential facility with a 
history of regurgitating food into the mouth 
for a minimum of 3 months

GERD group: 16 adults
Control group: 7 adults negatively tested
Age range 28–65 years
10 males, 13 females
All with severe developmental disabilities 61% had cerebral palsy

Rad

 et al. [22]
ervation of teeth + reference test
= 2

Children attending a dental outpatient clinic 
of a hospital

GERD group: 12 children.
Control group: 9 children with normal pH test
Mean age 12.5 years (range 3.9 – 20.7 years)
Sex: ?
All have cerebral palsy

24 h

ie et al.

ew of records
= 1

All subjects without GER who received a 
gastronomy tube
Evaluation of an intervention.

Intervention group: 56 children
Mean age 4.4 years
Sex: ?
All children were neurologically impaired

Pre
gast
som
milk
Pos

Winckel [9]
view with caregivers + review of 
rds + reference test
= 3

All children of a Pediatric Institute with IQ < 
30 combined with severe motor disorders

GERD group: 46 children (45 with symptoms of GERD and tested 
positive + 1 asymptomatic child that is tested positively)
Control group: 38 children (9 with symptoms but negative reference 
test, 2 without symptoms and negative reference test, 12 without 
symptoms and not tested, 15 with symptoms but not tested because 
parents refused the test)
Mean age 13 years (range 2–18 years)
52% boys, 48% girls
IQ < 30 combined with severe motor disorders

24 h
end

 Gutierrez et al. [26]
ew of records
= 2

All children with neurological or psychiatric 
problems who visited an neuropediatric 
outpatient clinic

GERD group: 27 children
Control group: 113 children, not tested or negatively tested
Median age 7.7 years (range 8 months-18 years)
67% boys, 33% girls;
32% had moderate to severe mental retardation

Bar
fluo
pha

ormation not found in publication

e 2: Characteristics of included studies (n = 19) (Continued)
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Spectrum bias
Spectrum bias concerns the question whether the results
that are found for the study population are applicable to
the indicated population of this review. That is, subjects of
at least two years of age with a severe mental disability (IQ
< 50). If the population of the study consists of people
with a relatively high risk of GERD, the sensitivity and spe-
cificity are likely to be overestimated. Only the studies of
Böhmer et al. [7,10,17,21] and Rogers et al. [14] have the

same population as the indicated population. Böhmer
found prevalences for GERD of 7% [10] and 48% [7]. The
first study [10] is based on a review of records, whereas in
the second study [7] a large group is tested with a reference
test, irrespective of the symptoms. This difference in prev-
alences indicates that GERD might not easily be recog-
nized in the indicated population because there are no
observable symptoms (silent GERD) or observable symp-
toms are not recognized as such.

Table 3: Summary of the results of the review

Difference between GERD and non GERD group Sensitivity

Number of studies Relation1 Level of evidence2 Number of studies Range median

GERD symptoms
Vomiting 5 yes A 8 22–100 57
Rumination 3 yes A 3 31–40 32
Regurgitation 4 no A 5 29–46 32
Food refusal 3 no A 4 29–49 38
Hematemesis 6 yes A 8 4–41 17
Iron deficiency anemia 3 no A 4 11–35 17
(Recurrent) pneumonia 3 no A 4 16–52 25
COPD, bronchitis, asthma) 1 no C 3 11–36 33
Respiratory symptoms 1 no C 1 - 44
Stridor 1 no C 1 - 24
Wheezing 1 Yes C 1 - 43
Failure to thrive 3 +/-1 B 5 7–92 40
Adiposity 1 No B 1 - 18
Dental erosion 2 Yes A 2 59–75 67

Behavioral symptoms
Behavior problems 2 no A 2 47–48 48
Automutilation 2 no A 3 19–29 23
Aggression 2 no A 2 19–23 21
Fear 1 no A 1 - 11
Episodes of screaming 2 no A 2 23–24 24
Depression 1 yes A 1 - 17
Restlessness 2 no A 2 19–23 21
Pain/irritability 2 +/- C 3 34–52 44
Heartburn 1 no C 2 9–12 11
Changed behavior 1 yes B 1 - 70

Predisposing factors
Nonambulance 4 no A 4 44–58 52
Scoliosis 4 no A 4 31–50 49
Cerebral Palsy 5 yes A 5 46–70 61
Use of anticonvulsive therapy 4 yes A 4 46–72 63
Central Nervous System Disease 1 yes A 1 - 45
IQ < 35 3 yes A 3 80–88 82

Other factors
Sex (males) 3 no A 3 56–60 58
Down's syndrome 2 no A 2 11–13 12
Constipation 4 no A 4 46–65 60
Melena 1 no C 1 - 4
Nasogastric feeding 2 no A 2 4–7 6
Gastrostomy feeding 2 +/- A 2 11–16 14

1 Statistically significant relation between a characteristic and GERD. +/- indicates that results are contradictory.
2 Level A highest level of evidence, level B = intermediate level of evidence, C = lowest level of evidence.
Page 8 of 12
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Also the study population of Rogers et al. [14], concerning
adults living in a residential facility for people with severe
developmental disability, resembles our population. In a
subgroup of people who regurgitate, 70% had GERD.

In the other studies in this review spectrum bias may pos-
sibly be present, since the research populations differ
from the indicated population of this review. The research
populations usually consist of groups with higher risks for
GERD. These include people with neurological disorders
such as cerebral palsy or people already attending a clinic
for feeding problems. The prevalences of GERD in the
other studies are all at least 46%. Only Vega Gutierrez et
al. [26] reported a lower prevalence of 19% in a group of
children with neurological or psychiatric problems visit-
ing an outpatient clinic (with 68% having light or no
mental retardation). In the studies with higher- risk
research populations, sensitivity and specificity are likely
to be overestimated.

Table 2 shows that most studies only have one (2 studies)
or two (9 studies) quality points. Four studies received
three quality points. Four studies had four or five quality
points. Considering the kind of bias in the studies, we
conclude that sensitivity and specificity of symptoms are
more likely to be overestimated, rather than underesti-
mated. The main reasons for overestimation are the retro-
spective use of records for extraction of symptoms and/or
diagnosis of GERD, the selection of subjects who are
tested with a reference test (verification bias), and studies
conducted with higher risk populations.

Symptoms of GERD
Table 3 shows the possible symptoms of GERD that were
examined in the studies. The symptoms are categorized as
"GERD symptoms" and "behavioral symptoms". Further-
more we looked at "predisposing risk factors" and some
other factors. We will only report the results if there are at
least three studies where the symptom was examined (see
column 4 Table 3 for total number of studies). More
detailed information about the data extracted from the
studies can be found in the appendix [see Additional file
1].

GERD symptoms
1. Vomiting. Vomiting was examined in eight studies. For
five studies 2 × 2 tables could be reconstructed. Three of
them revealed a significant difference in vomiting
between the GERD and non GERD group. Two studies did
not find a statistically significant relationship between
vomiting and the diagnosis of GERD. Sensitivity in the
eight studies ranged from 22% to 100% (median 57%).
Vomiting in the non GERD group was less frequent (5
studies, range 13%–31%, median 14%).

2. Rumination (bringing back up and re-chewing partially
digested food that has already been swallowed). Two out
of three studies investigating the correlation between
rumination and GERD, found that GERD patients more
often ruminate than people without GERD [7,10].
Another study [17] found no relation between rumina-
tion and GERD.

3. Regurgitation. Six studies examined regurgitation. In
one study only a positive predictive value (PPV) was cal-
culated: 70% of the subjects who regurgitate were diag-
nosed as GERD patients [14]. The authors claim that the
PPV is even higher when a more sensitive reference test
was used. In the other five studies sensitivity ranged from
29% to 36%. However, no statistically significant differ-
ences were found between the GERD and non GERD
group.

4. Food refusal. Four studies investigated the relationship
between the presence of GERD and food refusal. Although
food refusal often occurs, it is not found to be related to
the presence of GERD.

5. Hematemesis (vomiting of blood). Nine studies exam-
ined hematemesis as a symptom of GERD. Most often the
presence of hematemesis in the GERD group differs from
the presence in the non GERD group. Sensitivity in the
GERD group ranges from 4% to 41% (median 18%).
Only a few people diagnosed as not having GERD have
hematemesis (range 0%–14%, median 6%).

6. Iron deficiency anemia was examined in four studies,
with a sensitivity ranging from 11% to 35%. In one study
there was a significant difference between anemia in the
GERD and non GERD groups [10]. Two other studies did
not find a difference [7,17].

7. Pneumonia and other respiratory symptoms. No rela-
tionship was found between (recurrent) pneumonia and
GERD in the three studies focusing on this relationship.
Respiratory symptoms are examined in several studies.
However, the definition varies widely. The overall view
shows that such symptoms are not specific for GERD.

8. Failure to thrive. Five studies examined the relation
between GERD and failure to thrive, with a sensitivity
range of 7%–92%. 2 × 2 tables could be reconstructed in
three studies. Results were contradictory. In one study the
GERD group significantly differed from the non GERD
group [10], whereas in the other studies this was not the
case [16,18].

Behavioral symptoms
Nine studies also looked at behavioral symptoms of
GERD. Because of the wide range of behaviors studied, the
Page 9 of 12
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results are difficult to compare. Even within one category
of behavior, the definitions between studies vary. The
overall picture is that behavioral problems are not indica-
tive for GERD. Two behaviors were the subject of research
in at least three studies:

1. Automutilation. From these studies we conclude that
automutilation is not a symptom that is specific to GERD.

2. Pain/irritability. For pain or irritability the results are
not univocal. Van Winckel [9] found a relationship
between irritability and GERD. Irritability is defined as
inconsolably crying or irresolvable discomfort. The crying
or tension cannot be stopped. Martinez et al. [18] found
no relation between "pain/irritability" (not further
described) and GERD. Vega Gutierrez et al. [26] found
"irritability and/or crying" present in 44% of the children
with GERD.

Predisposing factors
1. Nonambulance. In four studies the relation between
nonambulance and GERD was studied. In all studies the
GERD group had a somewhat higher percentage of non-
ambulant people than the non GERD group. However, in
only one study did the difference reach statistical signifi-
cance.

2. Scoliosis. The same studies also investigated the rela-
tionship between scoliosis and GERD. As with nonambu-
lance, the GERD group had a higher percentage of people
with scoliosis than the non GERD group but this only
reached statistical significance in one study.

3. Cerebral palsy. Four out of five studies investigating the
relationship between cerebral palsy and GERD concluded
that people with cerebral palsy have higher risks of suffer-
ing from GERD. Sensitivity ranges from 46% to 70%. In
the groups without GERD, the percentages of cerebral
palsy patients were significantly lower, ranging from 2%
to 41%. In one study only the positive predictive value
was presented [22]: 57% of the children with cerebral
palsy were GERD patients.

4. Use of anticonvulsive therapy. Four studies examined
the use of anticonvulsive therapy and one studied "central
nervous system disease", often seizure disorder (42%). All
studies found a significant difference in the use of anti-
convulsive drugs between the GERD and the non-GERD
group. Sensitivity ranges from 45% to 72%, whereas the
percentage in the non GERD group ranges from 25% to
53%.

5. Severity of mental retardation. Four studies examined
the relation between severity of the mental retardation
and GERD. In three studies a difference was found: sub-

jects with an IQ < 35 more frequently had GERD than
people with an IQ of between 35 and 50 [7,10]. Vega
Gutierrez et al. [26] found that children with moderate to
severe mental retardation more often had GERD than
children with light or no mental retardation. In another
study of Böhmer [17] this relation was not found.

Other factors
1. Sex. No relationship has been found between sex and
GERD.

2. Constipation. Three out of four studies found no differ-
ence between constipation in GERD patients and people
without GERD.

3. Gastrostomy feeding. Two studies compared the pres-
ence of gastrostomy feeding in people with and without
GERD [7,10]. In one study the GERD patients more fre-
quently had gastrostomy feeding [10]. In the other study
no differences were found [7]. Three studies were
included that evaluated the presence of GERD after place-
ment of a gastrostomy tube [23-25]. In these studies the
subjects were not diagnosed as GERD patients before
placement. No further antireflux surgery was done (e.g.
Nissen fundoplication). The percentage of subjects who
developed GERD afterwards was 60%, 27% and 6%
respectively. It can be concluded that gastrostomy feeding
may trigger GERD, but the evidence is not firm.

Discussion
The systematic review as described has some limitations.
In the first place our research question concerns the pop-
ulation of severely mentally disabled people, and only the
studies of Böhmer [7,10,17,21] are found to specifically
focus on this population. Many studies focus on people
with neurological disorders without mentioning whether
they are mentally retarded. It remains unclear whether the
neurological disorder or the low IQ is related to GERD.
Van Winckel [9] studied persons with a low IQ (< 30) and
severe neuromotor disorders. She compared the presence
of symptoms in persons who could not sit or could not
move autonomously with persons who could move by
themselves. The latter group had only minor symptoms of
GERD. Van Winckel concluded that GERD is primarily
due to a neurological disorder. Böhmer et al. [7,10], how-
ever, also found a relationship with IQ. These differences
indicate that different study populations may lead to dif-
ferent conclusions.

Another point relates to the kind of symptoms the studies
focus on. The total number of different symptoms and fac-
tors that were studied was about 50 [see Additional file 1].
This broad range of symptoms makes it difficult to pool
them and to draw conclusions. And even within one sin-
gle symptom or factor, operationalization differs between
Page 10 of 12
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studies. For example vomiting is defined as daily vomit-
ing, including regurgitating [9]; as persistent vomiting and
regurgitation being two separate symptoms [7]; or as
repeated regurgitation (without mentioning vomiting as
another symptom) [11]. Most studies do not give exact
definitions of the symptoms, making clustering of results
difficult.

Thirdly, in most studies no multivariate analyses were per-
formed to search for clusters of symptoms that distinguish
the GERD patients from non GERD patients.

The fourth limitation concerns the way the subjects of the
studies were recruited. In eight studies the subjects were
selected for the study because they already had possible
symptoms of GERD. Therefore it was not possible to
detect persons who have GERD without exhibiting symp-
toms of GERD.

Conclusion
GERD in mentally disabled individuals is documented
frequently and may have serious consequences for the
quality of life. Therefore it is very important that GERD is
diagnosed and treated properly. In the introduction to
this article we stated that severely mentally retarded peo-
ple with GERD often do not utter complaints of heart-
burn, and that it is important that professionals giving
daily care to severely mentally retarded people observe
symptoms of possible GERD and communicate their
observations to a physician. From this review it can be
conclused that vomiting, rumination and hematemesis
are associated with a higher risk of the presence of GERD.
There is no clear evidence that particular behavioral symp-
toms are indicative for GERD. Patients with cerebral palsy,
patients using anticonvulsive drugs, and those with an IQ
lower than 35 more frequently have GERD.

What do the results of this systematic review imply for the
role of nurses and other care professionals in observing
symptoms of GERD? First, care professionals should
know that all severely mentally retarded people are at risk
of having GERD, with approximately half of the institu-
tionalized population being diagnosed as GERD patients
[1]. Within this population the risk is even higher in per-
sons with an IQ lower than 35, persons with cerebral
palsy, and those using anticonvulsive drugs.

Second, a person who vomits blood or frequently vomits
(without blood) has a higher risk of having GERD. Also if
a person ruminates, i.e. brings back up and re-chews par-
tially digested food that has already been swallowed, there
is a higher risk of GERD.

Third, the first two points must be regarded with caution
and are only indicative. Until now the number of studies

of sufficient scientific quality on the symptoms of GERD
is limited. As a consequence no clearly related symptoms
can help care professionals to detect (possible) GERD. The
studies of Böhmer et al. [7,10,21] are the only high quality
studies found concerning symptoms of GERD, as they
examine GERD prospectively in an randomly selected
population of severely mentally retarded people.

Fourth, since there is no single symptom that is clearly
related to GERD, those giving care to severely mentally
handicapped people should be alert to a broad range of
symptoms. Böhmer et al. [7] found that in subjects with-
out previous evidence of serious GERD (esophagitis diag-
nosed by endoscopy), the combination of an IQ < 35 or
cerebral palsy plus scoliosis, the use of anticonvulsant
drugs, hematemesis, rumination, and depression was pre-
dictive for GERD in 68% of the cases without a history of
GERD in the past, with a sensitivity of 78% and a specifi-
city of 59%.

Finally, although care professionals do have an important
role in observing the condition of severely mentally
retarded people, it is of course the physician who diag-
noses and treats GERD. Good medical treatment of GERD
is of importance in the population of severely mentally
disabled people, with nearly 50% of those with IQ < 50
having GERD [7]. The lack of a strong association between
symptoms and GERD stresses the important role of physi-
cians. Therefore physicians with adequate knowledge of
diagnosing and treating GERD in this population should
always be involved in the care process. Care professionals
can make a valuable contribution by closely observing the
person they care for and by communicating their observa-
tions to the physician. The results of this review are used
to write a guideline about GERD for professionals giving
care to severely mentally retarded people. Together with
the already existing guideline for physicians, it will con-
tribute to better care and better quality of life for the
severely mentally retarded.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
AJEdV carried out the study and drafted the manuscript.
JTB carried out the study and drafted the manuscript.
RCNdB participated in the design of this study (criteria to
select relevant studies and to rate the studies) and com-
mented drafts of the manuscript. CJMB participated in the
design of this study (criteria to select relevant studies and
to rate the studies) and commented drafts of the manu-
script. ALF contributed to the conception, design, analysis
and interpretation of data, critically commented on the
several steps in the study and the earlier drafts of this man-
uscript. All authors agreed on this manuscript
Page 11 of 12
(page number not for citation purposes)



BMC Gastroenterology 2008, 8:23 http://www.biomedcentral.com/1471-230X/8/23
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

Additional material

Acknowledgements
The research is funded by the Netherlands organization of health research 
and development (ZonMw) and the Dutch Ministry of Health, Welfare and 
Sports.

References
1. Böhmer C: Gastro-oesophageal reflux desease in intellectu-

ally disabled individuals.  In PhD thesis Vrije Universiteit Amster-
dam; 1996. 

2. McCarthy D: Living with chronic heartburn: insights into its
debilitating effects.  Gastroenterol Clin North Am 2003, 32:S1-9.

3. Bytzer P: Goals of therapy and guidelines for treatment suc-
cess in symptomatic gastroesophageal reflux disease
patients.  Am J Gastroenterol 2003, 98:S31-39.

4. Evenhuis HM: Want ik wil nog lang leven. Moderne gezondheidszorg voor
mensen met een verstandelijke beperking. [Because I want to live longer.
Modern health care for people with a mental handicap] Zoetermeer:
RVZ; 2002. 

5. Dent J, Jones R, Kahrilas P, Tally NJ: Management of gastro-
oesophageal reflux disease in general practice.  BMJ
322:344-347.

6. DeVault KR, Castell DO: Updated guidelines for the diagnosis
and treatment of gastroesophageal reflux disease.  Am J Gas-
troenterol 2005, 100:190-200.

7. Böhmer CJ, Niezen-de Boer MC, Klinkenberg-Knol EC, Deville WL,
Nadorp JH, Meuwissen SG: The prevalence of gastroesophageal
reflux disease in institutionalized intellectually disabled indi-
viduals.  Am J Gastroenterol 1999, 94:804-810.

8. Gimbel H: [Diagnosis and treatment of gastroesophageal
reflux disease in the mentally retarded: guidelines of a multi-
disciplinary consensus work group. Dutch Association of
Physicians in Care of Mentally Handicapped].  Ned Tijdschr
Geneeskd 2000, 144:1161-1165.

9. Van Winckel M: Gastro-oesophageale reflux bij kinderen met
ernstige neuromotorische stoornissen en mentale retarda-
tie [Gastro-oesophageale reflux in children with severe
motor disorders and mental retardation].  In PhD Thesis Uni-
versiteit van Gent; 1994. 

10. Böhmer CJ, Niezen-de Boer MC, Klinkenberg-Knol EC, Nadorp JH,
Meuwissen SG: Gastro-oesophageal reflux disease in institu-
tionalised intellectually disabled individuals.  Neth J Med 1997,
51:134-139.

11. Gustafsson PM, Tibblings L: Gastro-oesophageal reflux and
oesophageal dysfunction in children and adolescents with
brain damage.  Acta Paediatr 1994, 83:1081-1085.

12. Luzzani S, Macchina F, Valade A, Milani D, Selicorni A: Gastro-
esophageal reflux and Cornelia de Lange syndrome: typical
and atypical symptoms.  Am J Med Genet 2003, 119:283-287.

13. Field D, Garland M, Williams K: Correlates of specific childhood
feeding problems.  J Paediatr Child Health 2003, 39(4):299-304.

14. Rogers B, Stratton P, Victor J, Kennedy B, Andres M: Chronic
regurgitation among persons with mental retardation: a
need for combined medical and interdisciplinary strategies.
Am J Ment Retard 1992, 96:522-527.

15. Orchard JL, Stramat J, Wolfgang M, Trimpey A: Upper gastrointes-
tinal tract bleeding in institutionalized mentally retarded
adults. Primary role of esophagitis.  Arch Fam Med 1995, 4:30-33.

16. Ravelli AM, Milla PJ: Vomiting and gastroesophageal motor
activity in children with disorders of the central nervous sys-
tem.  J Pediatr Gastroenterol Nutr 1998, 26(1):56-63.

17. Böhmer CJ, Klinkenberg-Knol EC, Niezen-de Boer RC, Meuwissen
SG: The prevalence of gastro-oesophageal reflux disease
based on non-specific symptoms in institutionalized, intellec-
tually disabled individuals.  Eur J Gastroenterol Hepatol 1997,
9:187-190.

18. Martinez DA, Ginn-Pease ME, Caniano DA: Recognition of recur-
rent gastroesophageal reflux following antireflux surgery in
the neurologically disabled child: high index of suspicion and
definitive evaluation.  J Pediatr Surg 1992, 27:983-988.

19. Halpern LM, Jolley SG, Johnson DG: Gastroesophageal reflux: a
significant association with central nervous system disease in
children.  J Pediatr Surg 1991, 26:171-173.

20. Lin YC, Ni YH, Chang MH: Gastroesophageal reflux disease
beyond infancy.  Pediatr Int 2004, 46(5):516-520.

21. Böhmer CJ, Klinkenberg-Knol EC, Niezen-de Boer MC, Meuwissen
PR, Meuwissen SG: Dental erosions and gastro-oesophageal
reflux disease in institutionalized intellectually disabled indi-
viduals.  Oral Dis 1997, 3:272-275.

22. Shaw J, Weatherill S, Smith A: Tooth wear in children: an inves-
tigation of etiological factors in children with cerebral palsy
and gastroesophageal reflux.  ASDC J Dent Child 2005,
65:484-486.

23. Cameron BH, Blair GK, Murphy JJ III, Fraser GC: Morbidity in neu-
rologically impaired children after percutaneous endoscopic
versus Stamm gastrostomy.  Gastrointest Endosc 1995, 42:41-44.

24. Heine RG, Reddihough DS, Catto-Smith AG: Gastro-oesophageal
reflux and feeding problems after gastrostomy in children
with severe neurological impairment.  Dev Med Child Neurol
1995, 37(4):320-329.

25. Wadie G, Lobe T: Gastroesophageal reflux disease in neuro-
logically impaired children: the role of the gastrostomy tube.
Semin Laparosc Surg 2002, 9:180-189.

26. Vega Gutierrez ML, Benito FC, Alvarez Gomez MJ, Hernandez Lizoain
JL, Narbona GJ, Villa EL: [Gastroesophageal reflux in pediatric
neurologic patients].  An Esp Pediatr 1993, 38:232-236.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-230X/8/23/pre
pub

Additional file 1
Appendix with the results of the studies included in the review.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
230X-8-23-S1.doc]
Page 12 of 12
(page number not for citation purposes)

http://www.biomedcentral.com/content/supplementary/1471-230X-8-23-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14556431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14556431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12644029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12644029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12644029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11159660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11159660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15654800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15654800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10086670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10086670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10086670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10876695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10876695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10876695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9446923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9446923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7841709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7841709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7841709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12755939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12755939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1562309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1562309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7812473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7812473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7812473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9443121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9443121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9443121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9058632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9058632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9058632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1403562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1403562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1403562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2023076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2023076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2023076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15491375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15491375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9643224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9643224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9643224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7557175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7557175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7557175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7698523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7698523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7698523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12407528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12407528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8460841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8460841
http://www.biomedcentral.com/1471-230X/8/23/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Objectives

	Methods
	Selection criteria for considering studies for this review
	Search strategy
	Analysis of the studies
	Assessment of the level of evidence
	Data extraction
	Data synthesis

	Results
	Data-extraction and quality assessment
	Setting and data collection
	Research groups
	Reference test
	Verification bias
	Selection bias
	Spectrum bias
	Symptoms of GERD
	GERD symptoms
	Behavioral symptoms
	Predisposing factors
	Other factors


	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References
	Pre-publication history

