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Abstract
AIM: To investigate whether there is a link between 
diabetes mellitus (DM) and gastroesophageal reflux 
disease (GERD).

METHODS: We conducted a systematic search of 
PubMed and Web of Science databases, from their 
respective inceptions until December 31, 2013, for 
articles evaluating the relationship between DM and 

GERD. Studies were selected for analysis based on 
certain inclusion and exclusion criteria. Data were 
extracted from each study on the basis of predefined 
items. A meta-analysis was performed to compare 
the odds ratio (OR) in DM between individuals with 
and without GERD using a fixed effect or random 
effect model, depending on the absence or presence 
of significant heterogeneity. Subgroup analyses were 
used to identify sources of heterogeneity. Publication 
bias was assessed by Begg’s test. To evaluate the 
results, we also performed a sensitivity analysis.

RESULTS: When the electronic database and hand 
searches were combined, a total of nine eligible 
articles involving 9067 cases and 81 968 controls were 
included in our meta-analysis. Based on the random-
effects model, these studies identified a significant 
association between DM and the risk of GERD (overall 
OR = 1.61; 95%CI: 1.36-1.91; P  = 0.003). Subgroup 
analyses indicated that this result persisted in studies 
on populations from Eastern countries (OR = 1.71; 
95%CI: 1.38-2.12; P  = 0.003) and in younger 
patients (mean age < 50 years) (OR = 1.70; 95%CI: 
1.22-2.37; P  = 0.001). No significant publication bias 
was observed in this meta-analysis using Begg’s test (P  
= 0.175). The sensitivity analysis also confirmed the 
stability of our results.

CONCLUSION: This meta-analysis suggests that 
patients with DM are at greater risk of GERD than those 
who do not have DM.

Key words: Diabetes mellitus; Gastroesophageal reflux 
disease; Meta-analysis
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Core tip: Based on a meta-analysis, we demonstrated 
that diabetes mellitus is associated with gastroeso-
phageal reflux disease. Our findings suggested that 
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this association was greater in patients aged < 50 
years and in Asian populations.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is cha
racterized by the presence of esophageal mucosal 
injury or reflux symptoms caused by the abnormal 
reflux of gastric contents into the esophagus[1]. The 
symptoms include heartburn, acid regurgitation 
and noncardiac chest pain. Serious esophageal 
complications of GERD include erosive esophagitis, 
esophageal stricture, Barrett’s esophagus and eso
phageal adenocarcinoma. Various conditions such 
as disturbance of the lower esophageal sphincter, 
increased gastric acid production, increased intragastric 
pressure and esophageal acid exposure are believed to 
play an important role in the development of GERD[24]. 
Our understanding of the mechanisms of this disease 
is incomplete. GERD was found to be highly prevalent 
in Western societies. However, GERD is a common 
disorder in both Western and Asian populations and 
has become more prevalent in Asian populations in 
recent decades. The disorder is important clinically not 
only for its influence on patients’ quality of life, but also 
for a significant proportion of the total cost it generates 
to the health care system.

Diabetes mellitus (DM) is one of the metabolic 
diseases characterized by hyperglycemia resulting 
from defects in insulin secretion, insulin action or 
both[5]. Patients with DM suffer various complications 
and gastrointestinal (GI) symptoms are frequently 
encountered in these patients. The pathogenesis of 
GI symptoms in DM, which are usually attributed 
to neurological impairment, especially autonomic 
neuropathy, have not been clearly elucidated. It is 
reported that esophageal dysfunction occurs frequently 
in patients with diabetic autonomic neuropathy[6] and 
esophageal transit is delayed in 35% of patients with 
DM[7].

Studies evaluating the relationship between DM 
and GERD have generated conflicting data. Some 
studies have indicated a positive association between 
either DM or the metabolic syndrome and GERD[810], 
while others have found no association between these 
conditions[11,12].

Given this uncertainty, we conducted a meta
analysis of available studies comparing the risk of 
GERD in individuals with and without DM.

MATERIALS AND METHODS
Data source and search
We conducted a systematic search of PubMed and 
Web of Science databases from their inceptions until 
December 31, 2013. We used combinations of the 
subject headings: “diabetes mellitus”, “blood glucose”, 
“hyperglycemia”, “glycosylated hemoglobin”, “metabolic 
syndrome”, “gastroesophageal reflux”, “esophagitis”, 
“heartburn”, “esophageal pH” and “regurgitation”. We 
also performed hand searches in reference citations of 
identified reviews and original articles selected for full-
text retrieval.

Study selection
For inclusion in the metaanalysis, a study had to 
fulfill the following criteria: (1) report the numbers of 
GERD and nonGERD subjects; (2) include data on 
individuals with and without DM in both GERD and 
nonGERD groups; and (3) be published in English. 
For overlapping studies, only the study with the largest 
sample numbers was included.

Definition of GERD
Although esophageal manometry and 24h pH monitoring 
are the gold standards for detecting esophageal motor 
disorder and GERD, in our study, the diagnosis of 
GERD was established on the basis of reflux symptom 
questionnaires and the frequency of the cardinal 
symptoms, namely heartburn and acid regurgitation, 
occurring one or more times a week, with or without other 
symptoms.

The definition of esophagitis was established on the 
basis of endoscopic esophageal mucosal breaks.

Data extraction and quality assessment
Study selection was performed independently by two 
investigators (Sun and Tan). Discrepancies in data 
extraction were resolved through consultation with 
the third reviewer (Zhu). We extracted the following 
data from each publication: the first author’s name, 
year of publication, country, proportion of men, 
number of GERD and control subjects and number 
of subjects with and without DM in both groups. The 
quality of each study was independently evaluated by 
each investigator using the Newcastle-Ottawa quality 
assessment scale[13].

Statistical analysis
Data from all relevant studies were combined to 
estimate the pooled OR with a 95%CI using a random 
effects model. Subgroup analyses according to 
geographic region and age were performed to assess 
the potential modifying effect of these variables on 
outcomes. We also conducted a sensitivity analysis 
to investigate the influence of a single study on the 
overall risk estimate. Heterogeneity between studies 
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Table 1  Characteristics of studies included in the meta-analysis

was assessed using I2 statistics; random effect models 
were used to determine when I2 was at least 50%. 
Publication bias was statistically assessed using 
Begg’s regression test. All analyses were conducted with 
STATA software version 12 (STATA Corporation, College 
Station, TX, United States). P values less than 0.05 
were considered statistically significant.

RESULTS
Study selection
Our search of PubMed and Web of Science databases 
and manual review of articles cited in the identified 
and related publications initially retrieved 1510 articles, 
of which, 956 records were identified from the PubMed 
database and the remainder from Web of Science. 
After abstract and title screening, 1441 records were 
excluded as they were not related to our present 
metaanalysis. Of the 69 articles selected for detailed 
evaluation, the data of six studies were duplicated, 23 
studies did not have a control group, five studies were 
not published in English, 14 articles evaluated the 

relationship between GERD and another disease, eight 
studies had no fulltext and another four studies were 
excluded for having incomplete data. Overall, nine 
articles met the inclusion criteria and were included 
in the meta-analysis. A flow chart showing the study 
selection process is presented in Figure 1.

Study characteristics
The characteristics of the nine included studies are 
summarized in Table 1. All studies were published in 
the past 10 years. Of these, one study was conducted 
in America, one in Europe and seven in Asia. Records 
from Japan[14], South Korea[15], Taiwan[1618], Turkey[19] 
and China[20] were defined as Asian studies, while 
those from Europe[21] and America[22] were defined 
as Western studies. Of these nine studies, eight 
were crosssectional and the other had a case
control design. Sample size ranged from 743 to 43 
363 participants, with a total of 9067 individuals with 
GERD and 81 968 controls. Four studies evaluated the 
association between erosive esophagitis and DM[1416,18]. 
None of the included records divided DM into Type 1 
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Records identified from 
PubMed (n  = 956). Web of 

science (n  = 554)

Excluded based on 
abstract/title screening 

(n  = 1441)

Articles selected 
for full-text 

retrieval (n  = 69)

Article included 
in meta-analysis 

(n  = 9)

Excluded after full-text screening (n  = 60)
Non-English (n  = 5)

Duplicate data (n  = 6)
No full text (n  = 8)

No control group (n  = 23)
GERD with other disease (n  = 14)

Figure 1  Flow diagram of the selection process of the studies included in this meta-analysis. GERD: Gastroesophageal reflux disease.

Ref. Country Mean
Age (yr)

Men No. of subjects

GERD (+) DM(+) GERD (+) DM(-) GERD (-) DM(+) GERD (-) DM(-)
Yönem et al[19] Turkey   42.57   50.7%   42   217   90     996
Kim et al[15] South Korea 46.7   59.0% 119 1691 987 19167
Chen et al[20] China 62.5   41.4%   28   122 766   7134
Tseng et al[17] Taiwan 52.3   56.9% 248 2018 474   5030
Jansson et al[21] Sweden 48.0   47.0%   79 2744 847 35893
Chiba et al[14] Japan 33.9   77.6%   50   678 117   4145
Rubenstein et al[22] United States 58.7 100.0%   52   166   91     460
Ou et al[16] Taiwan 51.4   58.6%   60   292 188   1500
Hsu et al[18] Taiwan 51.7   46.2%     8   123   28     584

GERD: Gastroesophageal reflux disease; DM: Diabetes mellitus.
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DM and Type 2 DM.

Main analysis of the prevalence of GERD associated 
with DM
None of the included studies divided DM into Type 1 
DM and Type 2 DM. The OR was used to evaluate the 
association between DM and GERD. High heterogeneity 
was observed across the studies (I2 = 65.6%). 
Therefore, a random effects model was used. The 
overall pooled OR of DM in GERD subjects compared 
with that in nonGERD subjects was 1.61 (95%CI: 
1.361.91; P = 0.003) (Figure 2).

Subgroup meta-analysis
Many studies have found that the prevalence of GERD 
increases with age[23,24], presumably because aging 
decreases the motility of the esophagus. In order to 
explore the influence of age, we performed an age
stratified analysis, separating the studies into two 
subgroups with mean age < 50 years and mean age ≥ 

50 years. We identified an association between DM and 
GERD in both subgroups and the OR was 1.70 (95%CI: 
1.222.37) and 1.52 (95%CI: 1.271.82), respectively. 
However, only the subgroup with mean age < 50 years 
showed statistical significance (Figure 3A).

Figure 3B shows the results of subgroup analysis 
with reference to geographic region. A pooled analysis 
was conducted for the Asian and Western subgroups 
in order to explore the relationship between GERD 
patients and the risk of DM in different areas. The 
combined OR between GERD and DM in the Western 
studies was 1.33 (95%CI: 1.051.68). However, 
there was a more pronounced association in the Asian 
subgroup, OR = 1.71 (95%CI: 1.382.12).

Sensitivity analysis and publication bias
To test the robustness of our findings, sensitivity 

analysis was conducted. The analysis investigated the 
influence of a single study on the overall risk estimate 
by omitting one study at a time, yielding a narrow 
range of ORs from 1.48 (95%CI: 1.291.70) to 1.69 
(95%CI: 1.382.06). In addition, no single study 
substantially contributed to the heterogeneity observed 
across all studies (Figure 4). Begg’s regression test 
revealed that there was no publication bias in the 
overall analysis (P = 0.175) (Figure 5).

DISCUSSION
This study aimed to explore the relationship between 
GERD and DM. Our results showed that DM was a 
significant risk factor for the prevalence of both GERD 
and esophagitis.

According to the Montreal definition[1], GERD is 
diagnosed when the reflux of stomach contents causes 
troublesome symptoms and/or complications, such 
as reflux esophagitis, stricture, Barrett’s esophagus 
or esophageal adenocarcinoma, and the disease is 
subclassified into esophageal or extraesophageal 
syndromes. The cardinal symptoms in GERD patients 
are heartburn and regurgitation[25]. GERD includes 
erosive esophagitis and endoscopynegative reflux 
disease, which are also known as non-erosive reflux 
disease. It is reported that one of the reasons for the 
difficulty in identifying causative factors for GERD is the 
confusion between reflux esophagitis and non-erosive 
reflux disease[1]. Although the reflux of intragastric 
contents is defined as the etiology, the underlying 
mechanism of GERD has not been adequately 
elucidated. Multiple factors have been reported to be 
associated with GERD, such as age, gender, body mass 
index (BMI), body weight, alcohol consumption and 
smoking[2629].

Patients with DM suffer various complications, 
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Study ID OR (95%CI) %weight

1 Yönem (2013) 2.14 (1.44, 3.18) 9.50

2 Kim N (2008) 1.37 (1.12, 1.66) 15.26

3 Chen T (2012) 2.14 (1.41, 3.24) 8.97

4 Tseng PH (2012) 1.30 (1.11, 1.53) 16.31

5 Jansson C (2008) 1.22 (0.97, 1.54) 14.09

6 Chiba H (2012) 2.61 (1.86, 3.67) 10.89

7 Rubenstein JH (2013) 1.58 (1.08, 2.33) 9.76

8 Ou JL (2012) 1.64 (1.19, 2.25) 11.58

9 Hsu CS (2011) 1.36 (0.60, 3.05) 3.64

Overall (I 2 = 65.6%, P  = 0.003) 1.61 (1.36, 1.91) 100.00

0.272                                      1                                      3.67

Figure 2  OR and 95%CI of individual studies for the association between gastroesophageal reflux disease and diabetes mellitus in all subjects.
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Study ID OR (95%CI) %weight

Mean age < 50 yr

1 Yönem (2013) 2.14 (1.44, 3.18) 9.50

2 Kim N (2008) 1.37 (1.12, 1.66) 15.26

5 Jansson C (2008) 1.22 (0.97, 1.54) 14.09

6 Chiba H (2012) 2.61 (1.86, 3.67) 10.89

Subtotal (I 2 = 82.5%, P  = 0.001) 1.70 (1.22, 2.37) 49.75

Mean age ≥ 50 yr

3 Chen T (2012) 2.14 (1.41, 3.24) 8.97

4 Tseng PH (2012) 1.30 (1.11, 1.53) 16.31

7 Rubenstein JH (2013) 1.58 (1.08, 2.33) 9.76

8 Ou JL (2012) 1.64 (1.19, 2.25) 11.58

9 Hsu CS (2011) 1.36 (0.60, 3.05) 3.64

Subtotal (I 2 = 30.9%, P  = 0.216) 1.52 (1.27, 1.82) 50.25

Overall (I 2 = 65.6%, P  = 0.003) 1.61 (1.36, 1.91) 100.00

Note: weights are from random 
effects analysis

0.272                                      1                                      3.67

Study ID OR (95%CI) %weight

Asian

1 Yönem (2013) 2.14 (1.44, 3.18) 9.50

2 Kim N (2008) 1.37 (1.12, 1.66) 15.27

3 Chen T (2012) 2.14 (1.41, 3.24) 8.96

4 Tseng PH (2012) 1.30 (1.11, 1.53) 16.32

6 Chiba H (2012) 2.61 (1.86, 3.67) 10.89

8 Ou JL (2012) 1.64 (1.19, 2.25) 11.57

9 Hsu CS (2011) 1.36 (0.60, 3.05) 3.63

Subtotal (I 2 = 70.0%, P  = 0.003) 1.71 (1.38, 2.12) 76.15

Western

5 Jansson C (2008) 1.22 (0.97, 1.54) 14.10

7 Rubenstein JH (2013) 1.58 (1.08, 2.33) 9.75

Subtotal (I 2 = 22.6%, P  = 0.256) 1.33 (1.05, 1.68) 23.85

Overall (I 2 = 65.5%, P  = 0.003) 1.61 (1.36, 1.91) 100.00

Note: weights are from random 
effects analysis

0.272                                      1                                      3.67

Figure 3  OR and 95%CI of individual studies for subgroup analysis by age (A) and by geographic region (B).

A

B
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among which esophageal dysfunction is common, 
including reduced amplitude of esophageal contractions, 
fewer peristaltic waves, a decrease in the velocity 
of peristalsis, reduced lower esophageal sphincter 
pressure and abnormal gastroesophageal reflux[3032]. 
Abnormal gastroesophageal reflux, which is commonly 
named GERD, not only affects the quality of patients’ 
lives, but also increases the risk of esophageal 
adenocarcinoma[33]. The major mechanism for GERD is 
transient relaxation of the lower esophageal sphincter. 
Classic studies have shown that being overweight 
and obesity are important independent risk factors 
for GERD. Obesity has been speculated to cause 
GERD symptoms due to multiple factors, including 
an increased gastroesophageal sphincter gradient, 
the incidence of hiatus hernia and intraabdominal 
pressure[34]. Some patients with DM, particularly those 
with type 2 DM, are obese. This may be one reason 
why DM causes GERD. Although the pathophysiology 
of esophageal dysfunction in patients with DM is 
unknown, it has been suggested that this dysfunction 
is caused largely by autonomic neuropathy, especially 
vagal nerve damage[6], as most diabetic patients with 
esophageal dysfunction show evidence of coexistent 
peripheral motor or autonomic neuropathy. In addition, 

gastric emptying can be delayed by diabetic autonomic 
neuropathy, which may promote erosive esophagitis[35]. 

Various studies have reported on the relationship 
between diabetic autonomic neuropathy and esopha
geal dysfunction; however, no consensus has yet 
been reached. Diabetic neuropathy can develop at 
the time when blood glucose begins to increase but is 
usually seen 510 years after the onset of diabetes[36]. 
Patients with DM frequently have neuropathy without 
any gastrointestinal symptoms, which is attributed to 
simultaneous efferent and afferent nerve damage[37]. 
Consequently, an exact evaluation of esophageal 
dysfunction on the basis of symptoms may be difficult 
in patients with DM as typical reflux symptoms may be 
vague in some diabetic patients[38,39]. Previous studies 
indicated that the duration of DM is also an important 
factor for GI symptoms in type 2 DM patients as 
longer disease duration is associated with more 
complications[39,40]. It has been reported that diabetic 
patients with three major diabetic complications, 
retinopathy, neuropathy and nephropathy, are more 
likely to have symptomatic GERD[9]. Thus, maintaining 
a good HbA1c level and ideal body weight are important 
in preventing GERD in DM patients.

Our subgroup metaanalysis by geographic region 
showed that there was an association between GERD 
and DM in both the Asian or Western subgroup, while 
only the former showed statistical significance. GERD 
is known to be a major clinical problem in Western 
countries, with 14%24% of adults experiencing 
heartburn and acid regurgitation at least once a 
week, and recently, the frequency has increased to 
approximately onethird of the adult population[41]. 
Unfortunately, GERD is becoming increasingly prevalent 
in Asia where it is currently estimated that more than 
10% of the population experiences at least weekly 
symptoms of heartburn and/or acid regurgitation[26,42]. 
There appears to be racial differences in the clinical 
presentation as well as in the natural history of GERD 
between Eastern and Western societies[19]. Genetic 
factors, a high prevalence of Helicobacter pylori 
infection, dietary differences and disparities in parietal 
cell mass and gastric acid secretion are possible factors 
accounting for these racial differences[43].

It is unclear whether the incidence and prevalence 
of GERD symptoms increase with age[27]. Some 
crosssectional studies found no association, while 
other reports showed that the prevalence of erosive 
esophagitis increased with age[23,24]. The results of our 
study revealed that there was an association between 
age and GERD. The mechanisms responsible for the 
higher proportion of severe esophagitis in the elderly 
are unknown but it is assumed that impairment of 
esophageal motility in the elderly might be a factor. In 
addition, the presence of hiatus hernia is a risk factor 
for GERD in both the elderly and nonelderly and the 
incidence of hiatus hernia in the elderly is extremely high. 
Moreover, the mean size of hiatus hernia increases with 
advancing age[44]. A previous study also demonstrated 
that the size of hiatus hernia was associated with the 
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Figure 4  Sensitivity analysis.
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Figure 5  Begg’s regression for publication bias.
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severity of esophagitis[45].
In summary, we found a significant association 

between GERD and DM. Of course, a metaanalysis 
of observational studies in principle can never prove 
causality. The detailed mechanism underlying the 
relationship between DM and GERD should be studied 
as GERD in diabetic patients is clinically important as 
it may be associated with changes in the absorption of 
oral hypoglycemic drugs, for example. Moreover, the 
delayed transit of capsules and increased abnormal 
acid reflux may generate a risk of mucosal ulceration 
and decrease the patient’s quality of life. Consequently, 
early detection of GERD in patients with DM is very 
important so that adequate therapy can effectively 
delay the onset and slow the progression of such 
complications.

This study has a number of inherent limitations that 
warrant mentioning. Firstly, as most of the included 
studies were crosssectional, only associations between 
DM and GERD could be determined, not cause and 
effect. To elucidate possible causal relationships, 
further studies with a longitudinal design and paired 
controls are required. Secondly, literature retrieval only 
included two databases and was restricted to English
language literature, so there may be a certain selection 
bias. Finally, the data were not adjusted for BMI.
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