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Background/Aims
Patients with type II diabetes mellitus (DM) were known to have higher prevalence of gastroesophageal reflux disease (GERD).
Recent studies have shown that neuropathy has positive role on the development of GERD in type II DM, although its pathogenesis has not been fully understood yet. The aim of this study was to investigate whether neuropathy really contribute to
the development of GERD and typical GERD symptoms in patients with type II DM in Korea.
Methods
One hundred and nineteen patients with type II DM who had given informed consents were enrolled. All patients underwent
electromyography to check the presence of peripheral neuropathy, face-to-face interview to evaluate their typical GERD symptoms and esophagogastroduodenoscopy to look for the presence of erosive esophagitis. Ninety-five patients were finally included for this study and they were divided according to the presence or absence of the peripheral neuropathy.
Results
The mean age of 95 patients was 59.3 ± 9.1 years and the mean disease duration of DM was 9.3 ± 5.9 years. Typical GERD
symptoms were similarly found in both groups with and without peripheral neuropathy (23.6% vs 22.8%, P = 0.921). Erosive
esophagitis was more prevalent in patients with neuropathy than in those without neuropathy (31.5% vs 10.5%, P = 0.022).
Conclusions
In patients with type II DM, peripheral neuropathy is an independent risk factor for the erosive esophagitis. However, peripheral neuropathy did not contribute to the presence of the typical GERD symptoms.
(J Neurogastroenterol Motil 2011;17:274-278)
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Introduction
Up to 75% of patients with diabetes mellitus (DM) are

known to experience gastrointestinal (GI) symptoms in clinical
practice.1 However, the exact prevalence of gastroesophageal reflux disease (GERD) in patients with DM has been on debate. A
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GERD in Type II Diabetes Mellitus

recent study reported that about 25% of the patients with type II
DM had heartburn, acid regurgitation or other symptoms asso2
ciated with GERD. Another study showed that the prevalence of
3
GERD symptoms in DM patients was 41%, which was greater
than the reported prevalence in general population according to
4
the literature. A Korean study reported that the prevalence of
erosive esophagitis among patients with DM undergone esophagogastroduodenoscopy (EGD) due to various GI symptoms
5
was 18%.
It was known that GI symptoms in patients with DM might
be associated with its complications, particularly neuropathy, and
6
with poor glycemic control. Some studies have shown that many
of the GI symptoms in DM patients suggest motor dysfunction
and that the neuropathy has positive role on the development of
7-11
GERD symptoms in type II DM. However, this concept is
still on debate and the pathogenesis of GERD in type II DM has
not been fully understood yet.
This study was done to investigate whether neuropathy contributes to the development of erosive esophagitis and typical
GERD symptoms in Korean patients with type II DM.

M aterials and M ethods

Diagnosis of diabetes mellitus neuropathy

Patients underwent nerve conduction study and needle
EMG for the evaluation of neuropathy. The latency, amplitude
and nerve conduction velocity of motor and sensory nerves were
recorded on the median and ulnar nerves of upper extremities
and peroneal, posterior tibial and sural nerves of lower
extremities. Peripheral neuropathy was defined as at least 2 different nerves were found to be abnormal in decreased amplitude
or delayed nerve conduction velocity. Patients were divided into 2
groups based on the presence or absence of peripheral neuropathy.
Diagnosis of gastroesophageal reflux disease

During face-to-face interviews, patients were asked whether
they had typical GERD symptoms of at least 1 episode a week using a reflux symptom checklist based on a previously validated
12,13
Typical GERD symptoms were heartGERD questionnaire.
burn and regurgitation. Heartburn was defined as pain or burning sense behind the sternum and regurgitation as acidic taste in
the mouth or throat with upward movement of materials from the
stomach. Symptom-based diagnosis of GERD was made when a
patient had a history of at least weekly typical GERD symptoms
that appeared 3 months or earlier before the enrollment.
Diagnosis of erosive esophagitis

Study Population
Patients who had given informed consent with a history of at
least 5 years of type II DM and age between 30 and 80 years were
prospectively enrolled at Endocrinology Center of Korea
University Hospital from August to December of 2008.
Patients were excluded if they had history of angina pectoris,
arrhythmia, chronic obstructive pulmonary disease, asthma, sinusitis or previous upper GI surgery. Patients with recent or ongoing medication history of angiotensin-converting enzyme inhibitors, nitrites, β-blockers, calcium channel antagonists, anticholinergics or non-steroidal anti-inflammatory drugs were also
excluded.

Study Protocol
The study protocol was approved by Institutional Review
Board of Korea University Anam Hospital in August of 2008
(AN08089-001).
Height, weight, waist circumference, duration of DM and
hemoglobin A1C (HbA1C) level were evaluated. All patients
underwent 3 steps of investigations: electromyography (EMG),
interview to evaluate typical symptoms of GERD and EGD.

Without knowing the result from EMG, expert endoscopists
performing more than 1,000 endoscopies a year looked for the
esophageal mucosal breaks during EGD. Esophagitis was grad14
ed using the Los Angeles classification. Cases with hiatal hernia
or cases with esophageal candidiasis were excluded. Hiatal hernia
was diagnosed when the location of gastroesophageal junction
was noted to be at least 2 cm proximal to the impression of the di15
aphragm at EGD. Esophageal candidiasis was diagnosed when
characteristic white pseudomembranous or plaque-like adherent
to esophageal mucosa was observed by EGD without biopsy
confirmation.

Statistical Methods
Statistical analysis was performed using SPSS software
(SPSS 12.0 for Windows, SPSS Inc, Chicago, IL, USA). Data
were expressed as mean ± SD, number of patients in each category and percentage of total patients in that group. Continuous
variables were tested with Student t test and difference in the
prevalence between the 2 groups with and without neuropathy
were tested with Chi-square test. To evaluate the ability of the
variables of interest to predict risk factors for erosive esophagitis
in type II DM, a logistic regression analysis model with multi-
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variate adjusted analysis was used. Results were reported as odds
ratios (ORs) with 95% confidence intervals (CIs). P ＜ 0.05 was
selected as a significant level.

Results
From 119 initially recruited patients, 19 patients were excluded after history taking due to their past medical histories and
5 patients were excluded after endoscopy due to the presence of
esophageal candidiasis (3 cases) and hiatal hernia (2 cases) and 95
patients were finally included for this study.
Mean age of the study subjects (N = 95) was 59.3 ± 9.1
years, female/male ratio was 48/47 and the mean disease duration
of DM was 9.3 ± 5.9 years. Mean HbA1C level was 7.0% ±
1.0% and the mean waist circumference was 83.6 ± 6.4 cm.
Typical GERD symptoms were noted in 23.1% and erosive
esophagitis, all in Los Angeles A or B grade, was found in 18.9%
(Table 1).
Thirty-eight cases (40%) had peripheral neuropathy. There
was no significant difference in characteristics such as age, gender, waist circumference, disease duration of DM and HbA1C
level between the 2 groups with and without neuropathy (Table
1). The prevalence of typical GERD symptoms in patients with
neuropathy was similar to that in those without neuropathy
(23.6% vs 22.8%, P = 0.921; Table 1). Erosive esophagitis in
patients with neuropathy was 3 times more frequent than in patients without neuropathy (31.5% vs 10.5%, P = 0.022; Table 1).
Table 1. Characteristics of the Patients With Type II Diabetes

Mellitus With/Without Neuropathy
Total
(N = 95)

Age (yr)
Gender, F/M (n)
Waist circumference
(cm)
GERD symptoms
(n [%])
Erosive esophagitis
(n [%])
Duration of DM (yr)
HbA1C (%)

Neuropathy Neuropathy
(+)
(－) P-value
(n = 38)
(n = 57)

59.3 ± 9.1 58.0 ± 9.3
48/47
19/19
83.6 ± 6.4 83.1 ± 6.1

61.2 ± 8.4 0.092
29/28
0.929
84.6 ± 6.1 0.230

22 (23.1)

9 (23.6)

13 (22.8)

0.921

18 (18.9)

12 (31.5)

6 (10.5)

0.022

9.7 ± 6.0
7.0 ± 1.0

9.1 ± 5.9
7.1 ± 1.1

10.6 ± 6.0 0.204
7.0 ± 0.8 0.817

GERD, gastroesophageal reflux disease; DM, diabetes mellitus; HbA1C,
hemoglobin A1C.
Data were expressed as mean ± SD, number of patients in each category and
percentage of total patients in that group.
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Proportions of patients having erosive esophagitis with typical GERD symptoms were not significantly different between the
2 groups with and without peripheral neuropathy (10.5% vs
5.3%, P = 0.336; Table 2). Numbers of cases with typical
GERD symptoms without erosive esophagitis, ie, non-erosive reflux disease (NERD), were also not significantly different
(13.2% vs 17.5%, P = 0.575; Table 2). However, patients with
erosive esophagitis without typical GERD symptoms, ie, asymptomatic erosive esophagitis, were more commonly found in the
group with neuropathy than in those without neuropathy (21.1%
vs 5.3%, P = 0.018; Table 2). Among GERD patients who had
typical GERD symptoms and/or erosive esophagitis, asymptomatic erosive esophagitis (21.1%) was the most commonly found
entity in the neuropathy group, whereas NERD (17.5%) was the
most commonly found entity in the non-neuropathy group
(Table 2).
According to the multivariate analysis, age, gender, waist circumference, disease duration of DM and HbA1C level were not
associated with the presence of erosive esophagitis. Neuropathy
was the only significantly associated factor with an adjusted OR
(95% CI) of 5.01 (1.40-17.95) (P = 0.013, Table 3).

Discussion
GI symptoms are relatively common in clinical practice in pa1
tients with type II DM. In the present study, the proportion of
patients experiencing at least weekly typical GERD symptoms in
type II DM was 23.1%, which seems to be far higher than the reported prevalence of GERD from the general Korean popula16,17
tion.
Table 2. Status of Typical Reflux Symptoms and Erosive
Esophagitis in Patients With Type II Diabetes Mellitus
With/Without Neuropathy (N = 95)

Neuropathy
(+)
(n = 38)
Typical symptoms (+)
EE (+), n (%)
Typical symptoms (+)
EE (－), n (%)
Typical symptoms (－)
EE (+), n (%)
Typical symptoms (－)
EE (－), n (%)
EE, erosive esophagitis.
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Neuropathy
(－)
P-value
(n = 57)

4 (10.5)

3 (5.3)

0.336

5 (13.2)

10 (17.5)

0.575

8 (21.1)

3 (5.3)

0.018

21 (55.3)

41 (71.9)

0.095

GERD in Type II Diabetes Mellitus

Table 3. Multivariate Analysis of Characteristics of the Patients With Type II Diabetes Mellitus With/Without Erosive Esophagitis (N =

95)

Erosive esophagitis

Age (yr)
Gender, F/M (n [%])
WC (cm)
Neuropathy (n [%])
DM (yr)
HbA1C (%)

Multivariate adjusted

Present
(n = 18)

Absent
(n = 77)

OR (95% CI)

P-value

60.4 ± 8.1
7/11 (39/61)
84.8 ± 4.7
12 (66.7)
12.5 ± 5.7
7.2 ± 0.8

59.1 ± 9.3
41/36 (53/47)
83.6 ± 6.9
26 (33.3)
9.1 ± 5.9
7.0 ± 1.1

0.99 (0.92-1.07)
1.94 (0.53-7.14)
1.13 (0.87-1.46)
5.01 (1.40-17.95)
1.10 (0.98-1.23)
1.01 (0.54-1.88)

0.854
0.317
0.381
0.013
0.104
0.986

WC, waist circumference; DM, diabetes mellitus; HbA1C, hemoglobin A1C.
Data were expressed as mean ± SD, number of patients in each category and percentage of total patients in that group.

It was reported that DM patients with neuropathy had sig2,18
nificantly more GI symptoms than those without neuropathy.
A recent study showed that the prevalence of heartburn was significantly higher in type II DM with neuropathy than in without
3
neuropathy. In contrast to these reports, the present study
showed that there was no significant difference in the proportions
of patients experiencing typical GERD symptoms between the 2
groups of type II DM with and without neuropathy.
We could find only one Korean study published on the prevalence of erosive esophagitis among patients with DM who had
5
undergone EGD due to various GI symptoms. However, the
study did not mention the types of DM. And the study investigated the prevalence of erosive esophagitis irrespective of the
GERD symptoms and therefore, NERD cases were not includeed.
Endoscopic examination has high specificity, but low sensi19
tivity, for a diagnosis of GERD. It is clear that endoscopy is the
only method of investigation to make a diagnosis of erosive
esophagitis and grading its severity. According to a recent report,
prevalence of erosive esophagitis in secondary and tertiary hospi20
tals in Korea was 11.8%. In the present study, prevalence of erosive esophagitis by EGD in type II DM patients was 18.9%.
This result is similar to a previous observation that 20% of the patients had erosive esophagitis in patients with refractory diabetic
21
gastroparesis. In patients with neuropathy, the prevalence of
erosive esophagitis was three times higher than those without
neuropathy (31.5% vs 10.5%, P = 0.022). These findings were
11
consistent with a previous study, which demonstrated an abnormal gastroesophageal reflux in diabetic patients with cardiovascular autonomic neuropathy. It has been hypothesized that
the greater incidence of transient lower esophageal sphincter relaxation that is responsible for the gastroesophageal reflux is re-

11
lated to diabetic autonomic neuropathy. Autonomic nervous
disorder in DM might cause a certain degree of gastric dysmotility that may increase intragastric distension and lead to a higher
incidence of transient lower esophageal sphincter relaxation.
This study evaluated peripheral neuropathy instead of cardiovascular autonomic neuropathy in diabetic patients by needle
EMG. It has been known that peripheral nerves consist of larger
22
motor nerve fibers than the autonomic nerve fibers. Therefore,
patients with peripheral neuropathy might mean that they had already damaged autonomic nerve fibers. Some observations have
shown that autonomic neuropathy, as assessed by cardiovascular
autonomic function, is closely associated with symptoms and
9,10
signs of peripheral neuropathy in diabetes. Patients with peripheral neuropathy, reflected by reduced nerve conduction velocity, have high possibility of cardiovascular autonomic dysfunc23
tion in diabetics.
In this study, asymptomatic erosive esophagitis was more frequently found in those with neuropathy (21.1%) than in those
without neuropathy (5.3%), while symptomatic erosive esophagitis was not different in frequency between the 2 groups. This
observation could be partly explained with an assumption that
perception of the symptom of heartburn or regurgitation might
be blunted in type II DM patients with neuropathy in addition to
a probable contribution of neuropathy to the development of
GERD. Some studies supported this assumption that acute
changes in the blood glucose concentration have been shown to
24
impair autonomic nerve function and lower significantly in pain
25
threshold in diabetic patients. However, this assumption leaves
a room to more intensive experimental study.
Major roles of EGD in the management of GERD patients
are to diagnose and treat complications of GERD, especially pep26
tic strictures, and to prove the presence of Barrett's esophagus.
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Considering our result that as much as one fifth of the diabetic
patients with peripheral neuropathy had asymptomatic reflux
esophagitis, EGD might be included as one of the initial evaluations in this subset of patients.
We have not included the drug history in this study and medications such as oral hypoglycemic agents, including metformin
and/or insulin, which might have influenced symptoms of
GERD. A large-scale population-based prospective study including more variables such as drug history, psychotic factors,
etc. is needed.
In summary, the prevalence of erosive esophagitis in type II
DM patients with neuropathy was higher than in those without
neuropathy, while the proportions of patients experiencing typical
GERD symptoms were not different between the 2 groups.
Prevalence of asymptomatic erosive esophagitis was higher in the
group with neuropathy than in those without neuropathy.
Therefore, asking a DM patient whether he or she has typical
GERD symptoms may not be sufficient for a diagnosis of
GERD, especially in those with neuropathy, and EGD may be
recommended to prove the presence of erosive reflux esophagitis
in those patients.
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