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OBJECTIVEdTo determine the prevalence of gastrointestinal (GI) manifestations associated
with diabetes mellitus (DM) in a Taiwanese population undergoing bidirectional endoscopies.

RESEARCHDESIGNANDMETHODSdSubjects voluntarily undergoing upper endos-
copy/colonoscopy as part of a medical examination at the National Taiwan University Hospital
were recruited during 2009. Diagnosis of DM included past history of DM, fasting plasma glucose
$126 mg/dL, or glycated hemoglobin (HbA1c) $6.5%. Comparisons were made between di-
abetic and nondiabetic subjects, subjects with lower and higher HbA1c levels, and diabetic sub-
jects with andwithout complications, respectively, for their GI symptoms, noninvasive GI testing
results, and endoscopic findings.

RESULTSdAmong 7,770 study subjects, 722 (9.3%) were diagnosed with DM. The overall
prevalence of GI symptomswas lower in DM subjects (30.3 vs. 35.4%, P = 0.006). In contrast, the
prevalence of erosive esophagitis (34.3 vs. 28.6%, P = 0.002), Barrett’s esophagus (0.6 vs. 0.1%,
P = 0.001), peptic ulcer disease (14.8 vs. 8.5%, P, 0.001), gastric neoplasms (1.8 vs. 0.7%, P =
0.003), and colonic neoplasms (26.6 vs. 16.5%, P , 0.001) was higher in diabetic subjects.
Diagnostic accuracy of immunochemical fecal occult blood test for colonic neoplasms was sig-
nificantly decreased in DM (70.7 vs. 81.7%, P , 0.001). Higher HbA1c levels were associated
with a decrease of GI symptoms and an increase of endoscopic abnormalities. Diabetic subjects
with complications had a higher prevalence of colonic neoplasms (39.2 vs. 24.5%, P = 0.002)
than those without.

CONCLUSIONSdDM and higher levels of HbA1c were associated with lower prevalence of
GI symptoms but higher prevalence of endoscopic abnormalities.
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W ith a rapidly increasing preva-
lence, diabetes mellitus (DM)
has become a major public health

concern in Taiwan and worldwide (1).
Optimal management of DM-related
complications, including various gastro-
intestinal (GI) problems, has thus become
challenging in most physicians’ daily prac-
tices. Bothersome GI symptoms, including
gastroesophageal reflux, postprandial full-
ness, bloating, constipation, and diarrhea,
are common in diabetic subjects and are

related to abnormal GI motility caused
by autonomic neuropathy (2,3). On the
other hand, GI complications, such as
gastroesophageal reflux disease (GERD)
and peptic ulcer disease (PUD), which
may affect quality of life and glycemic
control in diabetic subjects (4), could oc-
cur undetected as a result of reduced pain
perception (5,6). Moreover, DM has also
been found tobe an independent risk factor
for the incidence of several premalignant
and malignant GI neoplasms, notably

colon polyps and colorectal cancer (CRC),
which are associated with significant mor-
bidity and mortality (7).

Previous large-scale, population-based
studies mainly focused on GI symptom-
atology in DM (2,8), whereas endoscopic
studies reporting GI pathology in DM
were constrained by relatively small sam-
ple sizes or the enrollment of mostly
symptomatic diabetic subjects (9–12). Al-
though progress has been made in the dia-
gnosis and management of DM in recent
years, a comprehensive report onGImani-
festations among those with DM and their
association with glycemic control and di-
abetes complications is still lacking. In
Taiwan, the incidence of CRC is rapidly
increasing andHelicobacter pyloridrelated
upper GI pathologies remain highly prev-
alent. Self-paid health examinations,
including a complete metabolic profile as
well as both upper endoscopy and colono-
scopy, are widely available to the general
population, providing a unique opportu-
nity for global evaluation of GI manifesta-
tions in DM. Therefore, by recruiting a
population undergoing bidirectional en-
doscopies as part of a medical examination,
we determined the prevalence of GI symp-
toms and endoscopic abnormalities in as-
sociation with DM. Also, we evaluated the
effects of glucose control, aswell as diabetes
complications, on GI manifestations in the
study population.

RESEARCH DESIGN AND
METHODS

Study design and participant
evaluation
From January to December 2009, we re-
cruited subjects who voluntarily under-
went upper endoscopy and colonoscopy
as part of a medical examination at the
National Taiwan University Hospital. At-
tendees of medical examinations in our
institute were recruited through advertis-
ing messages for health-promotion pur-
poses from the general population. Such
an examination fee was generally afford-
able with ;1/30 of the gross national in-
come per capita in Taiwan that the
participants did not belong to any partic-
ular socio-economic class or share a uni-
fying form of employment. The standard
protocol consisted of a self-administered
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questionnaire, face-to-face interview by
an internal medicine physician, physical
examination, blood biochemical analysis,
plain radiography for chest and abdomen,
abdominal ultrasonography, 13C urea
breath test (UBT), immunochemical fecal
occult blood test (i-FOBT), and bidirec-
tional endoscopic examination for both
the upper and lower GI tract (13,14).
Those who were not ethnic Taiwanese,
did not undergo endoscopies, or had a
history of previous GI surgery were ex-
cluded. This study was approved by the
Ethical Committee of the National Taiwan
University Hospital (201105067RB).

Assessment of GI symptoms with a
standardized questionnaire
Prior to examination, all subjects filled
out a standard questionnaire that collec-
ted information regarding demographics,
common symptoms involving all body
systems in the past 3months, medical and
medication history, and social habits
(smoking and alcohol). GI symptoms
were comprised of 10 items and were
further categorized as 1) esophageal
symptoms, including dysphagia and
acid reflux; 2) upper GI symptoms, in-
cluding epigastralgia, postprandial full-
ness, nausea/vomiting, bloating, and
belching, which were further categorized
into epigastric pain syndrome and post-
prandial distress syndrome based on the
Rome III criteria (15); and 3) lower GI
symptoms, including lower abdominal
pain, constipation, and diarrhea. Consti-
pation was defined as frequency of defeca-
tion less than three times a week or a hard
stool character. Diarrhea was defined as
frequency of defection greater than three
times a day or a loose or watery stool char-
acter. The presence of each GI symptom
was recorded and verified by internal
medicine consultation.

Diagnosis of DM
The diagnosis of DM was based on the
updated criteria of the American Diabetes
Association, including a past history of
DM, a fasting plasma glucose$126mg/dL,
or glycated hemoglobin (HbA1c) $6.5%
(16). Since most of the diabetic subjects
in our population belonged to type 2 DM,
and autoantibodies were not included in
the routine health examination, we did
not attempt to further categorize diabetic
subjects into subtypes in the current study.
All assays, including plasma glucose and
HbA1c, were performed with standardized
protocols and quality assurance in the same
laboratory of our university hospital.

Subjects with a new diagnosis of DM
were confirmed by further diagnostic
tests and specialist consultation in our
institute.

Systemic assessment of common
risk factors and DM complications
Diabetic subjects underwent evaluation of
diabetic and cardiovascular risk factors,
including smoking, alcohol consump-
tion, anthropometric measures (such as
BMI and waist circumference), hyperten-
sion, and hyperlipidemia. Also, they un-
derwent assessment of DM complications
of nephropathy and retinopathy. To eval-
uate the diabetic nephropathy, subjects
had a urine dipstick measurement, and
diabetic nephropathy was defined by the
presence of proteinuria $30 mg/dL (1+)
(17). To evaluate the diabetic retinopathy,
subjects underwent an eye ground exam-
ination with dilated pupils to verify the
presence of the typical lesions character-
izing diabetic retinopathy by experienced
ophthalmologists using direct/indirect
ophthalmoscopy (18). We did not evalu-
ate diabetic autonomic and peripheral
neuropathy in this study.

Noninvasive GI studies
Noninvasive GI studies included the 13C
UBT, i-FOBT, and blood hemoglobin
concentration. The measurements of
i-FOBT and blood hemoglobin concen-
trations were included as essential tests
in this program whereas the 13C UBT
was optional and under the discretion of
each subject. 13C UBT was used to diag-
noseH. pylori infection, and samples were
analyzed using an infrared spectrometer
with a cutoff value for a positive result
defined as a delta value of .3.5 units.
i-FOBT with 1-day stool sampling method
was administered to all participants who
then collected stool samples with one
brush-type sampler within 2 days before
bowel preparation started. They brought
collection tubes to the hospital on the
examination day, and stool samples
were sent to the laboratory within 24 h
and tested immediately. We used a com-
mercial kit for semiquantitative i-FOBT
(OC-Light; Eiken Chemical Co. Ltd.,
Tokyo, Japan) with a claimed cutoff
value of 50 ng/mL. This cutoff value
has been confirmed accurate in predicting
colon neoplasms (19) and has been con-
firmed cost effective (20). Low blood
hemoglobin concentration was defined
as blood hemoglobin concentration
,120 g/L in women and ,130 g/L in
men (19).

Same-day
esophagogastroduodenoscopy
and colonoscopy
Bidirectional endoscopies were per-
formed by a group of seven experienced
endoscopists using a standard esophago-
gastroduodenoscope and colonoscope in
the same session (19). Each endoscopist
had a minimum experience of 5,000 up-
per and lower endoscopies. During the
upper endoscopy, the esophagus, stom-
ach, and duodenum were carefully eval-
uated and all endoscopic findings were
meticulously recorded. Erosive esopha-
gitis was scored using the Los Angeles
classification system with standard com-
parator photos (21). Barrett’s esophagus
was confirmed by histological identifica-
tion of specialized columnar epithelium
with intestinal metaplasia. Hiatal hernia
was defined as a distance of at least 2 cm
between the esophagogastric junction
and the diaphragmatic hiatus. A gastric
or duodenal ulcer was defined as a mu-
cosa defect at least 0.5 cm in diameter
with a perceptible depth.We did not rou-
tinely screen or take biopsy under the
consideration of celiac disease or Giardia
infection because they were very rare in
our population (22).

During the colonoscopy, the scope
was first advanced into the cecum and
then withdrawn gradually for a careful
inspection. Gastric and colon neoplasms
(polyps) detected during endoscopy were
removed with a biopsy forceps or poly-
pectomy for pathological confirmation
and were classified according to World
Health Organization criteria (23). Ad-
vanced colonic neoplasms were defined
as lesions .10 mm in diameter, lesions
with a villous component, severe dysplas-
tic lesions, or lesions with invasive fea-
tures. Subjects who had more than one
colonic neoplastic lesion were classified
as having synchronous lesions. Hyper-
plastic polyps were not considered signif-
icant lesions in this study. Subjects with
an incomplete colonoscopy or poor
bowel preparation were excluded from
further analyses.

Statistical analysis
Subjects with a history or a new diagnosis
of DM comprised the diabetic group. All
other subjects were included in the non-
diabetic group for comparison. Continu-
ous data were expressed as the mean 6
SD and compared by Student t tests. Cat-
egorical data were expressed as percent-
age and analyzed by the Pearson x2 tests
or Fisher exact tests when appropriate.
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First, we compared the demographic
characteristics and prevalence rates of
subjective and objective GI manifesta-
tions between diabetic and nondiabetic
subjects, respectively. Second, to explore
the association between glycemic control
and various GI manifestations, we further
stratified the total study population into
three groups based on the HbA1c levels:
HbA1c ,5.5, 5.5# HbA1c ,6.0, and
HbA1c $6.0. We used Mantel-Haenszel
test to assess the linear trend between
groups stratified by HbA1c levels. Because
the current study did not collect the de-
tailed information about the onset and du-
ration of DM, we used the following three
comparisons in the prevalence rates of GI
manifestations to assess the effect of dia-
betic duration: 1) between subjects with
former and new diagnoses of DM, 2) be-
tween diabetic subjects with and without
medication control, and 3) between dia-
betic subjects with and without diabetes
complications. We believed the former
groups should have earlier onset and lon-
ger duration of DM.

To determine the independence and
magnitude of the contribution of DM and
HbA1c on the GI manifestations, we per-
formed multiple logistic regression
analyses by adjusting for the effects of
common risk factors. The results were ex-
pressed as adjusted odds ratios (ORs) and
95% CIs.

The relationship between diabetes
and the performance of noninvasive tests
was also evaluated using the stratified
analyses or the logistic regression analy-
ses. Statistical analyses were performed
using SPSS 16 (SPSS, Inc., Chicago, IL). A
two-tailed P value of ,0.05 was consid-
ered statistically significant.

RESULTS

Participant characteristics
Over a 12-month period, 9,095 subjects
received a medical examination in our
institute. After exclusion of those with in-
complete endoscopies or questionnaires
or a history of previous GI surgery, 7,770
cases comprised the study population
for final analysis. The study flow is shown
in Fig. 1.

Among all study subjects, 722 sub-
jects (9.3%) were diagnosed with DM.
Among them, 506 (70.1%) had a previous
diagnosis of DM or were under current
antidiabetic treatment and 216 (29.9%)
were newly diagnosed. The demographic
characteristics of the diabetic and nondia-
betic subjects are summarized in Table 1.

Compared with nondiabetic subjects, di-
abetic subjects tended to be older (61.2 vs.
51.4 years, P , 0.001), predominantly
male (68.0 vs. 55.8%, P , 0.001), and
had more comorbidities, including hyper-
tension, hyperlipidemia, and coronary ar-
tery disease.

GI symptoms stratified by DM
The prevalence rates of common GI
symptoms in the diabetic and nondiabetic

groups are also shown in Table 1. Overall,
the prevalence rates of GI symptoms,
including the presence of any GI (30.3
vs. 35.4%, P = 0.006), esophageal (8.3 vs.
10.1%, P = 0.120), upper GI (17.5 vs.
20.8%, P = 0.032), and lower GI symp-
toms (17.7 vs. 18.4%, P = 0.663), were
lower in diabetic subjects. Constipation
(10.5%) was the most frequently reported
GI symptom in the diabetic group, followed
by epigastric pain and acid reflux.

Figure 1dStudy flow of participants undergoing the various tests, including i-FOBT, 13C UBT,
upper endoscopy, and colonoscopy.
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Table 1dDemographic characteristics, medical/medication histories, GI symptoms, anthropometrics, and laboratory findings stratified
by the presence or absence of diabetes

Characteristics All subjects Diabetic subjects Nondiabetic subjects P value*

n (%) 7,770 (100) 722 (9.3) 7,048 (90.7)
Age (mean 6 SD), years 52.3 6 11.7 61.2 6 9.6 51.4 6 11.5 ,0.001
,30 211 (2.7) 2 (0.3) 209 (3)
30–39 945 (12.2) 7 (1.0) 938 (13.3)
40–49 2,031 (26.1) 74 (10.2) 1,957 (27.8)
50–59 2,642 (34.0) 251 (34.8) 2,391 (33.9)
60–69 1,376 (17.7) 246 (34.1) 1,130 (16.0)
$70 565 (7.3) 142 (19.7) 423 (6.0)

Male (%) 4,424 (56.9) 492 (68.0) 3,932 (55.8) ,0.001
Medical history
Hypertension (%) 1,285 (16.5) 360 (49.8) 1,225 (17.4) ,0.001
Diabetes (%) 424 (5.5) 424 (58.7) 0 (0.0) NA
Hyperlipidemia (%) 653 (8.4) 156 (21.6) 497 (7.1) ,0.001
Coronary artery disease (%) 105 (1.4) 37 (5.1) 68 (1.0) ,0.001
GERD (%) 981 (12.6) 90 (12.5) 891 (12.6) 0.953
Peptic ulcer disease (%) 1,255 (16.2) 116 (16.0) 1,139 (16.2) 0.958
Gastric neoplasm (%) 222 (2.9) 20 (2.7) 202 (2.9) 1.000
Colonic neoplasm (%) 1,050 (13.5) 131 (18.1) 919 (13.0) ,0.001

Medication history
Aspirin (%) 270 (3.5) 70 (9.7) 200 (2.8) ,0.001
NSAID (%) 188 (2.4) 37 (5.1) 151 (2.1) ,0.001
Diabetes drugs (%) 447 (5.8) 447 (61.9) 0 (0.0) NA
Acid-suppressive agents (%) 381 (4.9) 52 (7.2) 329 (4.7) 0.005

Social habits
Alcohol drinking (%) 359 (4.6) 37 (5.1) 322 (4.6) 0.514
Smoking (%) 934 (12.0) 100 (13.8) 834 (11.8) 0.118

Anthropometrics
BMI (mean 6 SD), kg/m2 24.1 6 3.3 25.6 6 3.6 23.9 6 3.3 ,0.001
Obesity (%) 1,348 (17.3) 244 (33.8) 1,104 (15.7) ,0.001
Waist circumference (mean 6 SD), cm
Male 88.1 6 8.1 90.9 6 9.8 87.7 6 8.4 ,0.001
Female 82.7 6 8.8 90.2 6 9.0 82.0 6 8.9 ,0.001

Glucose control
Fasting blood glucose (mean 6 SD), mg/dL 95.4 6 17.7 131.6 6 34.4 91.7 6 8.8 ,0.001
2-h postprandial blood glucose (mean 6 SD), mg/dL 126.2 6 47.2 209.9 6 72.6 117.6 6 33.4 ,0.001
HbA1c, % (mean 6 SD) 5.6 6 0.7 7.0 6 1.3 5.5 6 0.3 ,0.001

GI symptoms
Any GI symptom (%) 2,716 (35.0) 219 (30.3) 2,497 (35.4) 0.006
Esophageal symptoms (%) 774 (10.0) 60 (8.3) 714 (10.1) 0.120
Dysphagia 123 (1.6) 12 (1.7) 111 (1.6) 0.875
Acid reflux 701 (9.0) 56 (7.7) 645 (9.2) 0.220

Upper GI symptoms (%) 1,594 (20.5) 126 (17.5) 1,468 (20.8) 0.032
Epigastric pain syndrome 901 (11.6) 70 (9.7) 831 (11.8) 0.094
Postprandial distress syndrome 935 (12.0) 68 (9.4) 867 (12.3) 0.023

Lower GI symptoms (%) 1,424 (18.3) 128 (17.7) 1,296 (18.4) 0.663
Lower abdominal pain 262 (3.4) 15 (2.1) 247 (3.5) 0.045
Constipation 828 (10.7) 76 (10.5) 752 (10.7) 0.905
Diarrhea 532 (6.8) 51 (7.1) 481 (6.8) 0.809

Noninvasive GI tests
Positive 13C UBT (%) 579 (38.1) 68 (41.5) 511 (37.8) 0.358
Positive i-FOBT (%) 489 (6.3) 55 (7.9) 434 (6.3) 0.124
Low hemoglobin concentration (%) 556 (7.2) 59 (8.2) 497 (7.1) 0.268

Comparisons between quantitative data using Student t tests and categorical data using Pearson x2 tests or Fisher exact tests when appropriate. Obesity is defined as
a BMI$27 kg/m2. Low hemoglobin concentration is defined as hemoglobin concentration,120 g/L in women and,130 g/L in men. NA, not applicable; NSAID,
nonsteroid anti-inflammatory drug. *P , 0.05 indicates statistical significance.
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Endoscopic findings stratified by DM
Esophageal and gastroduodenal pa-
thologies. Significant endoscopic findings
from diabetic and nondiabetic subjects are
shown in Table 2. Erosive esophagitis,
mostly to a milder degree, was more fre-
quently detected in diabetic subjects (248
of 722 [34.3%] vs. 2,018 of 7,048 [28.6%],
P = 0.002). Barrett’s esophagus was also
more prevalent in diabetic subjects (4 of
722 [0.6%] vs. 6 of 7,048 [0.1%], P =
0.001). Diabetic subjects had a higher prev-
alence of PUD, including gastric ulcer and
duodenal ulcer, than nondiabetic subjects
(107 of 722 [14.8%] vs. 602 of 7,048
[8.5%], P, 0.001). The prevalence of gas-
tric neoplasms was also higher in the dia-
betic group (13 of 722 [1.8%] vs. 52 of
7,048 [0.7%], P = 0.003).
Colon pathologies. Colonic neoplasms
were more commonly found in the dia-
betic group (192 of 722 [26.6%] vs. 1,166
of 7,048 [16.5%], P , 0.001). For ad-
vanced colonic neoplasms, the prevalence
was also higher in the diabetic group (33
of 722 [4.6%] vs. 188 of 7,048 [2.7%], P =
0.003). There were also more synchro-
nous colonic neoplasms found in diabetic
subjects (78 of 722 [10.8%] vs. 304 of
7,048 [4.3%], P , 0.001). A total of 24
subjects (0.31%) in the study population

were found to have cancers arising from
the GI tract by endoscopy. Two diabetic
subjects were diagnosed as CRC, and 3, 7,
and 12 nondiabetic subjects were found
to have esophageal cancer, gastric cancer,
and CRC, respectively.

The effect of HbA1c

As shown in Table 3, the glycemic levels
in terms of HbA1c were associated with a
decrease in GI symptoms and an increase
in endoscopic abnormalities, including
erosive esophagitis, PUD, colonic neo-
plasms, as well as advanced and synchro-
nous colonic neoplasms.

Further analyses to evaluate the
effect of diabetic duration
New or former diagnoses of DM. In this
study, 70.1 and 29.9% of diabetic sub-
jects were newly and formerly diagnosed,
respectively. Between them, there was no
significant difference in the prevalence of
GI symptoms, upper endoscopic lesions,
or colonoscopic lesions (Supplementary
Table 1).
Use of diabetic medications. Among
diabetic subjects, 447 (61.9%) used dia-
betic medications, including oral hypo-
glycemic agents (98.2%) and/or insulin
(7.2%). Subjects who used antidiabetic

medication were older (62.3 vs. 59.4 years,
P , 0.001) and had lower HbA1c levels
(6.9 vs. 7.1%, P = 0.021) than those who
did not. The prevalence of GI symptoms
and endoscopic abnormalities was similar
between those with and without DMmed-
ications (Supplementary Table 2).
Presence of diabetes complications.
We further examined the association be-
tween the presence of diabetes complica-
tions and GI manifestations in diabetic
subjects. One hundred and two (14.1%)
diabetic subjects were found to have
nephropathy (n = 96) or retinopathy
(n = 9). There was no significant differ-
ence regarding the prevalence rates of GI
symptoms, erosive esophagitis, or PUD
between diabetic subjects with or without
diabetes complications. However, sub-
jects with diabetes complications had a
higher frequency of colonic neoplasms
(39.2 vs. 24.5%, P = 0.002), advanced
colonic neoplasms (10.8 vs. 3.5%, P =
0.001), and synchronous colonic neoplasms
(17.6 vs. 9.7%, P = 0.016) (Supplementary
Table 3).

Adjustment for common risk factors
Regarding the effect of sex, diabetic males
were associated with a higher prevalence
of erosive esophagitis (39.9 vs. 22.1%,
P, 0.001) and synchronous colonic neo-
plasms (12.8 vs. 6.5%, P = 0.011),
whereas diabetic females were associated
with a higher prevalence of lower GI
symptoms (23.8 vs. 14.9%, P = 0.003).

We further evaluated the association
between diabetes and GI manifestations
by adjusting for age, sex, smoking, alco-
hol consumption, BMI, acid-suppressive
agents, and antiplatelet drugs (aspirin and
nonsteroid anti-inflammatory drugs). We
found that DM was still associated with
less esophageal symptoms (adjusted OR
0.70 [95%CI 0.52–0.95]) and had higher
prevalence rates of Barrett’s esophagus
(4.01 [1.07–15.07]), PUD (1.31 [1.04–
1.66]), and synchronous colonic neo-
plasm (1.43 [1.09–1.89]) (Supplementary
Table 4). Increasing HbA1c levels were also
associated with duodenal ulcer (1.27
[1.22–1.44]) and synchronous colonic ne-
oplasms (1.24 [1.10–1.39]) (Supplemen-
tary Table 5).

Performance of noninvasive
GI studies
13C UBT. A total of 1,517 (19.5%) sub-
jects underwent 13C UBT; they were older,
predominantly male, and had more upper
GI symptoms (39.2 vs. 33.9%, P, 0.001)
and PUD (22.3 vs. 5.9%, P , 0.001)

Table 2dEndoscopic findings stratified by the presence or absence of diabetes

Characteristics All subjects
Diabetic
subjects

Nondiabetic
subjects P value*

n (%) 7,770 (100) 722 (9.3) 7,048 (90.7)
Esophageal findings
Hiatal hernia (%) 291 (3.7) 40 (5.5) 251 (3.6) 0.008
Erosive esophagitis (%) 2,266 (29.2) 248 (34.3) 2,018 (28.6) 0.002
Mild 2,172 (28.0) 233 (32.2) 1,939 (27.5)
Severe 94 (1.2) 15 (2.1) 79 (1.1)

Barrett’s esophagus (%) 10 (0.1) 4 (0.6) 6 (0.1) 0.001
Esophageal cancer (%) 3 (0.04) 0 (0.0) 3 (0.04) 1.000

Gastroduodenal findings
Peptic ulcer disease (%) 709 (9.1) 107 (14.8) 602 (8.5) ,0.001
Gastric ulcer 473 (6.1) 72 (10.0) 401 (5.7) ,0.001
Duodenal ulcer 295 (3.8) 49 (6.8) 246 (3.5) ,0.001

Gastric neoplasm (%) 65 (0.8) 13 (1.8) 52 (0.7) 0.003
Gastric cancer (%) 7 (0.1) 0 (0) 7 (0.1) 1.000

Colonic findings
Colonic neoplasm (%) 1,358 (17.5) 192 (26.6) 1,166 (16.5) ,0.001
Advanced colonic neoplasm (%) 221 (2.8) 33 (4.6) 188 (2.7) 0.003
Synchronous colonic neoplasm (%) 382 (4.9) 78 (10.8) 304 (4.3) ,0.001

Colon cancer (%) 14 (0.2) 2 (0.3) 12 (0.2) 0.379
Any of GI cancers 24 (0.3) 2 (0.3) 22 (0.3) 0.871

Comparisons using Pearson x2 or Fisher exact tests when appropriate. Erosive esophagitis with Los Angeles
classification grade A or B is classified as a mild degree and grade C or D is a severe degree (21). Advanced
colonic neoplasms are defined as lesions .10 mm in diameter, lesions with a villous component, severe
dysplastic lesions, and/or lesions with invasive features. Synchronous colonic neoplasms are defined as more
than one neoplasm in the colon. *P , 0.05 indicates statistical significance.
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(Supplementary Table 6). The participa-
tion rate of 13C UBT was higher in the di-
abetic group than in the nondiabetic
group (22.7 vs. 19.2%, P = 0.023),
whereas the prevalence rates of H. pylori
infection were similar between them (41.5
vs. 37.8%, P = 0.358). Focusing on sub-
jects with H. pylori infection, the preva-
lence rates of upper GI symptoms (19.1
vs. 19.6%, P = 0.930) and PUD (36.8 vs.
30.9%, P = 0.330) were similar between
diabetic and nondiabetic groups (Supple-
mentary Table 7). For subjects using anti-
platelet drugs, the prevalence rates of
erosive esophagitis (27.7 vs. 29.3%, P =
0.755) and PUD (19.8 vs. 14.1%, P =
0.161) were similar between diabetic and
nondiabetic groups.
i-FOBT. The positivity of i-FOBT in di-
abetic subjects was not significantly dif-
ferent from that in nondiabetic subjects
(8.8 vs. 6.5%, P = 0.154). Using the colo-
noscopicfindings as the reference standard,
we evaluated the diagnostic performance of
i-FOBT, in terms of sensitivity, specificity,
positive predictive value, negative predic-
tive value, positive likelihood ratio, and
negative likelihood ratio, in both groups.
The overall diagnostic accuracy of i-FOBT

in the prediction of colonic neoplasms
(70.7 vs. 81.7%, P , 0.001), advanced
colonic lesions (89.4 vs. 92.6%, P =
0.003), and synchronous lesions (84.1 vs.
91.1%, P , 0.001) was significantly de-
creased in the diabetic group (Supple-
mentary Table 8). Knowing that the use
of antiplatelet drugs may affect the perfor-
mance of i-FOBT (19), we performed ad-
ditional logistic regression analyses to
evaluate whether the effect of DM on the
test performance had been confounded by
the use of antiplatelet drugs (Supplemen-
tary Table 9). The results showed that both
the diagnosis of DM and the use of anti-
platelet drugs were significantly associated
with a lower specificity. There was no sta-
tistically significant interaction between
them. For subjects using antiplatelet
drugs, the prevalence rates of colon neo-
plasms (22.8 vs. 22.0%, P = 0.869) were
similar between diabetic and nondiabetic
groups.
Low blood hemoglobin concentration.
The prevalence rates of low blood hemo-
globin concentration were similar between
diabetic and nondiabetic subjects (8.2 vs.
7.1%, P = 0.268). Subjects with colon can-
cer (OR 9.82 [95% CI 3.40–28.40]) were

more likely to have a low blood hemoglo-
bin concentration whether they were di-
abetic or not. However, the low blood
hemoglobin concentration could not pre-
dict the presence of erosive esophagitis,
PUD, gastric neoplasm, or colonic polyps.

CONCLUSIONSdPrevious research
has reported a high prevalence of upper
GI diseases in DM, including GERD and
PUD (10,24,25). Diabetic angiopathy and
frequent use of antiplatelets may impair
the integrity of GI mucosa and result in
ulcer formation (26). Moreover, diabetes
complications and poor glycemic control
measured by HbA1c were independent
risk factors for upper GI symptoms (27).
In the current study, however, we found
that the GI symptoms, especially those of
an upper GI origin, were less reported by
diabetic subjects when compared with
nondiabetic control subjects. We also
showed an inverse relationship between
glycemic control and most GI symptoms.

Of note, most of the subjects with
erosive esophagitis or PUD in our study
population were asymptomatic, which
was consistent with the results of previous
studies in Taiwan (28). Moreover, severe
acute gastric inflammation or ulcer dis-
ease could occur in diabetic patients
with little or no dyspeptic symptoms
(10). The exact cause of the obscuremani-
festations of these GI pathologies in DM
remains unclear. An overall hyposensitiv-
ity due to visceral neuropathy, altered
central processing to visceral stimulation,
and frequent antiplatelet use in diabetic
patients has been suggested (5,28,29).
Recent studies further demonstrated a re-
duced density and abnormal morphology
of gastric mucosal nerve fibers in both
type 1 and type 2 diabetic subjects
(30,31). As chronic GERD is associated
with the development of Barrett’s esoph-
agus and esophageal adenocarcinoma,
untreated peptic ulcers due to unaware-
ness may be complicated by GI hemor-
rhage or perforation (32) and further
increase mortality (33).

Epidemiological studies have re-
ported a close relationship between DM
and the incidence of adenomatous polyps
and invasive CRC (34). Insulin resistance
and subsequent hyperinsulinemia play a
critical role in the well-known adenoma-
carcinoma sequence (35). In the current
study, although the prevalence of lower
GI symptoms was similar between dia-
betic and nondiabetic subjects, colonic
neoplasms, including advanced and syn-
chronous lesions, were more commonly

Table 3dGI symptoms and endoscopic findings stratified by HbA1c levels

Characteristics HbA1c ,5.5 5.5# HbA1c ,6.0 HbA1c $6.0
P value*
for trend

n (%) 3,274 (42.1) 3,346 (43.1) 1,150 (14.8)
Age (mean 6 SD), years 48.0 6 11.6 54.2 6 10.8 59.5 6 9.7
Male (%) 1,662 (50.8) 2,008 (60.0) 753 (65.5)
GI symptoms
Any GI symptom (%) 1,234 (37.7) 1,113 (33.3) 369 (32.1) ,0.001
Esophageal symptom (%) 322 (9.8) 329 (9.8) 123 (10.7) 0.498
Upper GI symptoms (%) 757 (23.1) 632 (18.9) 205 (17.8) ,0.001
Epigastric pain syndrome 413 (12.6) 370 (11.1) 118 (10.3) 0.014
Postprandial distress
syndrome 448 (13.7) 368 (11.0) 119 (10.3) ,0.001

Lower GI symptom (%) 672 (20.5) 552 (16.5) 200 (17.4) 0.001
Endoscopic findings
Erosive esophagitis (%) 785 (24.0) 1,065 (31.8) 414 (36.0) ,0.001
Peptic ulcer disease (%) 235 (7.2) 308 (9.2) 166 (14.4) ,0.001
Gastric ulcer 154 (4.7) 217 (6.5) 102 (8.9) ,0.001
Duodenal ulcer 99 (3.0) 116 (3.5) 80 (7.0) ,0.001

Gastric neoplasm (%) 23 (0.7) 28 (0.8) 14 (1.2) 0.120
Colonic neoplasm (%) 462 (14.1) 606 (18.1) 290 (25.2) ,0.001
Advanced colonic
neoplasm (%) 74 (2.3) 95 (2.8) 52 (4.5) ,0.001

Synchronous colonic
neoplasm (%) 97 (3.0) 174 (5.2) 111 (9.7) ,0.001

The Mantel-Haenszel test is used for testing the linear trend. Upper GI symptoms are categorized into epi-
gastric pain syndrome and postprandial distress syndrome based on the Rome III criteria (15). Advanced
colonic neoplasms are defined as lesions .10 mm in diameter, lesions with a villous component, severe
dysplastic lesions, and/or lesions with invasive features. Synchronous colonic neoplasms are defined as more
than one neoplasm in the colon. *P , 0.05 indicates statistical significance.
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found in the diabetic group (26.6 vs.
16.5%, P , 0.001), which is in good
agreement with a recent study showing
increasing incidence of adenomatous
polyps with increasing quartiles of
HbA1c (36).

Strengths of the current study include
the large sample size of subjects recei-
ving a complete GI and diabetic work-up.
Nevertheless, our study may have limita-
tions. First, as our program was self-
referred and self-funded,we cannot exclude
the possibility that our participants might
not readily represent a community pop-
ulation. Nonetheless, our prevalence rates
of DM (9.3%) and diabetic nephropathy
(13.3%) were indeed consistent with
those from community-based surveys
(37,38). Second, although we performed
further analyses to evaluate the effect of
diabetic duration, the actual onset and
duration of DM was difficult to be ascer-
tained without a carefully designed ques-
tionnaire. Using a group of subjects more
representative of the general population,
the severity/prevalence of DM complica-
tions (e.g., retinopathy) may be lower
than previously reported, and the effect of
DM complications on GI manifestations
may have been underestimated. Third,
the regimen of oral hypoglycemic agents
was not specified, and these drugs, such as
metformin and a-glucosidase inhibitors,
might be associated with GI symptoms.
However, we might have also underesti-
mated our findings that diabetic subjects
indeed had discrepant GI manifestations.
Fourth, GI symptoms tend to be recurrent/
relapsing and the control of sugar in terms
of HbA1c was also fluctuating so that our
study could not evaluate their causal re-
lationship without a longitudinal study
design. Finally, the cost and benefit is a
relevant concern in the current economy
of escalating health costs and utilization
disparity. Knowing that the endoscopic
resource may be constrained and the ben-
efit for primary endoscopic screening of
GI diseases remains unclear, we exten-
sively evaluated the noninvasive tests in
order to better translate our findings to
clinical diabetes care. We confirmed that
performance of 13C UBT and the relation-
ship betweenH. pylori and GI lesions were
not affected byDM. The use of lower blood
hemoglobin concentration as a marker to
predict GI lesions was not justified. FOBT
has been found to be cost effective in re-
ducing the risk of CRC and CRC-related
deaths (39); however, we found that the
specificity of i-FOBT was lower in diabe-
tic subjects, which could not be simply

explained by their more frequent use of
antiplatelet drugs. We speculated that
the diabetic angiopathy, similar to the
use of antiplatelet drugs (19,40), might
lead to a higher risk of small bowel
bleeders. This hypothesis requires further
investigation.

In conclusion, we found that DM and
higher levels of glucose control are as-
sociated with a lower prevalence of GI
symptoms but a higher prevalence of en-
doscopic abnormalities. Such discrepant
GI manifestations highlight the realistic
situation of frequent under-recognition
of GI complications in diabetic subjects.
Efforts toward better glycemic control
and early detection of related GI diseases
to prevent the development of late com-
plications in the diabetic population are
warranted.
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