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Clinical Manifestations
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Abbreviations

BE  Barrett’s esophagus
GEPG  Gastroesophageal pressure gradient
GERD  Gastroesophageal reflux disease
GI  Gastrointestinal
HAART  Highly active antiretroviral therapy
HIV  Human immunodeficiency virus
ICC  Interstitial cells of Cajal
LES  Lower esophageal sphincter
LPR  Laryngopharyngeal reflux
NSAID  Nonsteroidal anti-inflammatory drug
PUD  Peptic ulcer disease
TNF  Tumor necrosis factor

 Esophageal Dysmotility

 Clinical Features

Esophageal dysmotility in the setting of diabetes is clinically important because it 
may be associated with delayed transit of meals and orally administered medica-
tions to the stomach. As a consequence, esophageal dysmotility may be associated 

A. Oglat · E. M. M. Quigley (*) 
Lynda K. and David M. Underwood Center for Digestive Disorders, Division of 
Gastroenterology and Hepatology, Houston Methodist Hospital, Houston, TX, USA
e-mail: equigley@houstonmethodist.org

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-75856-5_5&domain=pdf
https://doi.org/10.1007/978-3-319-75856-5_5
mailto:equigley@houstonmethodist.org


66

with changes in the absorption of oral drugs, including hypoglycemic agents, and 
the delayed transit of tablets or capsules may lead to increased risk of mucosal 
ulceration [1]. In addition, symptoms directly related to dysmotility may be severe 
and can substantially compromise quality of life. These symptoms include heart-
burn, chest pain, odynophagia, and dysphagia. However, many are asymptomatic 
and dysmotility is noted as an incidental finding [2]; the clinical impact of asymp-
tomatic esophageal dymotility remains uncertain but could certainly contribute to 
the development and severity of gastroesophageal reflux disease (GERD) [3]. Many 
patients with esophageal dysmotility do not have localizing symptoms to the esoph-
agus and describe symptoms that may be interpreted to originate from the stomach. 
This discrepancy between observed findings and reported symptoms is thought to 
be related to disordered esophageal perception through afferent pathways affected 
by autonomic dysfunction [4, 5]. The extent to which these symptoms correlate with 
abnormalities in GI motility remains to be elucidated [5].

 Pathophysiology

Traditionally, esophageal motility disorders were thought to be based primarily on 
autonomic neuropathy, a known complication of diabetes that can involve any seg-
ment of the gastrointestinal tract, including the esophagus [6, 7]. The pathogenesis 
of upper gastrointestinal dysfunction is now thought to be multifactorial and while 
it certainly includes autonomic dysfunction impacting on motor and sensory func-
tion, it also appears to involve structural and functional changes in interstitial cells 
of Cajal, alterations in enteric neuroendocrine function, the impacts of a low-grade 
chronic inflammatory state, visceral hypersensitivity, decreased nitric oxide syn-
thase expression, and changes in nitrergic neurotransmission, as well as mural fibro-
sis and changes in wall compliance in the setting of microvascular damage [6–9]. 
For example, distension has been shown to provoke an exaggerated and uncoordi-
nated motor response in diabetes and both autonomic neuropathy and structural 
changes in the esophageal wall with increased thickening of the mucosal and sub-
mucosal layers were thought to contribute [10]. These latter findings, which impact 
on esophageal wall function, may reflect disturbed remodeling [11]. It is also pos-
sible that changes in the central nervous system might contribute—this will cer-
tainly be the case if cerebrovascular events have occurred [12].

 Clinical Correlations

Prior studies have documented abnormal esophageal manometry in 46–63% of dia-
betic patients [4, 5]. Gustafsson and colleagues found no difference in the prevalence 
of dysmotility between males and females or between those with type I or type II 
diabetes [13]. However, the occurrence of dysmotility does correlate with the 
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duration of diabetes [1, 13, 14] with the amplitude of esophageal peristaltic waves 
and the frequency of effective peristalsis being significantly lower in patients with 
longer duration of diabetes [1]. Of the various complications of diabetes, the only one 
that has been found to correlate with the presence of esophageal dysmotility is reti-
nopathy [5, 13]. Esophageal dysmotility can occur with, or independent of, diabetic 
peripheral neuropathy [3, 13] and its relationship with gastroparesis, surprisingly, is 
also unclear [4, 13]. Though there is limited data, it does not appear that, at least in 
the short term, poor glycemic control predisposes to esophageal dysmotility [13].

Dysmotility will impair transit [14] and, while such impaired transit has implica-
tions for esophageal stasis, it does not appear to be a sensitive marker of generalized 
diabetic gastroenteropathy [15]; again reflecting the apparently poor correlation 
between esophageal dysmotility and other gastrointestinal motor disorders in 
diabetes.

 Manometric Findings

A number of abnormalities have been demonstrated on conventional and high-reso-
lution manometry. Of the various findings described, multi-peaked/multiphasic con-
tractions have been the most consistent [5, 13, 16]. Their occurrence has been 
attributed to disturbed autonomic input to the esophagus with a relative loss of non-
cholinergic input and a resultant hypersensitivity to acetylcholine [17]. Other find-
ings have included higher intra-bolus pressure and inhibition of contractile activity 
on repeated swallows on high-resolution manometry [18], impaired amplitude of 
peristalsis and ineffective peristalsis [1], and a trend toward an increased incidence 
of primary esophagogastric outflow obstruction [5].

In one of the most detailed studies, Gustafsson and colleagues defined dysmotil-
ity as the presence of one or more of the following on manometry [13]:

• Absence of peristaltic contractions (aperistalsis >0%)
• Mean esophageal peristaltic contraction amplitude <30 or >200 mmHg
• >10% simultaneous, non-propulsive peristaltic waves
• Speed of the peristaltic wave <3 or >6 cm/s in the distal esophagus
• Lower esophageal sphincter (LES) resting pressure <10 or >30 mm Hg

Based on these criteria, esophageal dysmotilty was identified in 66% of type I 
and 61% of type II diabetics among their diabetic population [13].

 Conclusions

Though apparently common in diabetes, the clinical significance of esophageal dys-
motility is unclear. Often an incidental finding and correlating poorly with both 
other motility disorders and diabetic complications, its true impact remains to be 
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defined in prospective studies. Nevertheless, some affected individuals are symp-
tomatic and it also seems likely that the deficits in peristaltic function which seem 
to be common in diabetes could exacerbate esophageal injury and symptoms related 
to gastroesophageal reflux.

 Gastroesophageal Reflux Disease and Diabetes

 Definition and Clinical Presentation

Gastroesophageal reflux disease (GERD) is defined on the basis of characteristic 
symptoms and/or esophageal mucosal injury associated with the abnormal reflux of 
gastric contents into the esophagus [19]. Complications of GERD include erosive 
esophagitis, esophageal stricture, and Barrett’s esophagus (BE); the latter being a 
major risk factor for esophageal adenocarcinoma.

The cardinal symptoms in GERD patients are heartburn and regurgitation. These 
symptoms may be severe and, thereby, impact substantially on quality of life [20]. 
There is some evidence that GERD-related symptoms may differ between diabetics 
and nondiabetics and that atypical manifestations of GERD may be more prevalent 
among diabetic patients than among GERD sufferers in the general population. For 
example, dysphagia and globus sensation have been documented to occur more 
frequently among type II diabetics with GERD [21]. On the other hand, heartburn 
was more prevalent among nondiabetics suggesting, perhaps, that the presence of 
autonomic neuropathy in diabetics may prevent the development of hypersensitivity 
to acid reflux [21]. Altered pain perception resulting from diabetic neuropathy may 
also account for higher rates of asymptomatic erosive esophagitis among diabetics 
[22].

 Prevalence

The prevalence of gastroesophageal reflux disease (GERD) in the United States and 
other Western nations has increased steadily over the past 20 years [23]. Given that 
both GERD and diabetes have increased in prevalence globally over the same time 
period, there has been considerable interest in a possible causative role for diabetes 
in the pathogenesis of GERD [22].

However, an examination of the available literature reveals conflicting data on 
the prevalence of GERD in diabetic patients. Two large population-based studies 
utilizing, on the one hand, the Norwegian health survey [24] and, on the other, the 
United Kingdom General Practice Research Database [25] concluded that the prev-
alence of GERD was not significantly increased in diabetic patients. A cross-sec-
tional survey among patients with type II diabetes from Korea came to similar 
conclusions and also noted that the occurrence of GERD in diabetes was not asso-
ciated with autonomic neuropathy, age, or duration of diabetes [26]. Other studies, 
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in contrast, had suggested that there was a higher prevalence of abnormal acid 
reflux [27] and GERD symptoms [28–30] among those with diabetes. However, 
these studies involved selected populations and may not have controlled for obe-
sity, an independent risk factor for GERD [31], as well as diabetes. A cross-sec-
tional study from Japan among 847 patients with type 2 diabetes reported an overall 
prevalence of GERD of 31.5% and found that younger age was a significant pre-
dictive factor [32].

A recent meta-analysis of nine studies (one conducted in America, one in Europe, 
and seven in Asia) involving 9067 cases and 81,968 controls identified a significant 
association between diabetes and risk for GERD [33]. As noted in individual studies 
from China [34], this association was most pronounced in the Asian studies [33] 
which contrasts with a systematic review based on studies performed in primary care 
in the United Kingdom which failed to describe this association [35]. In general, the 
prevalence of GERD increases with age [23], as does the prevalence of type II dia-
betes; revealing another confounding factor—age. Ethnicity may also be a factor—
in the United States, GERD prevalence was 41.5% among urban African Americans 
with diabetes in comparison to 20.6% among those without diabetes; among those 
with diabetes, GERD was much more common in men than in women [36].

In contrast to a somewhat inconsistent association with GERD, in general, the 
association between diabetes and Barrett’s esophagus seems more reproducible. 
Iyer and colleagues found that type II diabetes was associated with Barrett’s esopha-
gus independent of obesity, cigarette smoking, and GERD [37], and Drahos and 
colleagues using the same database found a marginally increased risk for BE in the 
absence of GERD among those with the metabolic syndrome [38] which of course 
includes type II diabetes mellitus. This latter observation is somewhat in keeping 
with the findings of Rubenstein and colleagues who, though noting an inverse rela-
tionship between diabetes and BE, described direct correlations between insulin and 
leptin levels in the serum and BE, suggesting that it was the metabolic syndrome 
and, not diabetes, that was the link [39]. Interestingly, Drahos and colleagues also 
found that there was no increased risk for esophageal adenocarcinoma among those 
with diabetes [38], a finding that was confirmed in a study from Taiwan [40] but not 
in a study in the Veterans Administration in the USA [41]. In the latter, an associa-
tion of diabetes with esophageal adenocarcinoma was independent of obesity; these 
authors also failed to identify an increased risk for GERD, in the absence of adeno-
carcinoma, in their predominantly male population [41].

In the single study where it was addressed [42], the prevalence of laryngopharyn-
geal reflux (LPR) was not significantly increased among patients with type 2 
diabetes.

 Pathophysiology of GERD in Diabetes

Obesity is not only a risk factor for GERD and its complications but also results in 
anatomical and physiological changes at the gastroesophageal junction that predis-
pose to and perpetuate pathological acid reflux [43, 44]. These include the 

5 Clinical Manifestations



70

development of hiatal hernias, an increase in the gastroesophageal pressure gradient 
(GEPG), and the induction of transient lower esophageal sphincter relaxations [43, 
44]. In addition, diabetes-induced morphodynamic and biomechanical esophageal 
remodeling (referred to in the prior section on esophageal dysmotility) has also 
been proposed to predispose to GERD [45]. Though direct correlations have not 
been made, it seems likely that the high prevalence of esophageal dysmotility [4, 5, 
13] and impaired transit [14, 15] reported in diabetes will impair esophageal clear-
ance and, thereby, increase the duration of acid exposure time and promote esopha-
geal injury. Obesity and the metabolic syndrome are also pro-inflammatory disorders 
and as such could promote carcinogenesis.

A prospective study of diabetic patients with GERD undergoing bariatric surgery 
showed that, among patients with morbid obesity, there was an inverse relationship 
between glycemic control and GERD in that very poor glycemic control correlated 
with less severe heartburn and lower esophageal acid exposure [46]. Those with 
poor glycemic control were less likely to have a hiatal hernia [46]. One could also 
propose that alterations in visceral sensitivity related to the effects of hyperglycemia 
on neural sensitization might lead to a decrease in the perception of heartburn in 
patients with very poor glycemic control.

Acute erosive esophagitis has been reported as a complication of severe diabetic 
ketoacidosis in a child; presumably resulting from repeated vomiting [47].

 Conclusions

While a pathophysiological basis for the development of GERD in diabetes can be 
proposed, the true prevalence of GERD in diabetes remains unclear [2]. Obesity, 
advancing age, and ethnicity as well as other factors confound the interpretation of 
many studies but, overall, the increase risk for GERD in diabetes over the general 
population seems to be small. Nevertheless, there does seem to be a true association 
between diabetes and Barrett’s esophagus, if not esophageal adenocarcinoma.

 Esophageal Candidiasis

The prevalence of candida esophagitis is changing in an era of highly active antiret-
roviral therapy (HAART) and is becoming more prevalent in today’s rapidly aging 
society among nonhuman immunodeficiency virus (HIV)-infected patients. 
Traditionally, individuals with diabetes were thought to be at higher risk for oral or 
esophageal candidiasis caused by Candida albicans. Poor glycemic control was 
thought to create favorable conditions for the yeast to grow, increasing the risk of 
fungal infection. Esophageal candidiasis symptoms include odynophagia, dyspha-
gia with solids, avoidance of oral intake, epigastric pain, heartburn, and nausea [2]. 
The presence of odynophagia in combination with oral thrush is highly predictive of 
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esophageal involvement. When severe, esophageal candidiasis may result in com-
plications such as hemorrhage, stenosis, and esophagotracheal fistula. The severity 
of candida esophagitis may be predicted based on presenting symptoms. Thus, 
Asayama and colleagues found that odynophagia was an independent predictor of 
severe (Kodsi endoscopic grades III/IV) candida esophagitis in their study of over 
1800 patients. Such strategies may help to identify those at greatest risk for this 
opportunistic infection and thus avoid the costs involved when employed in 
unselected populations while ensuring prompt diagnosis and treatment of high-risk 
individuals [48].

Despite long-held opinion and pathophysiological plausibility, the true risk for 
esophageal candidiasis in diabetes remains unclear. For example, a recent endo-
scopic survey of esophagitis and associated risk factors in over 80,000 patients with 
or without HIV infection failed to define a significant association with diabetes mel-
litus [49]. It is possible that the past association owed much to poor diabetic 
control.

 Diabetic Gastroparesis

 Definition and Clinical Presentation

Gastroparesis is characterized by abnormally delayed gastric emptying and symp-
toms in the absence of mechanical obstruction [50]. Gastroparesis can occur as a 
complication of virtually any disease process that has the capacity to induce neuro-
muscular dysfunction and is, therefore, linked to host of neurological, inflamma-
tory, and endocrinological disorders [51–53]. The most common etiologies of 
gastroparesis are idiopathic, diabetes, and surgical damage to the vagal nerves and 
stomach [51]. Gastroparesis is one of the most well-studied and investigated gastro-
intestinal complications of diabetes mellitus.

The presentation of diabetic gastroparesis is highly variable and extends all the 
way from being asymptomatic, in the face of a demonstrated delay in gastric empty-
ing rate, to being unable to tolerate any oral intake due to intractable nausea and 
vomiting.

There is relatively little information on the natural history of the disease. While 
clinical experience suggests that symptoms and their impact are progressive with 
relatively minimal symptoms early in the course of the disease, one study from the 
Adelaide group that examined the clinical course of gastroparesis over a 12-year 
period found little evidence for progression in either symptoms or gastric emptying 
delay over this time period [54]. A subsequent study from the same groups over a 
25-year period also described a favorable prognosis with gastroparesis not being 
associated with increased mortality [55]. The National Institute of Diabetes and 
Digestive and Kidney Diseases Gastroparesis Clinical Consortium followed patients 
with type 1 and type 2 diabetes and gastroparesis for 4 years and noted, first, that at 
baseline symptoms were similar in both groups despite the fact that gastric emptying 
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delay was greater and diabetic control inferior in type 1 patients. Second, symptoms 
improved in type 2 patients but not in type 1 patients, despite intensive therapy [56]. 
These latter observations are more reflective of the tertiary referral experience men-
tioned above and underscore, yet again, the disparity between studies performed in 
such centers and in the community. Referral bias with a concentration of the most 
severely affected patients with multiple comorbidities in referral centers may 
account for our negative impression of the outlook for those diabetics affected by 
gastroparesis. Typical symptoms include nausea, vomiting, early satiety, postpran-
dial fullness, bloating, and upper abdominal pain or discomfort [50, 57, 58]. Nausea 
is very common, occurring in virtually all symptomatic patients and may be espe-
cially distressing and impact very negatively on quality of life [59]. The problem 
with these symptoms is, first, their non-specificity—a similar constellation of symp-
toms may be experienced by those with gastroesophageal reflux disease, peptic ulcer 
disease, functional dyspepsia, and irritable bowel syndrome to name but a few. Most 
challenging is the distinction between functional dyspepsia, a very common disor-
der in the general population [60], and gastroparesis; they share a virtually identical 
symptomatology and anywhere from 25–30% of patients with functional dyspepsia 
will demonstrate an, albeit mild, delay in gastric emptying [60–63]. The second 
problem lies in the relatively poor predictive value of these symptoms for delayed 
gastric emptying, or, indeed, any other disorder of gastric neuromuscular function 
[50]. Thus, rapid emptying may result in similar symptoms and gastric retention 
may be asymptomatic in others, possibly due to afferent dysfunction consequent on 
vagal denervation [64]. Of the various symptoms listed above, early satiety and post-
prandial fullness are not only common but seem to correlate well with gastric emp-
tying delay and results of a water load test [65].

Psychological distress is common among subjects with diabetic gastroparesis, 
appears to be equally common and severe in diabetic and idiopathic gastroparesis, 
and is a major driver of symptom severity regardless of gastric emptying rate [66]. 
This observation should encourage great care in the assessment of symptoms in this 
patient population and, in particular, promote restraint in proposing therapeutic 
strategies that seek to promote gastric emptying. Not surprisingly, comorbid depres-
sion, as well as pain as a prominent symptom, is a poor prognostic indicator [67].

In a study comparing symptoms between those with diabetic and idiopathic gas-
troparesis, vomiting alone was more prevalent (and more severe) among those with 
diabetic gastroparesis; symptom severity was otherwise similar between to two 
groups [59].

The other major clinical issue is the impact of gastroparesis on diabetic control 
and nutrition. Relationships between blood sugar levels and gastric emptying are 
complex. On the one hand, taking insulin in conjunction with a meal that is then not 
emptied will result in hypoglycemia; conversely, hyperglycemia delays gastric 
emptying [68]. Diabetic patients, therefore, associate episodes of gastroparesis with 
both hypo- and hyperglycemia [69]. Protracted nausea and vomiting will also dis-
rupt fluid and electrolyte balance—it is no surprise, therefore, that severe exacerba-
tions of gastroparesis are often associated with diabetic ketoacidosis and precipitate 
recurrent hospital admissions. Caloric intake is also compromised and deficiencies 
in essential minerals and vitamins will ensue [70].
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 Prevalence

The prevalence of gastroparesis is difficult to estimate due to the aforementioned 
weak correlation between symptoms associated with gastroparesis (nausea, vomit-
ing, postprandial fullness, early satiety, bloating, and abdominal pain) and gastric 
emptying as well as their non-specificity [60–62]. In addition, it is not clear what 
proportion of diabetic patients with gastroparesis actually seek health care and 
undergo formal testing of gastric emptying rate [71]. Most studies on the epidemiol-
ogy of gastroparesis have come from tertiary referral centers utilizing hospital-
based databases rather than being based on the general population; not surprisingly, 
reports from tertiary academic medical centers report high prevalence rates for gas-
troparesis approximating 40% for type 1 diabetics and ranging from 10 to 20% for 
type 2 diabetics (10–20%), which is expected to be much higher than the general 
population [50, 72]. Gastroparesis is, indeed, relatively rare in the general 
population.

In the community-based study from Olmsted County, Minnesota, USA, the age-
adjusted annual incidence of gastroparesis, defined as typical symptoms for more 
than 3 months and delayed gastric emptying by standard scintigraphy, was 2.4 per 
100,000 for men and 9.8 per 100,000 for women [71]. One plausible explanation for 
the fourfold gender difference is that gastric emptying is, on average, slower in 
females [73]. Animal studies suggest that diabetes affects the enteric nervous sys-
tem and, particularly, nitrergic nerves, to a greater extent in females than in males 
which may also contribute to the greater vulnerability of females to diabetic gastric 
dysfunction [74]. In a second study from Olmsted County, the cumulative rates of 
gastroparesis over a 10-year time period was 4.8% in type I diabetes, 1% in type 2 
diabetes, and 0.1% among nondiabetic individuals in the general population [75]. 
The risk of developing gastroparesis among subjects with type 1 DM was, accord-
ingly, increased 30-fold, in comparison to eightfold, relative to age- and sex-matched 
controls, among those with type 2 diabetes [75]. The incidence of gastroparesis, in 
diabetes, increases with age and duration of diabetes [69].

The economic impact of gastroparesis-related hospitalizations is significant and 
on the increase. In the United States, hospitalizations with gastroparesis as the pri-
mary diagnosis increased by 158% between 1995 and 2004 [76].

 Pathophysiology

In addition to the long-established role of autonomic neuropathy, the pathophysiol-
ogy of diabetic gastroparesis has recently been shown to be associated with defects 
at a cellular level in the gastric neuromuscular apparatus. Innovative endoscopic 
techniques now permit biopsies of gastric muscle and permit the identification of 
myenteric neurons and interstitial cells of Cajal [77]. This has opened the way to 
detailed studies of gastric neuromuscular pathology and ultrastructure in gastropa-
resis. Among the most frequently described abnormalities is damage to, or loss of, 
interstitial cells of Cajal (ICCs) in the stomach associated with an increase in CD45 
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and CD68 immunoreactivity, suggesting that cell loss might be a result of inflamma-
tion [78]; a process that may be a consequence of loss of anti-inflammatory macro-
phages [79] and could be mediated by the pro-inflammatory cytokine tumor necrosis 
α (TNFα) [80]. Though ICC loss occurs in both idiopathic and diabetic gastropare-
sis, there are differences between the ultrastructure of smooth muscle and nerve 
cells between these patient groups [81]. Furthermore, loss of ICCs has been shown 
to correlate with gastric emptying delay but not symptoms, with the latter being 
more closely linked to the presence of an immune infiltrate in the myenteric plexus 
[82]. Nitrergic neurons are also affected in diabetic gastroparesis [83–86]; a defect 
that may have a genetic basic in some subjects [86]. From a therapeutic point of 
view, it is interesting to note that both insulin [85] and the anti-inflammatory cyto-
kine inteleukin-10 have been shown, in separate studies, to restore ICCs and nor-
malize gastric electrical activity and emptying in an animal model of diabetes [87].

Very recently, there has been considerable interest in the contribution of pyloric 
dysfunction to gastroparesis and gastroparesis-type symptoms in diabetes. This will 
be explored further in Chap. 7.

 Accelerated Gastric Emptying

Rapid gastric emptying, also known as the dumping syndrome, is associated with an 
accelerated passage of undigested food into the small intestine [88]. It may occur as 
a consequence of various surgical procedures in the upper gastrointestinal tract but 
has also been described in association with type 2 diabetes [89–91], functional dys-
pepsia, autonomic dysfunction, and gastrin-secreting tumors [88]. The usual symp-
toms include abdominal discomfort, nausea with or without vomiting, in addition to 
diarrhea, sweating, abdominal cramps, and dizziness. Symptoms are, therefore, 
often indistinguishable from those of delayed gastric emptying, which makes a 
diagnosis on the basis of symptoms alone difficult [50, 72, 89–91]. However, in type 
2 diabetes, in contrast to nondiabetics, accelerated gastric emptying has been asso-
ciated with hyper- and not hypoglycemia [91]; experimental studies have demon-
strated a hyperglycemia-mediated increase in ICCs [92]. As the therapeutic approach 
will be so different, it is critical to define emptying rate by scintigraphy before ini-
tiating prokinetic agents, for example.

 Conclusions

Upper gastrointestinal symptoms are common in diabetes [93, 94], especially among 
those with poor control and complication [94, 95]. In some, these symptoms may 
occur in the context of delayed gastric emptying. While gastroparesis is relatively 
rare among diabetics studied in the community, it looms large as a clinical problem 
among those diabetics seen in referral centers. Several factors may drive this 
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discrepancy—referral bias, psychological comorbidity, more severe and compli-
cated diabetes, and more severe gastrointestinal distress. Symptoms associated with 
gastroparesis are nonspecific, overlap with other disease entities and syndromes, 
and correlate poorly with gastric emptying rate. For some, these symptoms are 
debilitating and impact negatively on glycemic control and nutritional status. Recent 
work on the pathophysiology of diabetic gastroparesis has shifted from an emphasis 
on autonomic dysfunction and focused instead on the gastric neuromuscular appa-
ratus and resulted in novel insights of diagnostic and therapeutic import [96].

 Peptic Ulcer Disease (PUD)

 Definition and Clinical Presentation

Peptic ulcers are usually located in the stomach or proximal duodenum and result 
from acid peptic injury and mucosal breaches that reach the submucosa. Typical 
symptoms include epigastric pain, nausea, and vomiting and both duodenal and 
gastric ulcers may be complicated by hemorrhage, perforation, and fibrosis with the 
development of gastric outlet obstruction. While it is theoretically possible that 
autonomic dysfunction with loss of afferent input from the gut could alter or, indeed, 
reduce symptoms related to PUD in diabetes, there is little data to support this.

 Prevalence

In the general population, the lifetime prevalence of PUD has been estimated to be 
about 5–10% with an incidence rate of 0.1–0.3% per year [97]. However, the preva-
lence and incidence of PUD are decreasing in the West due to a declining prevalence 
of Helicobacter pylori and changes in other environmental factors, such as cigarette 
smoking [97]. Along with H. pylori, the use of aspirin and nonsteroidal anti-inflam-
matory drugs (NSAIDs) is the main risk factor for the development of PUD and its 
complications [98].

The relationship between diabetes and peptic ulcer disease, in general, is unclear; 
one report from Japan in 2002 suggested that the prevalence of peptic ulcer disease 
in asymptomatic diabetics was between 5.3 and 7.3% [99]; whether diabetes, per se, 
is a risk factor for the development of PUD in the first instance has not been estab-
lished. It does appear, however, that diabetes increases the risk for bleeding from 
peptic ulcers [100]. Furthermore, diabetes is also associated with increased rates of 
morbidity (increased by 43.3% in one meta-analysis based on 19 individual studies 
[101]) and mortality (30-day mortality increased by 44.2% in the same meta-analy-
sis [101]) among those with PUD who suffer an upper gastrointestinal hemorrhage 
[101, 102]. Mortality for those who suffer another complication of PUD, perfora-
tion, is also increased [103].
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The pathophysiology of peptic ulcer disease and its complications in diabetes are 
not well understood. Prevalence rates of Helicobacter pylori appear to be increased 
in type 2 but not type 1 diabetes [104]. In animal studies, diabetic rats displayed 
delayed healing of gastric ulcers and an increased gastric mucosal susceptibility to 
stress- and NSAID-induced injury associated with an increased release of pro-
inflammatory cytokines and an attenuation of angiogenesis [105, 106]. Diabetic 
microangiopathy could, thereby, be seen to contribute not only to the assault on 
mucosal integrity but also to more severe ulcer disease and an inability to halt bleed-
ing [105, 106].
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