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Chapter 1

Introduction

Ruchi Gaba

1.1 Introduction

Diabetes mellitus (DM) is one of the most prevalent chronic
diseases in the world. As of 2013, 382 million people had dia-
betes, and it has been estimated that this number will reach
592 million in 2035, making DM a major public health prob-
lem worldwide [1]. With improvements in therapies, survival
has increased and majority of the patients now live with long-
term complications of the disease. Gastrointestinal (GI)
symptoms occur more commonly in patients with diabetes
than in the general population [2]. In fact, GI symptoms such
as nausea, abdominal pain, bloating, diarrhea, constipation,
and delayed gastric emptying occur in almost 75 % of patients
with diabetes [3]. A majority of patients with GI symptoms
stay undiagnosed or undertreated due to a lack of awareness
of these complications among clinicians. In order to improve
care and health-related quality of life in these patients, a high
index of suspicion, early identification, and appropriate man-
agement of GI complications are mandatory.
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Diabetes can affect the entire GI tract from the oral cavity
and esophagus to the large bowel and anorectal region, either
in isolation or in a combination. The extent and the severity of
the presenting symptoms may vary widely depending upon
which part of the GI tract is involved. In patients with long-term
type 1 DM, upper GI symptoms seem to be particularly com-
mon [4]. Of the different types (Fig. 1.1), including esophageal
dysmotility, gastroesophageal reflux disease (GERD), diabetic
diarrhea, constipation, enteropathy, and nonalcoholic fatty liver
disease (NAFLD), gastroparesis seems to be the most well
known and most serious complication, occurring in about 50 %
of patients with diabetes-related GI complications [5].

1.2 Risk Factors

Elevated blood glucose (HbAlc), long duration of diabetes,
and the presence of established macro- and microvascular
complications are some of the risk factors associated with

Dysmotility and/or dysphagia
Candida esophagitis

GERD
Gastroparesis

Gastrointestinal bleeding
(e.g. Mallory-Weiss tear)

Constipation
Diabetic diarrhea
Bacterial overgrowth
Celiac disease

Anorectal dysfunction

FIGURE 1.1 Gastrointestinal complications associated with diabetes
(Reproduced with permission from Sellin [11] ©Nature)



Chapter 1. Introduction 3

development of gastroparesis [6]. Women have been found to
have a higher risk of developing these complications than
men [4]. This can be partly explained by the fact that females
in general tend to have higher rates of GI symptoms and
functional disorders irrespective of whether they have diabe-
tes [7]. They also tend to seek health care more frequently
than the men. Female patients with diabetes, in particular,
have an increased incidence of eating disturbances [8]. The
GI transit time is significantly prolonged during the luteal
phase of the menstrual cycle when progesterone levels are
increased compared with the follicular phase [9]. However,
the exact role of ovarian hormones on gastric emptying is still
unclear [10].

1.3 Etiology and Clinical Presentation

The enteric nervous system (ENS) is an independent net-
work of neurons and glial cells that spread from the esopha-
gus up to the internal anal sphincter. Structured as two major
plexuses, myenteric (Auerbach’s) and the submucous
(Meissner’s) plexus, the ENS regulates GI tract functions
including motility, secretion, and participation in immune
regulation [12, 13]. GI complications and their symptoms in
patients with diabetes arise secondary to both abnormalities
of gastric function (sensory and motor modality), as well as
impairment of GI hormonal secretion [14], but these abnor-
malities are complex and incompletely understood. Over the
last several years, knowledge of the mechanisms of
DM-induced changes in GI tract has expanded. It has been
known for a long time that diabetic autonomic neuropathy
(i.e., dysfunction of the neurons supplying the ENS) leads to
abnormalities in the GI motility, sensation, secretion, and
absorption, serving as the main pathogenic mechanism
underlying GI complications.

Recently, evidence has emerged to suggest that other pro-
cesses might also play a role. Loss of the pacemaker intersti-
tial cells of Cajal, impairment of the inhibitory nitric
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oxide-containing nerves, abnormal myenteric neurotransmis-
sion, smooth muscle dysfunction, and imbalances in the num-
ber of excitatory and inhibitory enteric neurons can drastically
alter complex motor functions causing dysfunction of the
enteric system [7, 11, 15, 16]. This dysfunction can further lead
to the development of dysphagia and reflux esophagitis in the
esophagus, gastroparesis, and dyspepsia in the stomach,
pseudo-obstruction of the small intestine, and constipation,
diarrhea, and incontinence in the colon.

In animal models of DM (i.e., streptozocin-induced DM in
rats), defective tropic signaling of neurotransmitters (vasoac-
tive intestinal peptide, acetylcholine, substance P, nucleo-
tides), paracrine agents (serotonin), anti-inflammatory agents
(prostaglandins, leukotrienes), histamine, and loss of adrener-
gic enteric innervation can also cause abnormalities in epi-
thelial function and development, resulting in enhanced
nutrient transport and abnormalities in salt and water trans-
port [17, 18]. Compromised intestinal vascular flow arising
due to ischemia and hypoxia from microvascular disease of
the GI tract can also cause abdominal pain, bleeding, and
mucosal dysfunction.

Mitochondrial dysfunction has been implicated in the
pathogenesis of gastric neuropathy. It involves the degenera-
tion of dorsal root ganglion neurons in peripheral nerves;
dorsal root ganglion mitochondria are particularly effected
[19]. Formation of irreversible advanced glycation end prod-
ucts (AGE) can cause qualitative and quantitative changes in
extracellular matrix components such as type IV collagen,
laminin, and vitronectin. This can affect cell adhesion, growth,
and matrix accumulation. AGE-modified proteins also alter
cell function by interacting with specific receptors on macro-
phages and endothelial cells, inducing changes that promote
matrix overproduction, focal thrombosis, and vasoconstric-
tion [20].

Motility alterations can cause overgrowth of the small
bowel microflora and induce bloating, diarrhea, abdominal
pain, and malabsorption [21]. However, there is some evi-
dence to suggest that the diarrhea might actually be due to
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colonic bacterial metabolism of carbohydrate secondary to
rapid small bowel transit rather than small bowel bacterial
overgrowth [22].

Acute and chronic hyperglycemia or hypoglycemia which
can alter intestinal function by affecting the metabolic and
signaling pathway of the enteric neurons and effect gut motil-
ity [16,23-26]. Acute (insulin induced) hypoglycemia acceler-
ates gastric emptying [27]. Thus GI motor function is highly
sensitive to fluctuations in glycemic state. Hyperglycemia can
also cause vagal inhibition leading to acute GI symptoms
[15]. Another possible association between DM and the gas-
trointestinal tract can be infrequent autoimmune diseases
associated with type I DM like autoimmune chronic pancre-
atitis, celiac disease (2-11 %), and autoimmune gastropathy
(2 % prevalence in general population and three- to fivefold
increase in patients with type 1 DM) [28, 29].

GI symptoms are often associated with the presence of
other diabetic complications, especially autonomic and
peripheral neuropathy [2, 30, 31]. In fact, patients with micro-
vascular complications such as retinopathy, nephropathy, or
neuropathy should be presumed to have GI abnormalities
until proven otherwise. In a large cross-sectional question-
naire study of 1,101 subjects with DM, 57 % of patients
reported at least one GI complication [31]. Poor glycemic
control has also been found to be associated with increased
severity of the upper GI symptoms. There is some discordant
data linking diabetic autonomic neuropathy to the duration
of diabetes, but the Diabetes Control and Complications Trial
suggested that, at least in persons with type 1 DM, neuropa-
thy and other GI complications are associated with poor
glycemic control, rather than the duration of diabetes [32].

1.4 Diagnosis
Establishing a diagnosis of GI autonomic neuropathy is dif-

ficult as there are no tests available to evaluate the GI inner-
vation and autonomic tone directly. Moreover, the
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cardiovascular alterations are of low value in the prediction
of motor alterations of the GI tract. The most widely avail-
able and standard method for evaluating motility disorders
and assessing gastric emptying is scintigraphy. Other alterna-
tives include radiolabeled breath testing and wireless motility
capsule testing [33, 34]. Techniques such as ultrasound, single-
photon emission computed tomography (SPECT), and mag-
netic resonance imaging (MRI) are predominantly research
tools used for evaluating gastric volume, contractility, distri-
bution of meals, and emptying.

1.5 Treatment Options

The fundamental basis of treating gastroparesis is dietary
modification, such as eating frequent, small, soft meals with a
low fat or fiber content. Beyond dietary changes, the manage-
ment of gastroparesis includes Food and Drug Administration
(FDA)-approved D2 receptor antagonists and 5-HT4 agonist
metoclopramide, the long-term use of which is limited by side
effects such as restlessness and acute dystonia, including tar-
dive dyskinesia. Another alternative is domperidone, a
D2-receptor antagonist, which does not carry the same risk of
extrapyramidal side effects, but is it not FDA approved and is
not marketed for sale in Europe or the United States. In addi-
tion, erythromycin, a prokinetic drug which is administered
either orally or parenterally, can improve gastric emptying
time and reduce nausea and vomiting by its molecular mim-
icking of motilin. For refractory cases of gastroparesis, gastric
electrical stimulation with endoscopically implanted elec-
trodes has been in use since its approval by FDA in 2000 [35].

Lately, muscarinic receptor antagonists and SHT4-, D2-,
ghrelin, and motilin receptor agonists (without antibiotic
action) are being evaluated as newer therapeutic agents to
control symptoms due to gastroparesis [36, 37]. Diarrhea sec-
ondary to diabetic visceral neuropathy can be a troubling GI
complication and has been shown to be treated effectively
and safely with loperamide. Constipation can be relieved by
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laxative use, but in recent years, agents such as lubiprostone
have been used to relieve constipation not adequately treated
by laxatives. Another newer therapeutic approach for treat-
ing constipation is stimulation of epithelial guanylate cyclase-
C (GC-C) receptor on intestinal epithelial cells [37].
Linaclotide is approved for treatment of constipation and
acts by binding to this specific receptor; it is used with spare
use of opiate agents for the same reason. Patients with neu-
ropathy also suffering from chronic abdominal pain may
respond to agents such as low-dose tricyclic antidepressants
(TCAs), selective serotonin reuptake inhibitors (SSRIs), and
selective serotonin-noradrenaline reuptake inhibitors
(SNRISs). It helps reduce opiate agents for the same reason.

GI symptoms are also commonly reported as side effects
of oral hypoglycemic agents particularly metformin and
alpha-glucosidase inhibitors. However it is hard to prove a
causal relationship as it is difficult to distinguish between
spontaneous and true drug-related symptoms due to the high
incidence of background GI symptoms in these patients. The
most frequent symptoms caused by these medications include
diarrhea and vomiting, which can lead to poorer quality of
life and reduced compliance with treatment. Newer agents
targeting the incretin system like glucagon-like peptide
(GLP)-1 receptor agonists and dipeptidyl peptidase 4 (DPP-
4) inhibitors are increasingly being used to treat type 2 diabe-
tes. GLP-1 agonists increase insulin secretion while inhibiting
glucagon release. They also delay gastric emptying and help
decrease food intake. Their most common adverse effect
includes mild to moderate GI symptoms particularly nausea,
vomiting, and diarrhea. But the nausea tends to be transient
and can be reduced with dose titration (Table 1.1). Acute
pancreatitis has been associated with DPP-4 inhibitors use
but causal relationship has not been established [38]. Liver
function test needs to be monitored with certain DPP4-
inhibitors such as vildagliptin and alogliptin [39].

As noted in various epidemiological studies, type 2 DM is
associated with a significantly increased risk of colorectal,
pancreatic, and hepatic cancer [40-42]; few studies have
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explored links with type 1. Type 2 DM is also associated with

an increase in cancer mortality, especially colorectal cancer
[40, 43]. There is insufficient evidence that antihyperglycemic

TaBLE 1.1 Antihyperglycemic medications and their gastrointestinal

(GI)-related side effects

Antihyperglycemic
medications Gl-related side effects
Biguanides Dyspepsia, nausea, abdominal
cramping, and diarrhea
Metformin Risk of lactic acidosis

Sulfonylureas (second
generation)

Glipizide

Glimepiride

Gliclazide

Glyburide/glibenclamide
Thiazolidinediones

Pioglitazone

Rosiglitazone
Alpha-glucosidase inhibitors

Acarbose

Miglitol
GLP-1 agonist

Exenatide

Liraglutide

Lixisenatide

Dulaglutide

Albiglutide

Weight gain

Weight gain and fluid retention

Bloating, diarrhea, and flatulence

Elevated transaminases

Nausea, vomiting, diarrhea

Sense of fullness, early satiety?
Increased risk of pancreatitis
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Antihyperglycemic
medications

Gl-related side effects

DDP-4 inhibitors
Saxagliptin
Linagliptin
Sitagliptin
Alogliptin

Dopamine 2- agonist
Bromocriptine

Amylin mimetic
Pramlintide

Bile acid sequestrant
Colesevelam

Meglitinides
Repaglinide
Nateglinide

SGLT2 inhibitors
Canagliflozin
Dapagliflozin
Empagliflozin

Diarrhea and abdominal
discomfort? Increased risk of
pancreatitis

Nausea
Nausea, vomiting
Enhances satiety

GI intolerance, constipation

Weight gain

GI neutral

agents are definitively associated with an increased cancer
risk, though available epidemiological data supports an asso-
ciation with metformin and a neutral-to-decreased effect on
cancer incidence and mortality [44]. While diabetes and can-
cer share hormonal imbalances such as increased insulin/
IGF-1 (insulin-like growth factor-1) or leptin/adiponectin
secretion, immune abnormalities including elevated circulat-
ing pro-inflammatory cytokines, and metabolic alterations
(linked to obesity), the exact underlying biological
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mechanisms linking these two diseases are not completely
understood.

Hyperinsulinemia can affect cancer development in many
complex ways. In cancer cells, the insulin receptor (IR) is
overexpressed and the A isoform (with insulin-mediated
mitogenic effect) is overexpressed in comparison to B iso-
form. The A isoform can stimulate insulin-mediated mitogen-
esis, even in cells deficient in IGF-1 receptors. Insulin can
bind and activate IGF-1 receptors (more potent mitogenic
and antiapoptotic activity than IR). In addition, insulin can
reduce hepatic production of IGF-binding proteins and fur-
ther increase free-circulating IGF-1 [45]. Moreover, the mito-
genic effect of insulin might be enhanced by post-receptor
molecular mechanisms [46,47] as well. In regard to hypergly-
cemia and its role in cancer development, there has been a
recent resurgence of “Warburg effect” and its relation to
cancer energetics [48], where tumor cells appear to use gly-
colysis for generating ATP instead of oxidative phosphoryla-
tion. This requires much more glucose, creating an
environment of excess glucose in tumor cells. Glucose is one
source of energy, but tumor cells can derive energy from
other sources such as glutamine and transform intracellular
signaling and adjust metabolic pathways to proliferate [49].

Hence, management of DM-induced GI complications is
challenging, is generally suboptimal, and needs improvement.
With our increased understanding of the GI complications of
diabetes, an integrative approach with better glycemic control
and amelioration of the symptomatic manifestations of GI
complications should be followed for better care. In Chap. 2,
the pathophysiology and treatment of the various common
GI complications will be reviewed in more detail.
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Chapter 2

Esophageal Disease
in Diabetes Mellitus

J. Andy Tau and Lubin Fernando Arevalo Santana

2.1 Esophageal Motility and Diabetes
Mellitus

Diabetes mellitus (DM) has multiple clinically important
effects on the esophagus. Diabetes results in several esopha-
geal motility disturbances, increases the risk of esophageal
candidiasis, and increases the risk of Barrett’s esophagus and
esophageal carcinoma. Finally, “black esophagus,” or acute
esophageal necrosis, is also associated with DM. These four
entities and their relationship with DM will be reviewed in
this section.

Esophageal dysmotility has been shown to be associated
with diabetic neuropathy; however, symptomatic esophageal
dysmotility is not often considered an important complica-
tion of diabetes. Plainly, dysphagia ascribed to diabetic neu-
ropathy should be a diagnosis of exclusion. The effects of
blood glucose levels on esophageal motility can be reliably
predicted. When blood glucose is increased to 145 mg/dL
(physiologic postprandial levels in seen nondiabetic patients),
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peristalsis velocity increases. However, when increased to
270 mg/dL (pathologic level as seen in patients with diabe-
tes), peristalsis slows and lower esophageal sphincter pres-
sures decrease [1,2].

In general, the manometric effects of diabetes on the esoph-
agus are not specific and mostly related to speed and strength
of peristalsis. While various studies have found differing
results, the most consistent changes have been the following:

e Lower pressures/amplitude of esophageal body [3].

e Lower esophagus resting pressure was reduced in patients
with longer diabetes duration [4].

e Reduced velocity of esophageal contractions. In other
words, the time required for a peristalsis to traverse the
esophagus is prolonged [5].

e Frequent spontaneous or multiple peaked body contrac-
tions [6].

e Incomplete emptying of the esophagus has been demon-
strated in barium and radioisotope studies [7, 8].

Again these findings are nonspecific and can be found in
variety of other conditions, such as scleroderma, gastroesoph-
ageal reflux disease (GERD), alcoholic neuropathy, and
intestinal pseudo-obstruction or ileus. Therefore, other causes
should be excluded before ascribing esophageal symptoms
(dysphagia, chest pain) to diabetic neuropathy. These changes
in motility are likely happening silently. In diabetes, the neu-
ropathologic changes in the esophagus include:

e Segmental demyelination (Schwann cell loss) and axonal
degeneration of preganglionic parasympathetic fibers of
the vagus nerve [8]. This includes both a reduction in motor
vagal ganglions and sensory sympathetic ganglions [9].

e Preservation of the myenteric plexus. This differentiates
the pathophysiology from that of achalasia and Chagas
disease and explains why diabetic neuropathy alone is
rarely the cause of dysphagia.

The pathological findings which amount to loss of cholin-
ergic stimulation are consistent with the manometric findings



Chapter 2. Esophageal Disease in Diabetes Mellitus 17

in the esophagus, which are primarily related to slowed or
weakened peristalsis. With preservation of the myenteric
plexus, the major regulator of motility in the esophagus, dys-
phagia is rare. These discoveries were made in historical stud-
ies using bethanechol, a cholinergic agent that reliably
stimulates the smooth muscle of the esophagus. In achalasia
and Chagas disease, bethanechol induced a hypersensitive
reaction of the smooth muscles of the esophagus [10], while
in diabetics, the hypersensitivity to this drug was not seen [3].

In addition to the autonomic nervous system, via studies
mostly in animal models, it is becoming apparent that several
parts of enteric nervous system including enteric neurons,
interstitial cells of Cajal, glial cells, smooth muscle cells, neu-
rotransmitters, and growth factors are affected by diabetes.
Multiple proposed complex mechanisms including oxidative
stress, alteration in growth factors, apoptosis, and dysregula-
tion of microRNAs and microbiota have been described [11].
While these discoveries are fledgling, they suggest that thera-
peutic approaches may need to cover more than one patho-
physiologic process to be successful. While there is no therapy
beyond the treatment of underlying diabetes, it cannot be
overstated that if one is searching for an explanation for dys-
phagia in a patient with diabetes, diabetes itself is rarely the
lone explanation.

2.2 GERD and Diabetes Mellitus

The association between DM and GERD is complex and
conflicting. A number of studies have indicated a positive
association between GERD and DM, while others have
found none. A recent meta-analysis suggests an overall posi-
tive association in Western countries [12].

Obesity and concomitant gastroparesis are obvious con-
founders in this association. Obesity increases intragastric
pressure, gastroesophageal gradient, transient lower esopha-
geal sphincter relaxation (TLESR), and esophageal acid
exposure, while gastroparesis also increases post-ingestion
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transient relaxations of the lower esophageal sphincter
(LES), producing a greater number of gastroesophageal
reflux episodes. The underlying pathogenesis of DM contrib-
uting to GERD is not fully elucidated, but is likely related to
reduced acid clearance due to slow, weakened esophageal
peristalsis.

The association between DM and gastroesophageal reflux
(GER) is well established, but the link between DM and
GERD, which requires symptoms or esophagitis, is more
complex because sensation may be blunted in diabetics with
neuropathy. Asymptomatic gastroesophageal reflux (GER)
confirmed by pH studies is significantly more frequent in
diabetic patients than in healthy controls [13]. In a cohort of
patients with varying duration of diabetes, GER (24 h pH
monitoring) and esophageal motility (manometry) disorders
worsened with long duration of diabetes [14]. Likewise, high-
resolution esophageal manometry studies demonstrated
lower esophageal resting pressures in patients with longer
duration of diabetes [4].

However, whether these pH and manometry findings
translate to clinical symptoms or esophagitis (i.e., GERD) is
less obvious. Studies have shown that diabetic patients with
neuropathy report significantly more GERD symptoms than
those without neuropathy [15-17], yet other studies report
that GERD symptoms among patients with diabetes are
poorly related to neuropathic complications [18, 19]. One
possible explanation for this discordance in symptoms and
DM is the presence of concomitant sensory neuropathy. For
example, two studies have demonstrated that diabetics with
neuropathy have evidence of sensory dysfunction based on
delayed or extinguished cortical evoked potentials [20, 21].
These studies indicate that diabetics with afferent nerve
damage have increased sensory thresholds for pain or symp-
toms in the esophagus. Thus, while they may have more acid
exposure and less acid clearance, sensory neuropathy may
blunt the symptoms. Thus, long-standing diabetics with neu-
ropathy are at higher risk for GERD even if they have no
symptoms.



Chapter 2. Esophageal Disease in Diabetes Mellitus 19

2.3 Barrett’s Esophagus, Esophageal Cancer,
and Diabetes Mellitus

Diabetes mellitus may be a risk factor for Barrett’s esophagus
(BE) and esophageal cancer independent of GERD and obe-
sity. In a population-based retrospective case-control study using
the General Practice Research Database, a UK primary care
database that contains information on more than eight million
subjects, type 2 DM was found to be a risk factor for BE, inde-
pendent of obesity, smoking, or a diagnosis of GERD [22]. On
multivariable analysis, diabetes was associated with a 49 %
increase in the risk of BE, independent of other known risk fac-
tors (odds ratio, 1.49; 95 % confidence interval [CI], 1.16-1.91).
In a meta-analysis, including six case-control studies and 11
cohort studies, individuals with DM had a modestly increased
risk of EC, in particular adenocarcinoma (summary relative risk
[SRR] 2.12,95 % CI, 1.01-4.46) [23]. These studies suggest that
independent of the mechanical effects of obesity and GERD,
metabolic pathways related to diabetes itself play a role in the
pathogenesis of Barrett’s and esophageal carcinogenesis. For
example, one theory postulates that elevated insulin concentra-
tions in diabetics lower concentrations of IGF-binding proteins
(IGFBPs), which in turn contribute to an upregulated level of
insulin-like growth factors (IGFs), which stimulate growth
through cellular proliferation and inhibition of apoptosis within
the esophageal carcinoma cells [24]. In vitro studies, animal
models, and epidemiologic data have demonstrated the role of
insulin-like growth factor 1 (IGF-1) in carcinogenesis of the
esophagus [25]. The risk appears to be most highly associated
with adenocarcinoma, as a recent study failed to demonstrate an
association of squamous cell carcinoma and diabetes [26].

Esophageal Candidiasis and Diabetes Mellitus

Diabetes is considered as a risk factor for esophageal candidia-
sis (EC) because of impaired immunity and stasis of esophageal
contents. Most cases are associated with chronically poor
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glycemic control. Esophageal colonization with candida is com-
monplace as it is a normal mouth flora, occurring up to 20 % of
normal healthy patients. However, esophagitis requires deeper
invasion of the mucosa. It has been demonstrated in multiple
case reports that underlying diabetes was the only predisposing
factor for the development of candida esophagitis [27]. The
pathogenesis is believed to be a combination of:

e Prolonged emptying of the esophagus, allowing for
increased colonization.

e Defective cellular immunity (specifically, impaired chemo-
taxis and phagocytosis) [28, 29].

e Increased fungal virulence in high glucose environments in
diabetics. Specifically, Candida albicans expresses a surface
protein that has significant homology with the receptor for
complement factor 3b, which has increased expression in
hyperglycemic settings, resulting in competitive binding and
inhibition of the complement-mediated phagocytosis [30].

e Increased adherence to diabetic cells due to alteration in
the carbohydrate composition of receptors of the epithe-
lium. This has been demonstrated in the buccal mucosa
(thrush) in DM and presumed to occur in the esophageal
mucosa [31].

The clinical presentation varies from scattered white
plaques without symptoms to dense pseudomembranous
plaques and erosions with severe odynophagia or dysphagia.
The preferred treatment is fluconazole 200-400 mg PO/IV
daily for 14-21 days. More severe disease can be treated with
an echinocandin or amphotericin B deoxycholate 0.3-0.7 mg/
kg. Other oral alternatives include itraconazole 200 mg daily,
posaconazole 400 mg b.i.d, or voriconazole 200 mg b.i.d.

2.4 Black Esophagus and Diabetes Mellitus

Black esophagus, or acute esophageal necrosis, is a rare syn-
drome that arises from ischemic insult from hypotension,
corrosive injury from gastric acid, and decreased function of
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mucosal barrier in malnourished and debilitated patients. It is
most commonly seen in critically ill patients with sepsis, dia-
betic ketoacidosis, multi-organ failure, massive thromboem-
bolic disease, severe trauma, or malignancy. Diabetes appears
to be a risk factor with approximately 24-28 % of patients
who develop “black esophagus” having underlying DM [32,
33]. Patients typically present with upper gastrointestinal
hemorrhage. Diffuse circumferential black mucosal discolor-
ation in the distal esophagus arising from the GE junction is
the hallmark appearance of “black esophagus.” The treat-
ment is directed at the underlying cause of the critical illness
and control of hyperglycemia. Antacids and parenteral nutri-
tion have been used as supportive measures, but have not
been studied singularly [34].

2.5 Conclusion

Diabetes-related esophageal dysmotility does not cause dys-
phagia, but DM appears to be a risk factor for GERD,
Barrett’s esophagus, and esophageal carcinoma. Abnormal
pH and motility studies do not correlate very well with the GI
symptoms of diabetics, possibly due to DM-related sensory
dysfunction. Poorly controlled DM is associated with both
the white plaques of esophageal candidiasis and the black
esophagus of acute esophageal necrosis occasionally seen in
the critically ill.
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Chapter 3

Diabetic Gastroparesis

Aylin Tansel and Nisreen Husain

3.1 Introduction

Gastroparesis is defined as a chronic disorder characterized by
delayed emptying of the stomach occurring in the absence of
mechanical obstruction. It is a well-known and potentially seri-
ous complication of diabetes. Although gastroparesis was ini-
tially described in patients with type 1 diabetes, it is increasingly
being recognized in patients with type 2 diabetes. Diabetic
gastroparesis affects up to 40 % of patients with type 1 diabe-
tes and up to 30 % of patients with type 2 diabetes [1, 2].
Diabetic gastroparesis generally affects patients with long-
standing diabetes mellitus, and patients often have other dia-
betic complications such as retinopathy, neuropathy, or
nephropathy. Gastroparesis can lead to poor glucose control,
increased morbidity, and decreased quality of life. As the num-
ber of patients with diabetes increases, the number of diabetic
patients with gastroparesis is increasing. For reasons that
remain unclear, approximately 80 % of patients with gastropa-
resis are women [3]. Hospitalizations with gastroparesis as the
primary diagnosis have increased 158 % from 1995 to 2004 [4].
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Additionally, gastroparesis has the longest length of stay when
compared with other upper gastrointestinal conditions [4]. This
chapter will explore the clinical features, complications, diag-
nosis, management, and treatment options for gastroparesis.

3.2 Clinical Features

In diabetes, delayed gastric emptying can often be asymptom-
atic. Therefore, the term gastroparesis should only be reserved
for patients that have both delayed gastric emptying and upper
gastrointestinal symptoms. Additionally, discordance between
the pattern and type of symptoms and the magnitude of
delayed gastric emptying is a well-established phenomenon.
Accelerating gastric emptying may not improve symptoms,
and patients can have symptomatic improvement while gastric
emptying time remains unchanged. Furthermore, patients with
severe symptoms can have mild delays in gastric emptying.
Clinical features of gastroparesis include nausea, vomiting,
bloating, abdominal pain, and malnutrition. In a tertiary care
center of 146 patients, nausea was present in 92 %, vomiting in
84 %, abdominal bloating in 75 %, and early satiety in 60 % of
patients [3]. Functional dyspepsia and gastroparesis have signifi-
cant overlap, and up to 50 % of patients with dyspeptic symp-
toms can have delayed gastric emptying [5]. Abdominal pain is
present in 46-89 % of patients and is often difficult to treat [3].
Impaired regulation of postprandial glycemia can also be an
indication of gastroparesis. Gastroparesis affects oral drug
absorption and can cause hyperglycemia that is challenging to
manage, in addition to unexplained hypoglycemia. As a result,
unstable glucose control can be a subtle sign of gastroparesis.

3.3 Complications
Gastroparesis can lead to poor nutrition and poor oral intake

with subsequent malnutrition and vitamin and mineral defi-
ciencies. Possible complications of gastroparesis include
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volume depletion with renal failure, malnutrition, electrolyte
abnormalities, esophagitis, Mallory—Weiss tear (from vomit-
ing), or bezoar formation. Patients with gastroparesis will
often have other gastrointestinal manifestations of delayed
motility.

3.3.1 Nutrition

Nutritional and caloric deficits are common in patients with
gastroparesis, and patients should receive nutritional screen-
ing. In a study of 305 patients, 64 % of patients were found to
have caloric deficient diets, defined as less than 60 % of daily
total energy requirements [6]. One study of 45 patients found
that foods provoking symptoms were generally fatty, acidic,
spicy, and roughage based [7]. Additionally, patients were
found to have several vitamin and mineral deficiencies spe-
cifically vitamins A, B6, C, and K, iron, potassium, and zinc
[6]. Nutritional consultation increases the chances that daily
total energy requirements will be met (odds ratio = 1.51,
P =0.08) [6]. Unfortunately, despite known nutritional and
caloric deficiencies, nutritional consultation is often neglected,
and only a minority receives a nutritional consultation [6].

3.3.2  Glycemic Control and Gastroparesis

It has been well documented that acute changes in blood
glucose alter gastric emptying [8]. Additionally, acute
hyperglycemia can attenuate the effect of prokinetics
reducing their efficacy. Induction of acute hypoglycemia
accelerates gastric emptying. Glucose control is often com-
plicated in patients with diabetic gastroparesis as blood
glucose levels both influence and are influenced by gastro-
paresis [9]. Long-term hyperglycemia is an independent
risk factor for gastroparesis [8]. However, it has been
shown that long-term glycemic control does not improve
gastric emptying [8, 10].
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3.4 Diagnosis

A diagnosis of gastroparesis should only be made in patients
that have both upper gastrointestinal symptoms and objec-
tive evidence of delayed gastric emptying. Diabetic gastropa-
resis is diagnosed by demonstrating delayed gastric emptying
in a symptomatic patient after the exclusion of other etiolo-
gies of symptoms and exclusion of mechanical obstruction.
An upper endoscopy is important to exclude the presence of
ulcer, stricture, or mass.

Initial investigation should include a complete blood
count, complete metabolic profile, and thyroid-stimulating
hormone. Additionally, a pregnancy test should be obtained
in women of childbearing age. If vomiting or pain is acute or
severe, consider an abdominal obstruction series. If abdomi-
nal pain is a significant symptom, workup may include a right
upper quadrant ultrasound, amylase, and lipase. Once
mechanical obstruction has been excluded, gastroparesis is
diagnosed by demonstrating delayed gastric emptying with
solid phase gastric emptying scintigraphy, wireless motility
capsule (SmartPill), or stable isotope breath test.

3.4.1 Gastric Emptying Scintigraphy

The gold standard to evaluate delayed gastric emptying is a
solid phase gastric emptying scintigraphy over 4 h. The
Society of Nuclear Medicine and American
Neurogastroenterology and Motility Society (ANMS) has a
standardized protocol for gastric emptying scintigraphy [11].
It is important that it is performed with a solid meal because
liquid emptying may remain normal despite advanced dis-
ease. The standardized meal for testing is 99-m technetium
sulfur-colloid labeled low fat, egg white. The scan should be
performed with the patient in an upright position 1,2, and 4 h
after the test meal to identify both rapid and slow gastric
emptying. Prior to testing, medications that can impair or
promote gastric emptying should be held at least 48-72 h in
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advance. Patients already taking prokinetics should stop tak-
ing them prior to testing. Medications that delay gastric emp-
tying and should be held include narcotic analgesics, tricyclic
antidepressants, lithium, and calcium channel blockers.
Serotonin receptor antagonists, such as ondansetron, can be
given during testing for severe symptoms of nausea and vom-
iting because they do not alter gastric emptying. Table 3.1
provides a more complete list of medications that affect gas-
tric emptying.

Interpreting the results of a gastric emptying study can be
challenging in patients with diabetes. Hyperglycemia has
been shown to result in delayed gastric emptying on scintig-
raphy, and gastric emptying normalized when euglycemia was
achieved prior to testing [12]. It may be advisable to check
glucose levels prior to a gastric emptying study to ensure that
glucose levels are within normal range [13]. Ideally blood
glucose levels in patients with diabetes should be <275 mg/dL
on the day of the test because hyperglycemia significantly
delays gastric emptying [13, 14].

One disadvantage of gastric emptying scintigraphy is that it
is often not performed in a standardized manner in many

TaBLE 3.1 Medications that affect gastric emptying

Delay gastric emptying Accelerate gastric emptying

Opiates (e.g., oxycodone, Macrolide antibiotics (e.g.,

acetaminophen—codeine) erythromycin, azithromycin,
clarithromycin)

Anticholinergics (e.g., dicyclomine, =~ Metoclopramide
hyoscyamine, tricyclic antidepressants
such as amitriptyline)

Aluminum-containing antacids Diazepam
Dopamine, levodopa Bulk laxatives

Calcium channel blockers (e.g.,
diltiazem, verapamil, nifedipine)

GLP analogue (e.g., exenatide)
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medical centers. Despite strong guidelines that scintigraphy be
performed over 4 h, many medical centers continue to extrapo-
late gastric emptying using data after 90-120 min. Results from
scintigraphy tests under 4 h long should not be used to diag-
nose gastroparesis. Another disadvantage of this test is radia-
tion exposure. The amount of exposure with testing is equivalent
to approximately one-third of the average annual radiation
exposure in the United States from natural sources [13].

3.4.2  Wireless Motility Capsule

The SmartPill® GI Monitoring System (SmartPill Corporation,
NY, USA) is an ingested capsule that can also be used to diag-
nose gastroparesis. The pill is swallowed after ingesting a stan-
dardized meal and delivers information on pressure, pH, and
temperature wirelessly to a data recorder worn by the patient.
The data estimates gastric emptying time, combined small and
large bowel transit time, and total transit time and studies pres-
sure patterns in the stomach, small bowel, and colon. The cap-
sule is approved by the US Food and Drug Administration for
use in studying gastroparesis. In a study of 87 healthy controls
and 61 patients with gastroparesis, the wireless motility capsule
had a sensitivity of 87 % and specificity of 92 % when com-
pared with a 4-h scintigraphic gastric emptying test [15]. The
device is a reasonable alternative to conventional scintigraphy
for gastroparesis but is not widely available. Advantages of this
test are the ambulatory measure of the test, lack of radiation
exposure, and ability to measure motility of the entire GI tract.
Disadvantages of this test are the cost and lack of availability.

3.4.3 CO2 Breath Test

Another diagnostic option is the stable isotope breath test.
13C-labeled octanoate, a medium-chain triglyceride, is bound
to a solid meal. After ingestion, 13C-labeled octanoate is
quickly absorbed in the small intestine and metabolized to
13CO2 which is excreted from the lungs. This test is less
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expensive than scintigraphy and avoids radiation exposure
which can be beneficial to certain populations (i.e., preg-
nancy, breastfeeding, children). Disadvantages of this test are
the need for normal small intestinal absorption, normal liver
metabolism, and the need to assess pulmonary excretion to
detect radioactivity. Furthermore, this test is currently not
available for clinical use in the United States.

3.5 Initial Treatment

Treatment should be tailored for each patient based on symp-
toms. Disease severity is assessed by the patients’ ability to
maintain adequate nutrition and by symptoms. A daily diary
of symptoms and diet may be helpful to assess severity of
symptoms of gastroparesis for patients with difficulty remem-
bering symptoms. The Gastroparesis Cardinal Symptom
Index (GCSI), a validated scoring system shown in Table 3.2,

TABLE 3.2 Gastroparesis Cardinal Symptom Index (GCSI)

Very Very
None mild Mild Moderate Severe severe

Nausea 0 1 2 3 4 5
Retching 0 1 2 3 4 5
Vomiting 0 1 2 3 4 5
Stomach fullness 0 1 2 3 4 5
Not able to finish 0 1 2 3 4 5

a normal-sized

meal

Feel excessively 0 1 2 3 4 5
full after meals

Loss of appetite 0 1 2 3 4 5
Bloating 0 1 2 3 4 5
Belly visible 0 1 3 5

larger
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can assess the severity of gastroparesis as well as response to
management [16]. Figure 3.1 provides a pyramid of treat-
ment, with progression up the pyramid as severity of gastro-
paresis increases [17]. Patients with mild gastroparesis can be
managed with dietary modifications, glucose control, and
symptom management.

Elevated glucose levels have a significant role in slow-
ing gastric emptying. Changes in gastric emptying may
affect postprandial blood glucose concentrations, because
of unpredictable delivery of food. Impaired gastric empty-
ing with continued administration of exogenous insulin

Prokinetics

/ Dietary modifications \

/ Avoid exacerbating factors \
/ Optimize glycemic control \

FiGure 3.1 Therapeutic pyramid for diabetic gastroparesis. Starting
at the base, patients with mild symptoms can be managed with gly-
cemic control and dietary modifications. The peak of the pyramid
represents the minority of patients that do not respond to therapy,
and therapeutic options are limited and not necessarily evidence
based (Reproduced with permission from Sellin [17] ©Nature)
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can cause hypoglycemia. Therefore, in patients with estab-
lished gastroparesis, short-acting insulin should be dosed
after rather than prior to meals to avoid hypoglycemia. The
use of regular insulin rather than rapid-acting insulin ana-
logues may be better as it has a sustained duration of
action.

3.5.1 Dietary Treatment

Initial treatment should be dietary management with a low-
fat, low-fiber diet with small frequent meals. By eating meals
more frequently, patients are more likely to continue to meet
their nutrition needs. Large meals lead to longer gastric emp-
tying, so by decreasing the volume of meals, patients may
experience some relief in symptoms. Fat is known to slow
gastric emptying and fiber can increase risk for bezoar forma-
tion. Food should be chewed thoroughly and meal replace-
ment drinks should be considered. Patients should sit up
while eating and for 1 h after finishing their meal. Multivitamin
supplementation is advisable. Foods that are acidic, spicy,
high in fat, and roughage based can increase overall symp-
toms in patients with gastroparesis. Patients should avoid
alcohol and smoking as these can delay gastric emptying [18,
19]. Table 3.3 provides suggested nutrition guidelines.

If solid food is not tolerated, patients can try blended
foods. In many cases, normal gastric emptying of liquids is
preserved despite delayed gastric emptying of solids. Prior
to blending, solid foods should be thinned with some type
of liquid such as water, low-fat milk, or broth. If patients
are not consuming enough calories, then patients should
supplement their diet with nutritional supplements.
Indications for nutritional supplementation include weight
loss of greater than or equal to 10 % during a period of
3-6 months, inability to maintain recommended body
weight, and severe symptoms requiring hospitalization or
interventions such as a nasogastric tube to relieve nausea
and vomiting [20].



34 A. Tansel and N. Husain

TaBLE 3.3 Nutritional interventions

1. Decrease volume of meals
2. Improve glycemic control
3. Limit fat

(a) Fat in liquid form is well tolerated; maintain 20-30 % of
calories from fat

4. Limit fiber

(a) Identify high-fiber foods that increase upper
gastrointestinal symptoms

(b) If bezoar formation is a concern, avoid foods causing
bezoar such as oranges, berries, coconut, and legumes

(c) Fiber supplements for constipation should be discontinued
5. Meal consistency
(a) Chew food thoroughly and take 20-30 min to finish meal

(b) If solids are not tolerated, any food can be blended with
water, low-fat milk, vegetable juice, or broth to make a puree

(1) Liquid nutrients are better tolerated than solid food

(ii) Can also try solid foods in the morning, switch to
semiliquid and/or liquid meals over the course of the day

6. Additional recommendations

(a) Monitor and replace micronutrients as needed: iron,
vitamin B12, vitamin D, calcium

(b) Avoid caffeine, alcohol, and tobacco
(c) Eat nutritious foods prior to filling-up on “empty calories”

(d) Avoid foods that lower esophageal sphincter pressure:
peppermint, chocolate, fat, caffeine

(e) Chew well and eat slowly (30-min meals)

(f) Do not lie down immediately after eating — sit upright or
consider walking for 1-2 h after meals

(g) If overweight, lose weight

(h) On days when symptoms are worse, just take liquids to let
the stomach rest

(i) Check weight twice a week; if weight is decreasing,
increase the amount of liquid supplements

Reproduced with permission from Sadiya [52] ©Dove Press
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3.6 Pharmacologic Treatments

When dietary management and glycemic control are not suf-
ficient to control symptoms, pharmacologic treatment should
be initiated. Initial pharmacologic treatment should be with
prokinetic agent and/or antiemetic agent. If there is no
clinical response to these medications, then consider further
investigation by a gastroenterologist. Unfortunately, there is
a dearth of medications available to treat gastroparesis.
Additionally, many of the medications used are based on
older trials with small sample sizes. Table 3.4 provides a short
summary of medications.

3.6.1 Prokinetics

Pharmacological therapy is necessary in patients that have
continued symptoms despite dietary modification. The main-
stay of pharmacological therapy is prokinetic agents.

The only Food and Drug Administration (FDA)-approved
medication for gastroparesis in the United States is metoclo-
pramide, which has both prokinetic and antiemetic effects.
Metoclopramide, a central and peripheral dopamine 2 (D2)
receptor antagonist and 5-hydroxytryptamine (5-HT) recep-
tor agonist, works by increasing antral contractions, decreas-
ing fundal relaxation, and improving antroduodenal
coordination. Metoclopramide was established as effective
based on four placebo-controlled trials that improved gastric
emptying and symptoms [21-24].

These studies were not conducted for longer than 4 weeks.
Up to 30 % of patients taking metoclopramide experience
side effects. Metoclopramide crosses the blood-brain barrier
and is therefore associated with neurological symptoms in up
to 10 % of patients. The most common neurologic side effect
is a Parkinson’s-type syndrome which is reversible 2-3 months
after discontinuation of the drug. However, one particularly
concerning side effect is tardive dyskinesia. Tardive dyskine-
sia is irreversible and occurs in 1 % of cases when
metoclopramide is taken for more than 3 months [25]. Since
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2009, there has been an FDA black box warning against use
beyond 3 months unless benefit outweighs the risk. If a
patient desires to continue longer than 3 months, informed
consent should be obtained. Development of tardive dyskine-
sia is related to the duration of metoclopramide use and the
number of doses taken. People most at risk for developing
acute dystonic reactions include women, children, and
patients receiving high doses of medication. It is important to
carefully monitor patients for the earliest signs of tardive
dyskinesia, because discontinuing therapy early may help
minimize permanent side effects. The Abnormal Involuntary
Movement Scale (AIMS) can be used for early detection of
tardive dyskinesia. The AIMS is a 12-item scale that is clini-
cian administered and scored to assess severity (http:/www.
cqaimh.org/pdf/tool_aims.pdf).

A proposed method for prescribing metoclopramide can
be to start a test dose (i.e., 5 mg 15 min before meals and at
bedtime), titrating to the lowest efficacious dose and institut-
ing dose reductions (i.e., 5 mg before two main meals of the
day) or drug holidays whenever possible. An alternative
method is to start at 5-10 mg two to three times daily and
increase as tolerated up to 10-20 mg three to four times daily.
If there is clinical response, maintain lowest effective dose. In
patients with persistent symptoms, consider a short course of
erythromycin (250-500 mg daily). If there are significant side
effects, domperidone 10 mg three times daily (up to 20 mg
four times daily) can be used.

Intranasal metoclopramide is a potentially promising
treatment with a potentially lower side effect profile. An
advantage of the nasal spray is that it is absorbed even when
patients have delayed gastric emptying or nausea and vomit-
ing. A recent multicenter double-blind study of
metoclopramide nasal spray found significant reduction of
symptoms among women, but not men, with diabetic gastro-
paresis [26].

Domperidone is a peripheral dopamine D2 and D3 recep-
tor antagonist and is equally efficacious as metoclopramide.
Unlike metoclopramide, it crosses the blood-brain barrier
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poorly and, therefore, has fewer CNS side effects than meto-
clopramide. As a result, it is emerging as the oral drug of
choice, particularly in older patients. It is a good alternative if
patients have significant neurologic side effects with metoclo-
pramide. Despite evidence that domperidone is equally effi-
cacious and safer than metoclopramide, it is not approved by
the FDA for prescription in the United States. However,
domperidone is available in the United States through the
Investigational New Drug Program.

Erythromycin is a motilin receptor agonist and is the most
potent drug to accelerate gastric emptying when given intra-
venously. Therefore, intravenous erythromycin is often the
initial treatment for patients hospitalized with gastroparesis.
Orally administered erythromycin tends to be less effective
than intravenous administration. Elixir form of erythromycin
may have better absorption and bioavailability than pill
forms. The treatment effect generally decreases after 4 weeks
and chronic use can lead to tachyphylaxis. If tachyphylaxis
develops, erythromycin can be discontinued for at least
2 weeks and then restarted. In a large cohort, erythromycin
doubled the risk of sudden death from cardiac causes com-
pared to a control population [27]. Furthermore, the risk for
death was increased in patients on medications that were
cytochrome P450 3A inhibitors which include nitroimidazole
antifungal agents, diltiazem, verapamil, and troleandomycin
[27]. Erythromycin is best used for exacerbations or intermit-
tently if patients are unable to tolerate or respond to meto-
clopramide or need a drug holiday.

Cisapride and tegaserod are 5-HT receptor 4 agonists that
induce the release of acetylcholine from myenteric choliner-
gic neurons along the gastrointestinal tract to stimulate gas-
tric emptying. Cisapride is more potent than tegaserod. Both
medications have been withdrawn from the market because
of cardiac complications — mainly cardiac arrhythmias includ-
ing torsades de pointes. Cisapride is available through a com-
passionate use program through Janssen Pharmaceuticals
with strict monitoring guidelines and only when other medi-
cations have failed.
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3.6.2 Antiemetics

Antiemetics can be used for symptom relief. There are no
trials examining effectiveness for gastroparesis.
Phenothiazine derivatives (such as promethazine and pro-
chlorperazine) and serotonin antagonists (such as ondanse-
tron and granisetron) can be useful medications for nausea
and vomiting symptoms. Other medications that have been
used for nausea and vomiting include benzodiazepines
(such as lorazepam) and histamine H1 receptor antagonists
(such as meclizine, synthetic cannabinoids, and transdermal
scopolamine) [28].

3.6.3 Medications for Abdominal Pain

Gastroparesis can be associated with abdominal pain in as
many as 50 % of patients with gastroparesis at tertiary care
centers. There are no trials to guide the choice of agents. Low-
dose tricyclic antidepressants, duloxetine, gabapentin, and
pregabalin can be used. A 15-week multicenter parallel group
placebo-controlled double-blind randomized clinical trial
comparing nortriptyline with placebo for symptomatic relief
in idiopathic gastroparesis of 138 patients failed to show sig-
nificant improvement in symptoms [29]. Tramadol may be
considered for refractory symptoms. Opiates should be
avoided because of their inhibition on gastric motility and
addiction potential.

3.7 Endoscopic and Surgical Management

3.7.1 Botulinum Toxin

Intrapyloric injection of botulinum toxin is thought to
decrease pylorospasm associated with gastroparesis and pos-
sibly improve symptoms. Several small open-label and retro-
spective studies showed improvement in symptoms and
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improvement in gastric emptying [30-34]. However, two
small randomized double-blind placebo-controlled trials
failed to show benefit between saline injection and botuli-
num toxin [35, 36]. Because efficacy of botulinum toxin has
not been demonstrated effective in prospective double-blind
studies, current clinical guidelines do not recommend the use
of botulinum toxin. Despite lack of definitive supporting evi-
dence, botulinum toxin is performed at many centers particu-
larly when pyloric dysfunction is suspected. Clinically, there
may be some benefit to some patients; however, botulinum
toxin injection requires frequent treatments to remain
effective.

3.7.2  Gastrostomy/Jejunostomy

Enteral nutrition is recommended in patients with insuffi-
cient oral intake, unintentional loss of 10 % or more of body
weight during a 3-6-month period, and/or repeated hospital-
izations for refractory symptoms [37]. If enteral supplementa-
tion may be required for more than 3 months, it is best to
provide enteral supplementation through a jejunostomy tube.
Enteral nutrition is always preferred to parenteral nutrition,
as parenteral nutrition has risks of infection and liver disease.
A short-term nasojejunal feeding tube can be used to deter-
mine if the patient will tolerate feeding through permanent
enteral access. Feeding jejunostomy can be placed to improve
symptoms and nutritional status but can be associated with
complications such as tube dislocation or migration, bowel
obstruction, bleeding, bowel perforation, abdominal wall
infection, enterocutaneous fistulas, and intestinal ischemia.
Jejunostomy can be placed by open or laparoscopic surgery.
It is not advisable to place endoscopically, because of a high
rate of tube placement failure and complications [38]. An
additional insertion of a venting gastrostomy can additionally
improve symptoms of gastroparesis with severe intractable
nausea and vomiting.
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3.7.3 Gastric Electrical Stimulation

Gastric electrical stimulation (GES) is an increasingly uti-
lized method for treatment. There is one device (Enterra®)
that is approved by the FDA with a Humanitarian Device
Exemption for patients with refractory symptoms. Gastric
electrical stimulation is generally reserved for patients with
persistent nausea and vomiting despite medical treatment for
at least 1 year. This device produces low-energy high-
frequency (12/min) pulses of short duration that do not affect
gastric emptying but have been shown to improve symptoms,
nutrition, weight, and glycemic control. The mechanism of
action is unclear, but the current hypothesis is that GES
stimulates afferent pathways to the brain to control nausea
and vomiting. The majority of data of the benefits has been
from open-label, uncontrolled studies. A prospective study of
151 patients (72 diabetic, 73 idiopathic, 6 others) with refrac-
tory gastroparesis found the most clinical improvement in
diabetic patients. The symptoms which most significantly
improved included nausea, loss of appetite, and early satiety
[39]. Following GES placement, patients had significant
improvement in total symptom score, nausea severity score,
and requirement for enteral or parenteral nutrition [40]. The
device removal or reimplantation rate was 8.3 % [40]. This
suggests GES is relatively safe and effective; however, con-
trolled studies are required to confirm the clinical benefits.

3.7.4 Surgical Pyloroplasty

There are limited data for pyloroplasty, but small studies sug-
gest surgical pyloroplasty can accelerate gastric emptying and
improve symptoms in select patients, particularly those with
refractory symptoms and clinical suspicion for pyloric dys-
function. The two largest studies showed clinical improve-
ment of 82 % and 83 %, respectively; however, there are no
randomized trials to evaluate pyloroplasty [41, 42].
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3.7.5 Gastrectomy

This is reserved as a last resort and there is limited data avail-
able regarding gastrectomy. In a small subset of carefully
selected patients, major gastric surgery can effectively relieve
distressing vomiting from severe gastroparesis and improve
quality of life in seriously affected patients in whom risk of
subsequent renal failure is high and in whom life expectancy is
poor. There are very few studies about outcomes after gastrec-
tomy, but they were performed in patients with postsurgical-
induced gastroparesis not diabetic gastroparesis. There is
insufficient evidence in support of gastric surgery for the treat-
ment of diabetic gastroparesis, and surgery is generally not
recommended [43]. Symptoms may not be improved after
gastrectomy due to concomitant small bowel denervation [44].
Additionally, patients with diabetic gastroparesis often have
other comorbidities and are not ideal surgical candidates.

3.8 Miscellaneous Treatments

3.8.1 Psychological and Alternative Treatments

Anxiety and depression can be associated with gastroparesis,
and consultation with a mental health provider may be helpful.
Acupuncture, electroacupuncture, and acupressure stimula-
tion of specific pressure points have been used for symptom
relief. A meta-analysis of 14 randomized controlled studies
showed that acupuncture had significantly improved dyspeptic
symptoms (including nausea, vomiting, loss of appetite, and
stomach fullness) compared with a control group, despite there
being no difference in solid gastric emptying [45]. However,
these studies were of low quality with a high risk of bias, and
large-scale high-quality randomized clinical trials are needed.

3.8.2 Investigational Therapies

Camicinal, a motilin agonist, and relamorelin, a 5-HT4 recep-
tor agonist, are investigational therapies for patients with
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diabetic gastroparesis [46-51]. There are also therapies under
investigation that target pylorospasm and include pylorus
stent placement, endoscopic pyloric myotomy, or laparo-
scopic pyloroplasty. In the future, stem cell therapies might be
available.

3.9 Accelerated Emptying (Rapid Gastric
Emptying)

In a subset of patients with diabetes, gastric emptying can be
abnormally accelerated (also referred to a “dumping syn-
drome”). Symptoms are often difficult to distinguish from
those with delayed gastric emptying. Patients with rapid
gastric emptying can have poor postprandial glycemic control
and postprandial upper abdominal symptoms such as abdomi-
nal discomfort, bloating, nausea, or vomiting. The bloating and
abdominal discomfort can occur as a result of rapid filling,
nutrient shifts, and small bowel distension rather than gastric
distension [13]. Worsening symptoms with a prokinetic agent
can be a sign of possible accelerated emptying. Gastric empty-
ing studies will demonstrate accelerated emptying. For these
patients, treatment includes avoidance of consuming fluids
during and 30 min after meals as well as the addition of
dietary fiber supplements (i.e., guar gum, pectin, locust bean
gum) to delay gastric emptying. Treatment with GLP-1 ago-
nists like exenatide, which are known to inhibit gastric empty-
ing, may be required in addition to dietary maneuvers [54].

3.10 Conclusion

Diabetic gastroparesis is a serious complication of diabetes.
The magnitude of delay in gastric emptying often does not
correlate with the severity of symptoms. The main focus for
management should be on control of hyperglycemia and
dietary modifications. If symptoms are not responsive to
dietary changes and glucose control, medication and surgical
management may aid in symptom control.
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Chapter 4

Small Intestine and Colon
Complications in Patients
with Diabetes

Ashish Sharma and Milena Gould Suarez

4.1 Introduction

Although gastrointestinal problems are extremely common
in the general population, the incidence of certain gastroin-
testinal conditions such as diarrhea, small intestine bacterial
overgrowth, constipation, and fecal incontinence is more
common in diabetes mellitus (DM). Diabetic neuropathy
plays a central role in their pathogenesis. Limited familiarity
with these conditions associated with DM leads to delay in
their recognition and appropriate management. In this
chapter, the effects of DM on the small and large intestine, as
well as the associated gastrointestinal problems, are
discussed.
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4.2 Pathophysiology of Intestinal
Dysfunction

Diabetic enteropathy encompasses small intestinal and
colorectal dysfunctions such as diarrhea, constipation, and/or
fecal incontinence. It is more commonly seen in patients with
long-standing diabetes, especially in those with gastroparesis.
Development of diabetic enteropathy is complex and multi-
factorial. It involves both reversible and irreversible pro-
cesses. Hypoglycemia and hyperglycemia have reversible
effects on the metabolic and signaling pathways of enteric
neurons and alter intestinal function in a manner that is
potentially reversible with more effective glycemic control.
However, gastrointestinal symptoms and complications do
not always correlate with the duration of diabetes, glycemic
control, or with the presence of autonomic neuropathy, which
is often assumed to be the major cause of many gastrointesti-
nal symptoms. Other pathophysiologic processes operative in
diabetic enteropathy include enteric myopathy and neuropa-
thy; however, causes of these abnormalities are unknown [1].

An intriguing and potentially important factor in diabetic
enteropathy is the dysfunction of interstitial cells of Cajal
(ICC). ICCs serve as pacemaker cells regulating intestinal
motility and mediating peripheral nerve input to the gut.
ICCs have many subtypes based on their anatomical location
within the wall of the GI tract and are located in the myen-
teric plexus, circular or longitudinal muscle layer, deep mus-
cular plexus, submucosa, or subserosa. Loss of ICC and an
imbalance in the number of excitatory and inhibitory enteric
nerves (autonomic neuropathy) are observed in gastric and
intestinal regions in animal models of diabetes and in patients
with the disease [2]. Decreased a2-adrenergic input as a part
of autonomic neuropathy causes altered adrenergic regula-
tion of fluid and electrolyte transport [3]. Loss of ICC may be
caused by reduced levels of trophic factors such as stem cell
factor (SCF), which is normally produced by intestinal
smooth muscle cells [4]. Decreased SCF production occurs



Chapter 4. Small Intestine and Colon Complications 51

when decreased insulin and/or insulin-like growth factor 1
signaling in patients with diabetes causes intestinal smooth
muscle atrophy. Other potential etiologies of intestinal dys-
function in diabetic patients include ischemia and hypoxia
from microvascular disease of the gastrointestinal tract, mito-
chondrial dysfunction, formation of irreversible advanced
glycation end products, and peroxynitrite-mediated endothe-
lial and enteric neuron damage [5].

Collectively, the effects of diabetes on several targets
cause aberrations in gastrointestinal function and regulation.
Loss of ICC, autonomic neuropathy, and imbalances in the
number of excitatory and inhibitory enteric neurons can
drastically alter complex motor functions such as peristalsis,
reflexive relaxation, sphincter tone, vascular flow, and intesti-
nal segmentation [5].

Small bowel and colonic diseases/complications associated
with DM which will be discussed in this chapter include:

e Celiac disease

e Diabetic diarrhea

¢ Small intestine bacterial overgrowth (SIBO)
e Fecal incontinence

e Constipation

e Colon cancer

4.3 Celiac Disease

Celiac disease is an immune-mediated enteropathy in which
dietary gluten leads to inflammation, villous atrophy of the
small intestinal villi, and malabsorption. Celiac disease affects
approximately 1 % of the US population; however, this risk
is much higher in patients with type 1 diabetes mellitus
(T1DM). Approximately 3-8 % of patients with TIDM have
celiac disease [6]. In the vast majority of cases, the diagnosis
of T1IDM precedes that of celiac disease. Celiac disease and
T1DM share human leukocyte antigen (HLA) and non-HLA
susceptibility genes. A common environmental, microbial, or
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immunologic entity has been postulated but has not been
fully elucidated. There is insufficient evidence for testing
asymptomatic patients with T1IDM for celiac disease; how-
ever, symptomatic patients with diarrhea/steatorrhea, weight
loss, abdominal pain, and/or anemia should be screened [7, 8].

The pathology seen in celiac disease is due to initiation of
innate and adaptive immune response resulting from perme-
ation of a-gliadin (component of gluten found in wheat, rye,
or barley) into lamina propria, as well as intraepithelial lym-
phocyte activation, that leads to an inflammatory infiltrate in
the small bowel with villous destruction. This only happens in
a genetically susceptible individual who possess HLA-DQ?2
and/or HLA-DQS [9].

Clinical manifestations include abdominal pain, steator-
rhea/diarrhea, weight loss, symptoms of anemia, or nutri-
tional deficiencies. In young children with TIDM, sudden and
perhaps paradoxical improvement in glycemic control due to
malabsorption of nutrients should prompt screening for
celiac disease. Celiac disease may have overlapping symp-
toms with irritable bowel syndrome (IBS) irrespective of the
presence of DM; however, the current evidence regarding
this relationship is conflicting [10, 11]. The most common
dermatologic manifestation of celiac disease is dermatitis
herpetiformis, a pruritic, erythematous blistering lesion
located on extensor surfaces. The presence of this rash should
also prompt testing for celiac disease.

Screening for celiac disease begins with serologic testing
which includes a total immunoglobulin A (IgA) and tissue
transglutaminase (TTG) IgA levels [12]. In individuals with
low or absent IgA levels, the presence of deamidated gliadin
peptide (DGP) IgG and/or TTG IgG antibodies may be a
useful screening tool. In patients with >5 % probability of
celiac disease (such as first-degree relatives of patients with
celiac disease, patients with T1DM, autoimmune thyroid dis-
ease, and autoimmune liver disease) and negative serological
status, upper endoscopy with duodenal bulb and distal duo-
denal biopsies should be obtained to confirm the diagnosis
[13]. Endoscopic appearance of the duodenum may be abnor-



Chapter 4. Small Intestine and Colon Complications 53

mal with scalloping or flattening of folds. Duodenal biopsies
may reveal a spectrum of changes including crypt hypertro-
phy, villous atrophy, and a lymphocytic inflammatory infil-
trate [12]. Diagnostic algorithm for celiac disease is shown in
Fig. 4.1 [13].

Elimination of dietary wheat, rye, and barley is the current
therapy for celiac disease. Nutritional consultation and sup-
port groups may offer assistance in helping patients adhere to
a gluten-free diet.

4.4 Diabetic Diarrhea

Diarrhea is a common complaint in DM. Diarrhea is defined
as having more than three bowel movements per day, urgency,
or loose, watery stools. According to one study, the adjusted
odds ratio for diarrhea was 2.06 in patients with diabetes

High probability (>5%; Low probability (<5%)
igh p y
GA IgA = IgA level

Duodenal biopsy - Negative TTGA Negative TTGA
TTGA IgA RS Low IgA Normal IgA
) TTGA IgG = !
Duodenal biopsy DGP IgG CD unlikely
Both negative Both positive Biopsy/serology All negative
disagreement

* HLA DQ2 and
" DQ8 genotyping
CD unlikely o Measure IgA
level + TTGA/
CD

o Work-up for

other causes of
villous atrophy

FIGURE 4.1 Celiac disease diagnostic testing algorithm. DGP, deami-
dated gliadin peptide; HLA, human leukocyte antigen; Ig, immuno-
globulin; TTGA, tissue transglutaminase antibody (Reproduced
from Rubio-Tapia [13] ©Nature)
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when compared with controls, with a prevalence of diarrhea
at 15.6 % [14].

Etiologies of diarrhea in diabetes are multifactorial and
include rapid intestinal transit, drug-induced diarrhea, small
intestine bacterial overgrowth, celiac disease, pancreatic exo-
crine insufficiency, dietary factors, anorectal dysfunction,
fecal incontinence, and microscopic colitis [1]. Some of these
etiologies are discussed separately later in this chapter.

A single or combination of multiple pathophysiological
mechanisms may be responsible for diabetic diarrhea. Some of
these mechanisms include diabetic enteropathy, decreased o2-
adrenergic input, and intestinal dysmotility resulting in short-
ened or prolonged transit time. Medications (e.g., acarbose and
miglitol) and dietary products (e.g., artificial sweeteners) can
cause osmotic diarrhea. Metformin, which originates from a
plant called goat’s rue (Galega officinalis), increases the risk of
diarrhea by threefold. This is related to decreased disacchari-
dase activity at brush border and increased serotonin levels
[15]. Diarrhea can be early or late onset and is typically associ-
ated with dose escalation. Orlistat can cause fat malabsorption.
Celiac disease and microscopic colitis are other common
causes. Autoimmune pancreatitis can be associated with T1IDM,
resulting in pancreatic exocrine insufficiency and diarrhea [1,
16]. Diarrhea can be present when diabetes is a result of
chronic pancreatitis (pancreatic diabetes [type 3C diabetes]).
Autonomic neuropathy from poor glycemic control can affect
anal sphincter function and rectal sensation, leading to fecal
incontinence and diarrhea [1]. Autonomic neuropathy can also
lead to orocecal transit time of <30 min, resulting in rapid
intestinal transit and diarrhea [17]. It is important to differenti-
ate whether diarrhea is caused by rapid intestinal transit vs.
SIBO. Nuclear scintigraphy in combination with hydrogen
breath tests can be helpful in this situation [17]. Newer technol-
ogy such as wireless motility capsule may also be utilized [18].
This differentiation has key clinical implications with regard to
the use of antimotility agents or antibiotics in a particular case.
Figure 4.2 shows a diagnostic algorithm to help navigate a case
of diabetic diarrhea [1].
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Obtain history and physical, blood and stool tests (including fat, leukocytes, parasites, elastase, calprotectin)

Trial of elimination of diarrhea-inducing medications and dietary culprits

If no identifiable source for the diarrhea is found, follow the pathway below based on the patient’s clinical picture

Fatty Watery Inflammatory
Diarrhea Diarrhea Diarrhea

Rule out pancreatic Rule out celiac Rule out motility Rule out microscopic f§ Rule out other

insufficiency disease disorder/SIBO colitis causes including IBD,
o Check IgA, EMA, o Nuclear o Colonoscopy with [ infection, ischemia

o Check fecal fat or tTG serology scintigraphy random biopsies

o Trial of pancreatic and get a small « Hydrogen breath
enzymes bowel biopsy test
* Repeat elastase

FIGURE 4.2 Diagnostic algorithm for diarrhea in the diabetic patient.
This strategy can be used as a guide to workup diabetic diarrhea.
EMA, epithelial membrane antigen; IBD, inflammatory bowel dis-
ease; SBBO, small bowel bacterial overgrowth; TTG, tissue transglu-
taminase (Reproduced with permission from Gould et al. [1]
©Springer)

Treatment of diabetic diarrhea starts with improved glyce-
mic control. According to one study, patients with self-reported
good glycemic control had a prevalence of 12.3 % of diarrhea
symptoms, while those with poor control had a prevalence of
32.4 %. [14]. Identification of a specific etiology for diabetic
diarrhea provides an opportunity for focused, effective ther-
apy. Eliminating potential medicine or dietary triggers is
important. Those with well-documented SIBO respond well to
a rotating antibiotic regimen. Nonspecific therapy with loper-
amide generally controls rapid intestinal transit. More potent
opiates (e.g., deodorized tincture of opium) are occasionally
required. In patients who do not respond, clonidine, a
o2-adrenergic agonist, can also treat idiopathic diarrhea [3].
However, it should be used with caution, given the potential
for hypotension. Octreotide is another option in the diabetic
patient with difficult-to-control diarrhea [19].
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4.5 Small Intestine Bacterial Overgrowth

SIBO is characterized by alterations in the type and quantity
of bacteria within the small intestine, resulting in significant
changes in the microbiota of the small intestine causing gas-
trointestinal symptoms. In the general population, prevalence
of symptomatic SIBO is estimated to be closer to 6 % [20].
However, the incidence of SIBO in patients with DM and
diarrhea is much higher, approaching closer to 50 % in one
study [20].

The pathology of SIBO is related to decreased acid in the
stomach (acid decreases overall bacterial burden), abnormal
gastrointestinal motility and slow transit (leads to stasis of
intestinal contents and subsequent bacterial overgrowth), or
structural abnormalities from surgeries, particularly blind
loops, may also create reservoirs that enable overgrowth of
bacteria. DM is known to cause gastroparesis and abnormal
intestinal motility.

SIBO leads to carbohydrate malabsorption (due to disrup-
tion of intestinal brush border resulting in decreased disac-
charidase activity), excessive gas production (from
carbohydrate digestion by bacteria), and generation of
inflammatory cytokines, short-chain fatty acids, and bile salt
deconjugation. Due to bacterial deconjugation of bile salts,
SIBO may lead to fat malabsorption and steatorrhea and
subsequent deficiency of Vitamin A, D, E, and K [21]. Bile salt
deconjugation may also lead to bile acid diarrhea due to
direct secretory effect of bile acids on colonic mucosa and
impaired enterohepatic reabsorption [22]. Anaerobic bacte-
ria scavenge vitamin B12 leading to its deficiency. Figure 4.3
delineates the factors affecting development of SIBO [22,23].

The typical symptoms of SIBO are nonspecific and include
abdominal pain with bloating, gas, and diarrhea. Other fre-
quently reported symptoms include flatulence, abdominal
distension, and weakness. The symptoms are frequently
vague and overlap with IBS-D. In patients with DM and the
above symptoms, SIBO should be considered.
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Density) Composition Intrinsic factors Extrinsic factors
10'-10° Slreplocqccus Gastric acid Diet, Pre and probiotics
10100 —H D o, PPIs, H2 blockers
Motility Antibiotics
Mucus Prokinetics
104-107 Streptococcus . .
Lactobacillus Gl secretions Laxatives
100- 10" Enterobacteriaceae [UNSTe (ol F1] Opioids
Bacteroides pepilss NSAIDs

Eubacterium Immunity (slgA)
Clostridium
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‘ Colon contractions
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FIGURE 4.3 Multiple intrinsic and extrinsic factors can affect the
microbiota. A number of host mechanisms participate in gut micro-
biota modulation, including gastric acid secretion, antibodies, anti-
microbial peptide production, and gastrointestinal motility. Drugs
that inhibit acid secretion alter the microbiota. Antibiotics, dietary
modifications, probiotics, and fiber supplements will affect the
microbiota makeup. G/ gastrointestinal, H+ hydrogen ions, MMC
migrating motor complexes, NSAID nonsteroidal anti-inflammatory
drug, O2 partial oxygen tension, PPI proton pump inhibitor, sIgA
secretory immunoglobulin A (Reproduced with permission from
Simrén et al. [23] © BMJ)

Quantification of bacteria from jejunal aspirate on EGD is
the gold standard for diagnosis. A cutoff value of 100,000 CFU/
mL is used. The test is costly, and it is cumbersome to handle
specimen and difficult to culture intestinal bacteria, which
makes it less practical. Other noninvasive tests such as glucose
hydrogen breath test lack sensitivity, specificity, and accuracy
when compared to bacterial quantification [24]. However, glu-
cose hydrogen breath test when performed in combination with
measurement of intestinal transit increases the accuracy of diag-
nosis. Given its practicality, empiric treatment with antibiotics is
an acceptable alternative in most cases with suspected SIBO.
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Management includes correction of the underlying condi-
tions (such as impaired motility and poor glycemic control),
correction of nutritional deficiencies (fat-soluble vitamins
and vitamin B12), and use of antibiotics. Specifically for DM
where intestinal motility may be impaired, good glycemic
control and short-term use of prokinetics are advised. The
most well studied and extensively used antibiotic is rifaximin
for SIBO; however, its cost is a deterrent for routine use.
Recurrence of SIBO is common and may respond to repeated
courses of antibiotics. In refractory cases, patients may
require continuous cycling of antibiotics to control symptoms.
Judicious use of antibiotics is recommended. Table 4.1 delin-
eates the antibiotic type and its duration for treatment of
SIBO [25].

4.6 Fecal Incontinence

Fecal incontinence may affect up to 9 % of non-
institutionalized US adults and is more common with older
age [26,27]. Specifically with diabetes, the odds ratio of devel-
oping fecal incontinence is 1.5 according to the largest cross-

TaBLE 4.1 List of common antibiotics with their respective doses
and duration of therapy used for treatment of small intestine bacte-
rial overgrowth (SIBO)

Oral antibiotics Dosage Duration
Rifaximin 1,200-1,600 mg daily 10 days
Flagyl 250-500 mg BID to TID 7 days
Ciprofloxacin 250-500 mg BID 7-10 days
Tetracycline 250-500 mg QID 7 days
Doxycycline 100 mg BID 10 days
Augmentin 500/125 mg TID 7-10 days
Norfloxacin 400 mg BID 7 days

Adapted from Shah et al. [25] ©Wiley
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sectional study to date based on the National Health and
Nutrition Examination Survey (NHANES) database [26, 27].
Incontinence can be primary, caused by anorectal dysfunc-
tion, or secondary as a result of diarrhea. Fecal incontinence
is related to autonomic neuropathy, impaired rectoanal
reflex, and direct effect of glycemic control on internal anal
sphincter [28,29]. In a study evaluating anorectal sensory and
motor function, researchers found that diabetic patients with
fecal incontinence required a significantly larger volume to
experience rectal sensation, which in turn leads to overflow
incontinence [29]. Alternate etiologies such as damage to the
internal anal sphincter from previous childbirth, surgery, or
trauma should also be excluded. Fecal incontinence is distinct
from stool seepage, producing soilage of undergarments that
may result from hemorrhoids, enlarged skin tags, poor
hygiene, fistula-in-ano, and rectal mucosal prolapse. Fecal
incontinence manifests with low volume “diarrhea,” and noc-
turnal symptoms are common.

Biofeedback therapy is effective in decreasing fecal soiling
and increasing continence somewhat [29]. Although anal rec-
tal dysfunction is attributable to autonomic neuropathy, evi-
dence exists that acute changes in glucose can affect anorectal
nerve function. In patients with DM, hyperglycemia affects
external anal sphincter compliance and rectal compliance.
These findings suggest improved glycemic control may
improve fecal incontinence [28]. In addition, symptomatic
treatment of diarrhea with loperamide or diphenoxylate may
be a simple first step.

4.7 Constipation

Constipation is a common problem seen with long-standing
DM. It is more common than in general population, where
the incidence varies from 2 % to 30 % [30]. It affects 60 % of
the patients with DM and is more common than diarrhea
[14]. The prevalence of constipation is higher in women than
men and is more prevalent among patients with diabetes who
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are taking medications that promote constipation such as
calcium channel blockers [31].

Constipation is likely related to slow colonic transit caused
by loss of ICC function and smooth muscle myopathy,
although autonomic neuropathy and neuroendocrine imbal-
ances might also contribute [5]. Diagnosis is clinical; however,
a Sitz marker study and wireless motility capsule can be uti-
lized to support the clinical diagnosis. Rare complications of
constipation may include megacolon, intestinal-colonic
pseudo-obstruction, stercoral ulcer, perforation, and overflow
diarrhea [32].

There are no specific treatments for diabetes-associated
constipation, although better glycemic control may be of
some benefit. In most cases, patients are treated in the same
way as those with idiopathic chronic constipation.

4.8 Colon Cancer

Colorectal cancer is the third most common cancer in men
and the second in women [33]. Individuals with type 2 DM
have an increased risk of colorectal cancer when compared
with their nondiabetic counterparts [34]. With the global
increase in type 2 DM, it is important to recognize this asso-
ciation. Shared risk factors for colorectal cancer and type 2
DM include obesity, sedentary lifestyle, and high-caloric diet.
There has been a fairly consistent and moderate increased
risk of colorectal cancer associated with type 2 DM vs. no
diabetes and obesity vs. no obesity [35, 36]. This may be
related to a progressive decrease in insulin sensitivity in dia-
betic patients leading to chronic compensatory hyperinsu-
linemia. Mechanistically, insulin may promote colorectal
carcinogenesis through a cross talk with the insulin-like
growth factor 1 (IGF-1) receptor, which stimulates epithelial
cell proliferation and prolongs cell survival [36].

According to a recent large observational population-
based cohort study, type 2 DM was associated with a 1.3-fold
increased risk of colorectal cancer compared to the general
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population. Risk of colorectal cancer was significantly
increased for patients with DM and recorded duration of
obesity of 4 years or more [37]. Increased incidence of diabe-
tes and obesity parallels the increased incidence and preva-
lence of colorectal cancer in the young patients (<50 years of
age) in the last three decades [38].

At this time, there are no specific guidelines to perform
colon cancer screening for younger patients with longer dura-
tion of type 2 DM and obesity. However, informing patients
of this risk and counseling them about better glycemic con-
trol and weight are advised.

4.9 Conclusion

Diabetes can have a detrimental impact on the gastrointesti-
nal tract by causing many symptoms ranging from diarrhea to
constipation and, importantly, increasing a patient’s risk of
colon cancer. Physicians should have a high index of suspi-
cion for diabetes-related small and large bowel diseases when
treating a patient with DM and GI symptoms. In addition to
glycemic control, dietary products and medications are
important factors to consider in the causation of symptoms.
Directing efforts at glycemic control are critical in helping
patients with symptoms. Finally, evaluation for conditions
such as celiac disease and colon cancer should be considered
in the appropriate clinical setting.
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Chapter 5

Nonalcoholic Fatty Liver
Disease

Aradhna Seth and Maya Balakrishnan

5.1 Introduction

Nonalcoholic fatty liver disease (NAFLD) is the main hepatic
complication of obesity, insulin resistance, and diabetes and
soon to become the leading cause for end-stage liver disease
in the United States [1]. NAFLD is characterized by an accu-
mulation of fat (steatosis) within >5 % of hepatocytes in the
absence of secondary causes of hepatic steatosis. NAFLD is a
spectrum of disease that ranges from steatosis (hepatic fat
without significant hepatocellular injury) to nonalcoholic
steatohepatitis (NASH; hepatic fat with hepatocellular
injury) to advanced fibrosis and cirrhosis.

As a direct consequence of the obesity epidemic, NAFLD
is the most common cause of chronic liver disease, while
NASH is the second leading indication for liver transplanta-
tion [1]. NAFLD prevalence is estimated at 25 % globally [2]
and up to 30 % in the United States [3-5]. Roughly 30 % of
individuals with NAFLD also have NASH, the progressive
subtype of NAFLD. Within the United States, NAFLD
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prevalence varies among racial and ethnic subgroups, with
the highest prevalence observed among Hispanic persons
(estimated prevalence 27-29 %), followed by non-Hispanic
whites (15-18 %) and non-Hispanic blacks (11-16 %) [6, 7].
NAFLD prevalence increases with age, and some studies
suggest that NAFLD may be more prevalent among men
compared to women [3, 5, 8].

Established risk factors for NAFLD are obesity, particu-
larly central obesity, type 2 diabetes, hypertriglyceridemia,
and the metabolic syndrome (Table 5.1) [9]. More recently
recognized risk factors include polycystic ovarian syndrome
and obstructive sleep apnea; the latter may contribute to
NAFLD independent of obesity due to hypoxia perpetuating
insulin resistance [10-12]. Patients with diabetes and NAFLD
tend to have more aggressive diseases (vis-a-vis progression
to cirrhosis and liver-related mortality) compared to those
without diabetes [13]. NASH is estimated at 22 % among
patients with diabetes, compared to 5 % of the general popu-
lation [4, 14].

TaBLE 5.1 Features of the metabolic syndrome. Metabolic syndrome
is diagnosed in the presence of >3 features [52]

Cause Method of evaluation
Central obesity Waist circumference >102 cm in men

Waist circumference >88 cm in

women

Impaired fasting Fasting blood glucose >110 mg/dL
glucose

Hypertension Systolic blood pressure >130 mmHg or

diastolic blood pressure >85 mmHg
Hypertriglyceridemia Triglycerides >150 mg/dL

Low HDL cholesterol HDL <40 mg/dL in men, HDL <50 mg/
dL in women

HDL high-density lipoprotein
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5.2 Diagnosis

Current guidelines from the American Association of the
Study of Liver Disease and the European Association for the
Study of the Liver advise against routinely screening for
NAFLD in the general population due to uncertainties sur-
rounding diagnostic tests and treatment options [5, 15]. Thus,
NAFLD is typically diagnosed following incidental detection
of elevated aminotransferases or steatosis on abdominal
imaging. NASH cirrhosis is often diagnosed incidentally after
the discovery of cirrhosis.

Making a diagnosis of NAFLD requires demonstration of
hepatic steatosis (by imaging or liver biopsy) and exclusion of
secondary causes of hepatic steatosis and alternate causes of
liver disease (Table 5.2). Clinical history, biochemical testing,
and imaging findings are used in combination to diagnose
NAFLD.

Patients with NAFLD may present with nonspecific symp-
toms such as fatigue or right upper quadrant pain but are
generally asymptomatic. Physical exam may reveal hepato-
megaly or signs of insulin resistance (dorsocervical hump or
acanthosis nigricans). Women with NAFLD may have find-
ings that raise suspicion for polycystic ovarian syndrome (i.e.,
history of irregular menses and/or infertility and hirsutism).
Blood work may reveal elevated aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) two to three
times the upper limit of normal, with aspartate transaminase
(AST)/alanine transaminase (ALT) enzyme ratio <1. An
AST/ALT ratio >1 may indicate the presence of cirrhosis. It
is important to note that ALT and AST are often normal
among patients with NAFLD and are not reliable indicators
of the presence or severity of NAFLD [9, 16, 17].

If NAFLD is suspected in a patient with elevated amino-
transferases, imaging should be done to evaluate for hepatic
steatosis. Abdominal ultrasound, magnetic resonance imaging
(MRI), and computed tomography (CT) scanning are the
available imaging modalities. Abdominal ultrasound is the
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TaBLE 5.2 Secondary causes of hepatic steatosis and liver disease:
suggested workup

Abnormal values that
should trigger further
workup for alternative
Cause Screening method causes of liver disease
Alcohol History Heavy alcohol use
defined as

> 21 drinks/week
for men

>14 drinks/week
for women for at
least 2 years

Medications  Medication review for Positive medication
amiodarone, tamoxifen, review
corticosteroids,
methotrexate,

valproate, highly active
antiretroviral therapy

Infections Hepatitis C antibody Positive serology

Hepatitis B surface
antigen

Hepatitis B core

antibody
HIV
Wilson’s Ceruloplasmin Ceruloplasmin
disease <20 mg/dL
(screen
patients
< 45 years)
Autoimmune Antinuclear antibody Positive serology
hepatiti .
cpatitts Smooth muscle antibody
Iron overload Ferritin Transferrin saturation

>45 % and ferritin
>200 (premeuopausal
woman) OR >300
(postmenopausal
woman or man)

Transferrin saturation
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first-line imaging test for steatosis. The advantages of ultrasound
are that it is widely available, inexpensive, and noninvasive; the
disadvantages are that it is operator dependent, limited by
central obesity and overlying intestinal gas, and has a very low
sensitivity detecting hepatic fat content <30% [18]. MRI is the
most sensitive modality for detecting hepatic steatosis and can
precisely map and quantify hepatic fat; however, its clinical use
is restricted by limited availability, cost, and patient claustro-
phobia [19]. CT scan is the least favored option because it is
the least sensitive for hepatic steatosis and is further limited by
expense, radiation, and intravenous iodine contrast exposure
[20]. None of these imaging techniques can be used to distin-
guish between the subtypes of NAFLD (simple steatosis vs.
NASH) or to stage liver fibrosis.

A complete workup should be done to exclude alternative
causes of hepatic steatosis and chronic liver disease as out-
lined in Table 5.2. The most frequent secondary causes of
hepatic steatosis include hepatitis C infection (see Chap. 7),
excessive alcohol intake, and a variety of medications such as
amiodarone, tamoxifen, methotrexate, and steroids among
others [5]. Autoantibodies (antinuclear antibody and anti-
smooth muscle antibody) are positive up to 20 % of patients
with NAFLD and are not associated with autoimmune hepa-
titis [21]. Serum ferritin is frequently elevated in the setting
of NAFLD and may reflect inflammatory activity and/or
insulin resistance. However, if positive autoantibodies or
elevated ferritin are found, further diagnostic testing must be
done to evaluate for autoimmune hepatitis and hemochro-
matosis, respectively, before concluding NAFLD. If there is
diagnostic uncertainty, a liver biopsy should be performed.

Unfortunately, NASH may be diagnosed for the first time
in a patient who has already developed cirrhosis. These
patients are often described as having “cryptogenic cirrhosis.”
Patients with NASH cirrhosis will have typical physical exam
and biochemical findings of cirrhosis. Imaging and liver
biopsy are not useful for establishing NASH as the cause of
cirrhosis. This is because advanced fibrosis results in perma-
nent change in liver morphology with loss of steatosis and
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hepatocyte ballooning. When fatty acids accumulate causing
lipotoxicity, the liver’s protective mechanisms can become
overwhelmed. Consequently, this activates several signaling
pathways causing release of profibrotic cytokines and activa-
tion of hepatic stellate cells, both of which promote formation
of fibrotic tissue [22]. Thus, imaging and liver histology will
show findings of cirrhosis but will no longer demonstrate
hepatic steatosis [23]. Instead, NASH is diagnosed based on
exclusion of alternative causes of liver disease (Table 5.2) and
medical history suggestive of a history of central obesity, fea-
tures of metabolic syndrome, and/or type 2 diabetes.

5.3 NAFLD Subtypes, Natural History,
and Prognosis

Compared to the general population, NAFLD is associated
with excess mortality from three main causes in the following
order: cardiovascular complications, (all-cause) malignancy,
and liver disease [24, 25]. The two main subtypes of NAFLD
are simple steatosis and NASH. Evaluation of liver histology
is the only way to distinguish between NAFLD subtypes and
is the basis for therapeutic decisions. Knowledge of the stage
of fibrosis has important implications for prognosis. Liver
disease-related mortality is primarily associated with NASH
and with advanced fibrosis.

Simple steatosis (also known as nonalcoholic fatty liver) is
characterized by the presence of steatosis without ballooned
hepatocytes (which represents hepatocyte injury) or fibrosis.
Mild inflammation may be present. Simple steatosis is associated
with a very low risk of progressive liver disease and liver-related
mortality. Because of the low risk of liver-related complications,
the simple steatosis subtype does not require specific treatments
for liver disease. Patients with simple steatosis are at an increased
risk of cardiovascular complications compared to patients with-
out NAFLD, particularly if there is concomitant diabetes.
Therefore, cardiovascular risk factor reduction should be care-
fully pursued among patients with simple steatosis [5].
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The presence of ballooned hepatocytes in addition to ste-
atosis is the histologic feature diagnostic for NASH. Patients
with NASH are at risk for progressive liver fibrosis and liver-
related mortality, cardiovascular complications, and hepato-
cellular carcinoma (HCC) even in the absence of cirrhosis
[26]. Liver fibrosis stage progresses at an estimated rate of
one stage every 7 years [27]. Twenty percent of patients with
NASH will eventually develop liver cirrhosis [9]. Therefore,
management of patients with NASH should be geared
toward reducing the risk of liver disease progression.

Fibrosis is the only histopathologic feature that predicts
mortality [28, 29]. Fibrosis is staged using the Metavir scoring
system and ranges from absent (stage 0) to cirrhosis (stage 4).
Overall mortality is increased among patients with advanced
fibrosis (stage 3-4) compared with no/early fibrosis (stage
0-2) irrespective of the extent of steatosis, ballooning, and
inflammation [28]. The increased mortality seen among
patients with advanced fibrosis is related to complications of
liver disease, hepatocellular carcinoma, and possibly increased
cardiovascular disease.

5.4 Indications for Liver Biopsy

Liver biopsy is vital to determining therapy and establishing
prognosis of patients with NAFLD. Determination of a diagno-
sis of nonalcoholic steatohepatitis by liver biopsy is required
prior to the initiation of liver specific treatments. In addition,
liver biopsy allows for an assessment of hepatic fibrosis and
provides important prognostic information regarding mortality.
However, the cost, potential for complications, and invasive
nature of liver biopsy limit its universal use among patients with
NAFLD. Unfortunately, there are no guidelines with firm rec-
ommendations to guide the selection of candidates for liver
biopsy, and clinicians have to rely on clinical risk factors to iden-
tify patients with NAFLD most at risk for progressing to NASH.

Insulin resistance is strongly associated with
NASH. Metabolic syndrome, type 2 diabetes, and polycystic
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ovarian syndrome are associated with high risk of NASH on
index liver biopsy [30]. In addition, risk of NASH increases
with age (>45 years), hypertension, central obesity, dyslipid-
emia, the number of metabolic risk factors present, and those
with a family history of diabetes [31].

Based on these observations, patients with NAFLD with
features of the metabolic syndrome, insulin resistance, or type
2 diabetes should be considered for liver biopsy. Patients with
persistently abnormal aminotransferases (>6 months) or
clinical findings concerning for advanced fibrosis/cirrhosis
should also be considered for liver biopsy [5, 9].

5.5 Noninvasive Methods for Predicting
Fibrosis

Several noninvasive methods have been proposed for predic-
tion of advanced fibrosis. These include clinical prediction
models and liver elastography. While none are 100 % accu-
rate, these tools are frequently incorporated into clinical
practice to identify patients most at risk for advanced fibrosis
and, therefore, targeted for liver biopsy. The best validated
and most widely used clinical prediction model for advanced
fibrosis is the NAFLD fibrosis score (NFS). The NFS is based
on a formula consisting of routinely available clinical data
(age, body mass index [BMI], presence of hyperglycemia,
AST/ALT ratio, platelet count, and albumin) and is easily
determined using an online calculator (http://nafldscore.
com/). The formula provides an estimated stage of liver fibro-
sis for the individual patient, graded as FO-F4:

FO: indicates the absence of fibrosis

F1: perisinusoidal/portal fibrosis

F2: perisinusoidal and portal/periportal fibrosis
F3: septal or bridging fibrosis

F4: indicating cirrhosis [25]

Loosely, the terms perisinusoidal, portal, and septal indi-
cate the location of the fibrosis. F3 and F4 are considered


http://nafldscore.com
http://nafldscore.com

Chapter 5 Nonalcoholic Fatty Liver Disease 73

stages of advanced fibrosis. A NFS score below —1.455 identi-
fies patients at a low risk for advanced fibrosis (F3/F4) and
has a negative predictive value of 88 %. An NFS above 0.676
identifies patients who are at a high risk for advanced fibrosis
(F3/F4) with a positive predictive value of 82 %. An NFS
score between —1.455 and 0.676 falls in an indeterminate
range [32]. Depending on the study, 25-30 % of patients have
an indeterminate score [32, 33]. Nevertheless, the intermedi-
ate category in addition to high risk has been shown to
increase the likelihood of liver-related events and outcomes,
including mortality and liver transplantation [34]. Therefore,
when the NFS score is used to choose candidates for liver
biopsy, an intermediate or high-risk score (NFS score
>—1.455) is used as the threshold for liver biopsy.

Advances in imaging technology have yielded elastogra-
phy techniques that can estimate hepatic fibrosis noninva-
sively. Elastography is based on the principle that liver
stiffness increases with worsening liver fibrosis. Transient
elastography (TE) and magnetic resonance elastography
(MRE) are the two most extensively studied liver elastogra-
phy methods for NAFLD. TE is an ultrasound-based elastog-
raphy technique that uses mechanical vibrations to estimate
elastography. TE can be performed in an office setting and
has reasonably good accuracy for predicting advanced fibro-
sis/cirrhosis, but its use is limited among morbidly obese
individuals [35]. MRE is more reliable and more accurate
[36] than TE for estimating liver fibrosis but is not routinely
available for clinical use.

5.6 Management

The risk of cardiovascular disease is increased across the
entire NAFLD spectrum. Therefore, management of cardio-
vascular risk factors (hyperlipidemia, hypertension, and dia-
betes) is of foremost importance. When indicated, statins
should be used for treatment of dyslipidemia. Statins are safe
among patients with NAFLD (even in the setting of elevated
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liver enzymes) and are not associated with an increased risk
of statin-induced hepatotoxicity [35]. All patients with
NAFLD should be immunized against hepatitis A and hepa-
titis B and should be advised to avoid heavy alcohol intake
(Table 5.2).

All patients should be directed to lose weight with the goal
of achieving a normal BMI and waist circumference. Weight
loss is associated with meaningful improvement in NASH
histology. A recent prospective observational study among
293 patients with NASH demonstrated that 3-5 % weight
loss is associated with improvement in steatosis, >7 % weight
loss is associated with improvement in steatohepatitis (bal-
looning), and >10 % weight loss is associated with improve-
ment in fibrosis and the highest likelihood of NASH resolution
[37]. The challenge, however, is in motivating patients to
achieve and maintain sufficient weight loss [38]. Cognitive
behavioral therapy and frequent clinic visits counseling are
possible strategies for encouraging weight loss. Bariatric sur-
gery is associated with improvement in NAFLD, NASH, and
fibrosis [39, 40]. Bariatric surgery should be considered
among patients with severe obesity and complications but is
not an established therapy for NASH at this time.

Exercise, independent of weight loss, is important for
patients with NAFLD. At a minimum, the goal is for moderate-
intensity exercise for >30 min daily at least 5 days per week,
vigorous exercise for >20 min a day on 3 days a week, or some
combination of both [41]. Exercise along these lines is associ-
ated with a significant reduction of hepatic fat [42]. Resistance
training can improve muscle mass and thereby improve insulin
resistance, a principle driver of NASH pathophysiology [42].
But the evidence for whether resistance training can improve
hepatic fat is controversial. There is no evidence to show that
any form of exercise improves hepatocyte ballooning or fibro-
sis. Patients with NAFLD, therefore, should be given recom-
mendations to pursue regular aerobic exercise as outlined and
may pursue resistance training as an additional intervention
with the expectation that there might be improvements in insu-
lin sensitivity and hepatic steatosis but not NASH or fibrosis.
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The cornerstone of dietary recommendations is calorie
restriction with the goal of weight loss. There is evidence to
suggest that a Mediterranean diet is associated with reduc-
tion in hepatic steatosis and improvement in insulin sensitiv-
ity in the absence of weight loss [43]. However, there is not
enough evidence to recommend a specific diet to patients
with NAFLD [44]. Fructose intake is associated with greater
risk of NAFLD, and “fast-food” diets consisting of high cho-
lesterol, saturated fat, and fructose are associated with pro-
gressive fibrosis in animal models [45]. Therefore, intake of
fructose and diets high in saturated fats and high cholesterol
diet should be avoided.

In addition to lifestyle modifications and weight loss, liver-
specific pharmacotherapy should be considered among
patients with biopsy-proven NASH. Currently, there are no
drugs approved by the US Food and Drug Administration
(FDA) for the treatment of NASH, although vitamin E and
pioglitazone are used off-label.

Vitamin E is an antioxidant that is recommended at a dose
of 800 international units (IU) daily among nondiabetic non-
cirrhotic patients with biopsy-proven NASH. Efficacy of
vitamin E was initially demonstrated in the PIVENS trial
where patients with NASH treated with 800 IU of vitamin E
for 96 weeks had significant improvement in NASH histology
as compared with placebo (43 % vs. 19 %, P < 0.001) [46].
These findings were confirmed in a subsequent trial [47]. The
safety of long-term use of high-dose vitamin E in patients
with NASH is still unknown. Data from outside of hepatol-
ogy suggests that use of vitamin E at doses >400 IU daily is
associated with a small increase in all-cause mortality, hemor-
rhagic stroke, and prostate cancer.

Thiazolidinediones (TZDs) are useful for treatment of
NASH. Pioglitazone at a dose of 30-45 mg daily is recom-
mended among non-cirrhotic patients with diabetes and
biopsy-proven NASH. Pioglitazone was also examined in
the PIVENS trial where it narrowly missed the primary
end point but did show NASH resolution in 47 % of
patients, as opposed to 21 % of placebo-treated patients
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[46]. A later meta-analysis of four randomized controlled
clinical trials (RCTs) demonstrated that TZDs improve
steatosis, hepatocyte ballooning, and inflammation and
may improve fibrosis [48]. More recently, in a single-cen-
ter RCT among 101 patients with prediabetes or type 2
diabetes with NASH, pioglitazone was significantly asso-
ciated with greater histologic improvement and NASH
resolution when compared with placebo (histologic
improvement: 58 % vs. 17 %, P < 0.001; NASH resolution:
51 % vs. 19 %, P < 0.001) [49]. Widespread use of piogli-
tazone has been limited due to concerns of associated
weight gain (on average 3-5 kg) and concerns about the
small but significant associated risks of heart failure, blad-
der cancer, and bone fractures among women [5]. Based
on current evidence, however, pioglitazone is a treatment
option for NASH in carefully selected patients with pre-
diabetes and diabetes under close clinical monitoring for
development of edema and weight gain and in conjunc-
tion with a hepatologist.

Obeticholic acid (OCA) and liraglutide are pipeline
drugs that have shown promise for treatment of NASH in
recent clinical trials. OCA is a synthetic bile acid and a
farnesoid X nuclear receptor agonist. The FLINT trial, a
recently completed phase III RCT, demonstrated that
OCA-treated patients with NASH had significant improve-
ment in NASH compared with placebo (45 % vs. 21 %,
P = 0.0002). Importantly, patients treated with OCA also
had more improvement in fibrosis and weight loss when
compared to placebo. The most common adverse effect was
pruritus and worsening dyslipidemia [50]. Liraglutide is a
glucagon-like peptide-1 (GLP-1) receptor agonist approved
for the treatment of type 2 diabetes and obesity. The LEAN
trial, a recently completed phase II RCT, demonstrated
that liraglutide-treated patients had greater resolution of
NASH when compared to placebo (39 % vs. 9 %, P =0.019)
[51]. The drug was generally well tolerated, and adverse
effects included mild to moderate diarrhea, constipation,
and anorexia.
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5.7 Summary

NAFLD is a highly prevalent condition with both hepatic and
extrahepatic morbidity. Identifying the presence of NASH (a
progressive NAFLD subtype) has therapeutic and prognostic
implications. Currently, liver biopsy is the “gold standard” for
diagnosis of NASH. Clinical markers that can be used to
hone in on appropriate candidates to select for liver biopsy
include the presence of metabolic syndrome features or an
intermediate- to high-risk NAFLD fibrosis score.
Cardiovascular risk reduction should be aggressively man-
aged in all patients. Liver-specific therapies including vitamin
E, pioglitazone, and/or consideration of clinical trials should
be considered among patients with biopsy-proven NASH.
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Chapter 6

Nonalcoholic Fatty Liver
Disease and Hepatocellular
Carcinoma

Randy Chung and Sahil Mittal

6.1 Introduction

Nonalcoholic fatty liver disease (NAFLD) has emerged as
the most common etiology of chronic liver disease in the
United States and other developed countries (see Chap. 5)
[1]. NAFLD encompasses a broad clinicopathologic spec-
trum of disease ranging from simple hepatic steatosis to
nonalcoholic steatohepatitis (NASH). Patients with NAFLD,
especially NASH, are at risk for developing cirrhosis and its
associated complications, including hepatocellular carcinoma
(HCC). With the increasing prevalence of NAFLD closely
linked to the growing epidemics of diabetes mellitus and obe-
sity, NAFLD-related HCC is expected to rise.
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6.2 Association Between Nonalcoholic Fatty
Liver Disease and Hepatocellular
Carcinoma

HCC is the most common primary malignancy of the liver
and globally is the fifth most common cancer [2]. The major-
ity of HCC cases occur in less developed countries such as
East Asia and sub-Saharan Africa, though the incidences in
these countries are decreasing. On the other hand, the inci-
dence of HCC has been on the rise in developed countries,
including the United States, which has seen a threefold
increase between 1975 and 2007 [3]. Chronic hepatitis C virus
(HCV) accounts for about half of this increase [2]. However,
15-50 % of new cases of HCC are labeled as cryptogenic or
idiopathic, which suggests that other risk factors are likely
playing a role [4].

NASH has been proposed as the underlying cause of
most cases of cryptogenic cirrhosis. Multiple retrospective
studies have compared patients who develop HCC in the
setting of cryptogenic cirrhosis and patients with HCC
from viral- or alcoholic-related cirrhosis. Analysis from this
comparison has confirmed that features associated with
NASH, including diabetes, insulin resistance, obesity, and
dyslipidemia, were all significantly associated with crypto-
genic cirrhosis [5]. Patients with cryptogenic cirrhosis have
a similar prevalence of diabetes and obesity to that of
patients with NASH and a significantly higher prevalence
than in patients with cirrhosis from viral and autoimmune
disease [6]. In a Korean study, HCC associated with crypto-
genic cirrhosis also correlated with increased age, increased
occurrence of the metabolic syndrome, and less aggressive
tumor characteristics, which are all features that have been
associated with NASH-related HCC [7]. A large proportion
of cryptogenic cirrhosis, therefore, likely represents end-
stage NASH.
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6.3 Increased Risk of Hepatocellular
Carcinoma in Nonalcoholic Fatty Liver
Disease

Epidemiologic evidence supports an association between
NASH and a significant increase in risk of HCC that seems to
be predominantly limited to individuals with cirrhosis. In a
large systematic review published in 2012, NAFLD or NASH
cohorts with few or no cirrhosis cases demonstrated a minimal
HCC risk with cumulative HCC mortality between 0 % and
3 % over study periods of up to two decades [8]. In contrast,
consistently increased risk was observed in NASH-cirrhosis
cohorts with cumulative incidence between 2.4 % over 7 years
and 12.8 % over 3 years [8]. The risk of HCC was substantially
lower among patients with NASH than in patients with viral
hepatitis [8]. However, given the high and increasing preva-
lence of NAFLD, even a small increase in risk of HCC has the
potential to transform into a huge case burden of HCC.

Fatty liver may also affect the risk of HCC in other liver
diseases. In patients with HCV, the risk of HCC has been
shown to be two- to threefold greater in the presence of
hepatic steatosis than in those without steatosis [9]. However,
opposite trends have been observed for steatosis and HCC risk
in patients with chronic hepatitis B. Steatosis has been associ-
ated with decreased viral loads in chronic hepatitis B [10].

6.4 Risk Factors for Hepatocellular
Carcinoma in Nonalcoholic Fatty Liver
Disease

Regardless of underlying liver disease, cirrhosis remains the
single most important risk factor for HCC and is present in
about 80-90 % of patients with HCC [11]. Presence of
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cirrhosis or advanced fibrosis is one of the strongest predic-
tors for development of HCC in NAFLD.

Numerous studies have consistently reported higher preva-
lence of diabetes mellitus and obesity among NASH patients
with HCC than among NASH patients without HCC. Large
population-based cohort studies from Europe have demon-
strated a 1.86-fold to fourfold increase in risk of HCC among
patients with diabetes [12]. Obesity, which is well established as
a significant risk factor for the development of various malig-
nancies, is associated with a 1.5-fold to fourfold increased risk
for development of HCC [13]. Therefore, the excess risk of HCC
in NAFLD is explained by both the increased risk for NAFLD
itself with subsequent progression to NASH and the indepen-
dent carcinogenic potential of diabetes and obesity [11].

Emerging evidence suggests that excess sinusoidal iron
deposition in NASH may play a role in liver injury as well as
its progression to HCC [14, 15]. A retrospective study from
Italy showed that high hepatic iron deposition was a risk fac-
tor for HCC among patients with NASH-related cirrhosis
compared with age- and gender-matched NASH controls
with cirrhosis but without HCC [16].

In addition to diabetes and obesity, PNPLA3 single-
nucleotide polymorphism (SNP) is strongly linked with
development of NASH. The encoded protein of this gene
may be involved in the balance of energy usage and liver fat
accumulation. A recent meta-analysis showed that PNPLA3
was associated with increased risk of HCC in patients with
cirrhosis, but this increased risk of HCC was limited to
patients with NASH- or alcohol-related cirrhosis compared
with cirrhosis with other etiologies [17].

6.5 Hepatocellular Carcinoma in Absence
of Cirrhosis

Cirrhosis is considered a precancerous condition for the
majority of cases of HCC, with studies in hepatitis B virus
and HCV reporting more than 90 % of HCC cases
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occurring in the setting of cirrhosis or at least advanced
fibrosis. However, there is growing literature reporting
that HCC can develop in patients with NASH but without
cirrhosis. In a study of a national cohort of 1,500 veterans
diagnosed with HCC, 35 % of NAFLD-related HCC and
19 % of HCC with metabolic syndrome did not have evi-
dence of cirrhosis at the time of HCC diagnosis, compared
with 10 % of those with HCV- or alcohol-related HCC
[18]. A single-center study among HCC patients undergo-
ing curative resection evaluated explant specimens and
found significantly lower prevalence of cirrhosis among
NASH-HCC than HCV- or alcohol-related HCC (73 % vs.
94 %, P < 0.05) [19]. Therefore, the proportion of patients
with NASH who progress to HCC without cirrhosis is
much higher compared to HCV- or alcohol-related
HCC. However, the mechanisms responsible for this pro-
gression of non-cirrhotic NAFLD to HCC are not fully
understood.

6.6 Clinical Features of Nonalcoholic Fatty
Liver Disease-Related Hepatocellular
Carcinoma

In contrast to patients with HCC from other causes,
patients with NAFLD-related HCC tend to be older and
have more metabolic comorbidities but less severe liver
dysfunction [20]. Tumor markers are also differentially
expressed; levels of alpha-fetoprotein are raised less fre-
quently, and levels of des-gamma carboxythrombin are
raised more frequently in patients with NAFLD-related
HCC than in HCC as a result of other liver diseases [21].
Tumors are typically larger in size and more often well dif-
ferentiated compared to HCC-related viral hepatitis.
However, the overall 5-year survival remains similar
between patients with cirrhosis who have NAFLD-related
HCC or chronic HCV-related HCC [21].
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6.7 Pathophysiology of Hepatocellular
Carcinoma in Nonalcoholic Fatty Liver
Disease

The exact mechanisms responsible for the development of
HCC in NASH remain unclear. Available evidence suggests
that the similar pathophysiologic mechanisms behind the
development of NASH related to insulin resistance and the
subsequent inflammatory cascade likely also contribute to
the carcinogenic potential of NASH. Oxidative stress and
release of reactive oxygen species have also been implicated
in the development of HCC through steatosis, hepatic inflam-
mation, hepatocyte proliferation, and direct induction of
cancer-promoting mutations [22]. Insulin resistance related
to diabetes, obesity, or metabolic syndrome is thought to
stimulate release of multiple pro-inflammatory cytokines
which subsequently leads to hepatocyte death, compensatory
proliferation, and ultimately carcinogenesis [23, 24]. Further
evidence comes from epidemiologic evidence showing that
treatment of diabetes with an insulin sensitizer, such as met-
formin, resulted in a significantly reduced risk of HCC com-
pared with no treatment, treatment with insulin, or insulin
secretagogues [25].

6.8 Clinical Implications

Complications of NAFLD are expected to increase with the
continuing epidemics of diabetes and obesity. Although
patients with NAFLD have an increased risk of HCC com-
pared with the general population, current epidemiological
data do not support routine HCC screening for NAFLD or
NASH patients in the absence of cirrhosis. Once the diagno-
sis of cirrhosis is made, however, screening for HCC should
be pursued (Table 6.1).

While additional research is necessary on the risk factors
of HCC in NAFLD, available evidence already suggests that
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TaBLE 6.1 Recommendations for screening for hepatocellular carci-
noma (HCC) in nonalcoholic fatty liver disease (NAFLD)

Strength of

evidence for
Clinical increased risk of
indication HCC Recommendation
NAFLD Strong Screen for HCC with liver
with ultrasound every 6 months
cirrhosis
NAFLD Emerging HCC screening not
without evidence recommended at present
cirrhosis

diabetes, insulin resistance, and obesity likely play an impor-
tant role in carcinogenesis. The epidemiological association
indicates that absence of these conditions is associated with a
reduction in HCC risk. What remains less clear is whether
treatment will result in a benefit. However, it is reasonable to
seek and maximize management of concomitant metabolic
conditions in patients with NAFLD with the hope of reduc-
ing the risk of progression to HCC.
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Chapter 7

Diabetes, Specific
Hepatobiliary Diseases,
and Treatment

Michael Lin and S. Chris Pappas

7.1 Diabetes and Hepatitis C

There is an increased prevalence of diabetes mellitus in the
hepatitis C (HCV)-infected population [1, 2]. In a cross-
sectional national survey, persons 40 years of age or older
with HCV infection were more than three times more likely
to have type 2 diabetes than those without HCV [2]. Given
the epidemiologic evidence, there has been a speculation as
to whether HCV itself plays a more direct role in the devel-
opment of diabetes. In a retrospective study involving over
1,100 patients, diabetes was seen in 21 % of HCV-infected
patients, compared with only 12 % of noninfected patients
[3]- This study suggests that the diabetes is related specifically
to HCV infection, as opposed to liver disease in general.
Additionally, patients who underwent liver transplantation
were far more likely to develop posttransplantation diabetes
if the cause of liver disease was related to HCV [4], further
suggesting that HCV is directly involved in the pathogenesis
of diabetes. The relationship between HCV and diabetes has
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been studied closely, and there are three distinct processes
that have been described [1]. First, insulin resistance and dia-
betes may simply be a result of progressive fibrosis caused by
chronic HCV infection. Second, chronic HCV results in
increasing hepatic steatosis, which leads to the development
of insulin resistance. Third, chronic HCV may have a direct
cytopathic effect on insulin sensitivity. Specifically, Masini
and colleagues showed the presence of HCV-positive islet
cells in patients with chronic HCV infection. These islet cells
demonstrated certain morphological changes as well as
reduced in vitro glucose-stimulated insulin release [5]. Thus,
insulin resistance and diabetes may occur as a result of vari-
ous direct viral or host-dependent pathways working inde-
pendently or synergistically.

HCV has been shown to induce insulin resistance irrespec-
tive of the severity of liver disease [6]. The homeostatic model
assessment-estimated insulin resistance (HOMA-IR) was
found to be an independent predictor for the degree of fibro-
sis and rate of fibrosis progression in patients with HCV. The
finding that insulin resistance and diabetes are important
determinants of fibrosis has been demonstrated in other
studies as well. The prevalence of advanced fibrosis increases
progressively from patients with normal insulin sensitivity
(15.8 %) to patients with insulin resistance without diabetes
(29.9 %) and to patients with diabetes (58.7 %) [7].
Furthermore, the presence of diabetes negatively affects the
prognosis of patients affected by HCV [8]. Diabetes was
shown to be a risk factor for progression of liver fibrosis.
Patients with chronic HCV and diabetes have lower
cirrhosis-free survival rates, reduced time to the development
of hepatocellular carcinoma, and reduced time to liver-
related death.

The treatment of HCV with interferon-based therapy is
impaired in the setting of diabetes [9-11]. A meta-analysis
showed higher rates of sustained virologic response in
patients with HCV, without evidence of insulin resistance,
treated with interferon-based therapy,compared with patients
with evidence of insulin resistance, irrespective of genotype
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[11]. Odds ratios (ORs) for genotypes 1,2+3, and 4 were 2.16
(95 % confidence interval [CI], 1.51-3.08), 3.06 (95 % CI,
1.06-8.82), and 6.65 (95 % CI, 2.51-17.61), respectively. At
the time of publication, it remains unclear if insulin resistance
and diabetes affect SVR in patients treated with direct-acting
antivirals, and further investigation is needed [12].

Fortunately, the treatment of HCV infection has been
shown to have a favorable effect on diabetes and insulin
resistance. In fact, after 4 weeks of treatment with interferon,
there may be some improvement in glucose tolerance [13].
Furthermore, patients who are able to achieve SVR have
improved insulin resistance [14, 15], beta-cell function [14],
and insulin hypersecretion [15]. Even in nondiabetic patients,
achieving SVR prevents de novo insulin resistance [16].
Perhaps most importantly, SVR is associated with improved
macrovascular and microvascular complications of diabetes
including cardiovascular and renal events [17, 18]. In a study
involving over 36,000 patients, the 8-year cumulative inci-
dences of end-stage renal disease, acute coronary syndrome,
and ischemic strokes between treated and untreated HCV
patients were 0.15 % vs. 1.32 % (P<0.001),2.21 % vs.2.96 %
(P = 0.027), and 1.31 % vs. 1.76 % (P = 0.001) [17]. These
observations support the hypothesis that HCV infection may
have a direct cytopathic effect on insulin sensitivity.

7.2 Diabetes and Acute Liver Failure

Acute liver failure is a rare entity with only 2,000 cases in the
USA per year [19]. However, diabetes seems to increase the
risk of acute liver failure [20]. The cumulative incidence of
acute liver failure was significantly higher among patients
with diabetes with incidence rate of 2.31 per 10,000 person-
years vs. 1.44 per 10,000 person-years in the nondiabetic
group. After controlling for comorbidity index, age, sex, eth-
nicity, and period of service, diabetes was associated with a
relative risk (RR) of 1.44 (95 % CI, 1.26-1.63) for acute liver
failure.
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7.2.1 Hemochromatosis

No discussion of diabetes and liver disease would be com-
plete without mention of hereditary hemochromatosis
(HHC). While not primarily a liver disease, HHC affects the
liver and can lead to cirrhosis, while deposition of iron in the
pancreas can lead to diabetes [21]. Fortunately, the presenta-
tion of HHC with “bronze diabetes” is no longer commonly
seen in clinical practice because HHC is generally diagnosed
and treated before significant pancreatic islet injury has
occurred. The most common presentation now is fatigue,
arthralgia, and hepatomegaly [21]. Nonetheless, a general
practice rule is to always consider the diagnosis of HHC
when evaluating a patient with cirrhosis and diabetes. In
addition, it is important to note that less frequent forms of
HHC, related to TfR2, HJV, or HAMP gene mutations (as
opposed to the more common HFE gene mutations), com-
monly present at an early age as juvenile or early-onset HHC,
with diabetes and liver disease at the time of diagnosis [21].

7.3 Diabetes and Biliary Tract Disease

7.3.1 Gallstone Disease

Patients with diabetes have an increased risk of gallstone dis-
ease, which includes gallstones, cholecystitis, or gallbladder
cancer; the magnitude of the increased risk has varied across
studies [22]. This is possibly related to the different popula-
tions that have been evaluated and, in North America, the
inclusion of patient populations known to have an increased
risk of coincident diabetes and gallstone disease (e.g., Pima
Indians and Mexican-Americans in the USA) [23]. A recent
systematic review and meta-analysis of studies evaluating the
risk of gallstone disease estimated that a diagnosis of diabetes
appears to increase the relative risk of gallstone disease by
56 % [22]. Intuitively, it would seem reasonable to attribute
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this to common risk factors for diabetes and gallstone disease
(e.g., obesity, hyperlipidemia). However, adjustment for body
mass index (BMI) in a number of studies included in the
meta-analysis indicated diabetes had an independent effect on
the risk of gallstone disease; it has been speculated that this is
related to impaired gallbladder motility as part of diabetes-
related visceral neuropathy [22]. To further complicate mat-
ters, moderate to severe nonalcoholic fatty liver disease
(NAFLD), commonly associated with diabetes and sharing
risk factors for gallstone disease, may be associated with gall-
stone disease independent of risk factors for NAFLD [24].

Recognizing the increased risk of gallstones in patients
with diabetes and the evidence that type 2 diabetes may be
associated with an increased risk of various cancers, the risk
of gallbladder cancer is of particular interest. A systematic
review and meta-analysis suggests that both men and women
with type 2 diabetes have an increased risk of gallbladder
cancer (summary RR = 1.56, 95 % CI, 1.36-1.79), indepen-
dent of smoking, BMI, and a history of gallstones [25]. The
potential role of alcohol as a confounder in this study is
unclear; the summary relative risk of gallbladder cancer was
attenuated, but still statistically significant, when restricting
the meta-analysis to studies that controlled alcohol use. While
the relative risk of gallbladder cancer is increased in patients
with type 2 diabetes, the absolute risk remains low (based on
an overall worldwide incidence), varying from approximately
1.5 per 100,000 in North America to 25 per 100,000 in South
America and Northern India [26].

Historically, the management of gallstone disease in
patients with diabetes has included screening for gallstone
disease and prophylactic cholecystectomy, based on the per-
ception that patients with diabetes were at higher risk of
morbidity and mortality related to the acute management of
cholecystitis. However, by the early 1990s, accumulated expe-
rience and data suggested that this approach was not neces-
sary; while the rates of operative morbidity and mortality for
biliary surgery in patients with diabetes were slightly higher
when compared to the general population, the rates did not
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rise to the level that would justify prophylactic cholecystec-
tomy [27]. Particularly as result of the advance of laparo-
scopic techniques for cholecystectomy [28], current standards
of care recommend that prophylactic cholecystectomy is not
of benefit and should not be routinely recommended for
patients with diabetes with asymptomatic gallstones; the
management of gallstones in patients with diabetes is the
same as that for patients without diabetes. It should be noted,
however, that patients with diabetes undergoing laparoscopic
cholecystectomy may require a conversion to open cholecys-
tectomy more frequently than nondiabetic patients (indepen-
dent of obesity) and may experience more postoperative
complications, particularly in the setting of diabetes-related
renal insufficiency [29].

7.4 Autoimmune Biliary Disease
and Diabetes

Not surprisingly, autoimmune-based liver disease involving the
biliary tree (i.e., primary biliary cirrhosis [PBC] and primary
sclerosing cholangitis [PSC]) has been described in patients
with type 1 diabetes. While a reference is occasionally made to
an “association” of primary biliary cirrhosis with type 1 diabe-
tes, most reports are individual cases [30]. It is of interest that
the risk of PBC and its progression is associated with a genetic
variant in a region of the cytotoxic T lymphocyte-associated
antigen 4 (CTLA4) gene [31]. The risk of type 1 diabetes has
also been associated with variations in this gene [32].

In contrast to PBC, the evidence for an association of PSC
with type 1 diabetes, and possibly type 2, is stronger. The preva-
lence of type 1 diabetes in patients with PSCis 4 %, and the RR
of type 1 diabetes in patients with PSC was 7.95 in a large patient
cohort (n = 678) [33,34]. In the latter study, the RR of type 2 was
2.54; compared with type 1, this association may be confounded
by detection bias and the use of diabetogenic interventions for
the treatment of PSC (e.g., high-dose steroids and immunosup-
pressive agents such as tacrolimus and cyclosporine A) [35].
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7.5 Treatment of Coexisting Diabetes
and Liver Disease

There is a strong relationship between diabetes and hepato-
biliary diseases, and thus treating diabetes is important to
improve outcomes for liver disease (e.g., increased cirrhosis-
free survival rates, decreased frequency of hepatocellular
carcinoma, and decreased liver-related death).

While still somewhat controversial, it is generally believed
that chronic liver disease and cirrhosis do not increase a
patient’s risk of drug-induced liver injury (DILI) although
these patients may be at higher risk for more complicated
courses and adverse outcomes [36]. The drugs commonly
used to treat diabetes rarely result in hepatotoxicity (Table
7.1) or acute liver failure (Table 7.2). Unfortunately, this was
not always the case as we recall our experiences with trogli-
tazone [37].

Troglitazone was an oral hypoglycemic medication which
generated over $2 billion in sales in the late 1990s. However,
it caused at least 90 cases of acute liver failure, 70 of which
resulted in death or liver transplantation. After 3 years on the
market, it was withdrawn. Fortunately, other thiazolidinedio-
nes (TZDs) including pioglitazone and rosiglitazone do not
seem to have the same propensity for liver failure and remain
available for use. Even when patients present with advanced
liver disease or cirrhosis, diabetic medications are not contra-
indicated. However, given certain changes in physiology or
metabolism, medications should be dosed cautiously (Table
7.1). For example, sulfonylureas may not be able to overcome
insulin resistance and defects in insulin secretion seen in
patients with cirrhosis from alcohol abuse [38-40]; therefore,
a different medication should be selected in this situation.

There are instances where steroids are necessary to treat
autoimmune hepatobiliary disease despite the presence of
diabetes. For example, steroids are frequently necessary for
achieving remission in active autoimmune hepatitis despite
comorbid diabetes. Control of glucocorticoid-induced hyper-
glycemia is important as even short-term hyperglycemia is
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TaBLE 7.2 Diabetic medications and acute liver failure [38]

Hepatitis cases Acute liver

Prescriptions per 10° failure cases per
Drug (x10°) prescriptions  10° prescriptions
Troglitazone 4.5 21.5 4.6
Rosiglitazone 4.4 14.7 0.9
Pioglitazone 3.6 9.4 0.8
Metformin 6.5 29 0.2
Glyburide 3.6 4.1 0

associated with elevated inflammatory markers and endothe-
lial dysfunction in patients with and without diabetes [41, 42],
as well as an increased risk of cardiovascular complications
[41, 43]. When possible, patients should be treated with
budesonide instead of prednisone to minimize systemic
effects. In non-cirrhotic patients, budesonide undergoes sig-
nificant first-pass metabolism [44, 45], thereby reducing the
risk of systemic steroid toxicity [44, 46]. In cirrhotic patients,
budesonide is contraindicated due to portal systemic shunt-
ing and abnormal hepatic metabolism [44, 47]. These changes
result in attenuated first-pass extraction, reduced therapeutic
efficacy, and systemic steroid side effects.

When steroids must be used in the setting of diabetes, the
dose and duration of steroids should be minimized. Patients
also need to optimize glycemic control through adjustments
or additions to their medications. In patients without cirrho-
sis, sulfonylureas, metformin, TZDs, and insulin have been
used [41]. These would also be reasonable in cirrhotic patients
with the caveats discussed previously. If the decision has been
made to use insulin, neutral protamine Hagedorn (NPH)
insulin is often a good choice given the similarities in pharma-
codynamics profile between NPH and prednisone/
prednisolone.

Although the relationship may not be intuitive, diabetes is
intimately connected with a variety of hepatobiliary condi-
tions including chronic HCV, acute liver (failure,
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hemochromatosis, and diseases of the biliary tract. Diabetes
is often associated with more frequent adverse outcomes and
should be managed aggressively. Fortunately, even in the set-
ting of advanced cirrhosis, our usual armamentarium of dia-
betic medications can be used safely and effectively.
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Chapter 8

Diabetes, Cirrhosis, and Liver
Transplantation

Michael Lin and S. Chris Pappas

8.1 Diabetes and Cirrhosis

In recent years, the relationship between diabetes and cirrho-
sis, distinct from nonalcoholic liver fatty liver disease
(NAFLD), has become increasingly recognized. In addition,
a significant amount of experience with diabetes in the set-
ting of liver transplantation has accumulated. In this chapter,
we will examine the relationship between diabetes and cir-
rhosis and provide an overview of diabetes in the liver trans-
plantation setting.

Impaired glucose tolerance is seen in 60 % of patients with
cirrhosis [1]. Overt diabetes is seen in 20 % of patients with
cirrhosis. However, it is important to note that there are two
distinct types of diabetes seen with chronic liver disease.
Patients can either have preexisting diabetes and later go on
to develop progressive liver disease or develop diabetes as a
result of cirrhosis. The latter is an entity which is sometimes
referred to as “hepatogenous” diabetes. Compared with
those who have traditional type 2 diabetes, patients with
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hepatogenous diabetes frequently do not have a strong fam-
ily history of diabetes [2]. Furthermore, while these patients
seem to have a higher degree of insulin resistance, they also
seem to be at decreased risk for cardiovascular and ophthal-
mologic complications. These features of hepatogenous dia-
betes support the contention that this type of diabetes
represents a clinically relevant diabetes type separate from
type 1, type 2, gestational, and other types of diabetes (e.g.,
autoimmune diabetes). Distinguishing between preexisting
diabetes with the subsequent development of coincidental
liver disease and hepatogenous diabetes can be very difficult
but should be attempted in view of the possible clinical impli-
cations; a careful review of family history and the time course
for the development of diabetes in a patient with chronic
liver disease is very important.

Multiple studies demonstrate the negative impact of dia-
betes on chronic liver disease and cirrhosis. Individuals with
chronic liver disease and diabetes were hospitalized at a rate
four times higher than those without diabetes [3]. Additionally,
in a study where 53 % of cirrhotic patients were readmitted
within 3 months, having a higher Model for End-Stage Liver
Disease (MELD) score, the presence of diabetes, use of pro-
phylactic antibiotics for spontaneous bacterial peritonitis
(SBP), and prior hepatic encephalopathy were associated
with readmission [4]. Readmitted patients had a higher preva-
lence of diabetes, compared to patients not readmitted (40 %
vs. 33 %, P = 0.03); a predictive logistic regression model for
readmissions showed that patients with diabetes on admis-
sion were more likely to be readmitted compared to patients
without diabetes (odds ratio [OR] 1.36, 95 % confidence
interval [CI], 0.98-1.88; P = 0.07). A recently published
registry study from the UK also demonstrated that patients
with diabetes were more likely to be hospitalized with a
chronic liver disease than nondiabetic patients [5]. In fact,
type 2 diabetes was associated with an increased incidence of
hospitalizations with alcoholic liver disease (RR 1.38 in men,
RR 1.57 in women), nonalcoholic fatty liver disease (RR
3.03 in men, RR 5.11 in women), autoimmune liver disease
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(RR 1.50 in men, RR 1.25 in women), hemochromatosis (RR
1.67 in men, RR 1.60 in women), and hepatocellular carci-
noma (RR 3.36 in men, RR 3.55 in women) [5, 6].

Diabetes has also been shown to affect liver disease com-
plications. Diabetes is associated with events of hepatic
decompensation such as development of ascites [7], variceal
bleeding [8], and hepatic encephalopathy [9]. There have also
been multiple studies clearly showing increased risk of hepa-
tocellular carcinoma (HCC) in the setting of diabetes [10-12],
as well as increased mortality from HCC [13]. The relation-
ship between HCC and diabetes is discussed in more detail in
Chap. 6.

Cirrhosis is an important but under-recognized cause of
mortality among patients with diabetes. In a population-
based study involving nearly 7,200 patients that investigated
the causes of death in patients with type 2 diabetes, chronic
liver disease, and cirrhosis accounted for 4.4 % [14]. The high-
est standardized mortality ratio (SMR) was for cirrhosis,
which had an SMR of 2.52 (95 % CI, 1.96-3.20). This was
even higher than the SMR for cardiovascular disease of 1.34
(95 % CI, 1.23-1.44). Additionally, diabetes has also been
shown to be a risk factor affecting long-term survival in cirrho-
sis in multiple studies [15, 16]. Subclinical abnormal glucose
tolerance has been associated with lower survival in cirrhosis
[17]. However, it remains to be seen whether improvement in
glycemic control results in decrease mortality in this
population.

8.2 Diabetes and Liver Transplantation

Diabetes related to liver transplantation can occur either as
preexisting diabetes or as new-onset posttransplantation dia-
betes mellitus (PTDM). Every year, there are approximately
6,000 deceased donor liver transplants and 300 living donor
liver transplants in the USA alone. From 2003 to 2012, there
were over 38,000 liver transplantations [18]. Of these, nearly
9,900 recipients (25.7 %) carried a diagnosis of diabetes. As
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liver transplant recipients are surviving longer, metabolic
disorders are being seen with increasing frequency, including
PTDM. The reported incidence of PTDM varies greatly,
ranging from 4 % to over 30 % [2, 19]. The vast majority of
PTDM are diagnosed within the first 3 months of liver trans-
plantation [2]. The etiology of PTDM is multifactorial.
Pretransplant diabetes, alcoholic cirrhosis, hepatitis C, male
gender, and immunosuppressive medication including cyclo-
sporine, tacrolimus, and corticosteroids are associated with
PTDM [2].

Both preexisting diabetes and posttransplantation diabe-
tes impact a patient’s clinical course. In patients with preex-
isting diabetes, older studies have suggested that diabetes was
not associated with a decrease in survival after liver trans-
plantation [20, 21]. However, there are multiple, more recent
studies showing a decreased survival in this population. In
one case-control study involving 57 patients with preexisting
diabetes and 114 age-, sex-, and race-matched patients with-
out diabetes, survival at 1 year (87 % vs. 77 %) and 2 years
(81.6 % vs.70.1 %) was similar. However, 5-year survival was
lower among patients with diabetes (34.4 % vs. 67.7 %) [22].
In a population-based study which examined all adult liver
transplant recipients from 2003 to 2012 in the USA, diabetes
negatively impacted survival at 5 years regardless of the pres-
ence of obesity [18]. Diabetes was found to be an indepen-
dent predictor of decreased survival following liver
transplantation (HR 1.29; 95 % CI, 1.21-1.36). Preexisting
diabetes is also associated with increased frequency of
rejection and posttransplantation complications including
cardiovascular, infectious, ophthalmologic, neurologic, hema-
tologic, and respiratory complications [22]. Graft survival
appears unaffected by preexisting diabetes in the recipient;
however, one study found that the presence of donor diabe-
tes was a strong predictor of graft failure (HR 1.20) if recipi-
ents were also HCV positive [23].

The effect of PTDM on survival is less clear. In a retro-
spective study of 778 patients (284 with sustained PTDM, 227
without diabetes at any time) followed for a median of
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57.2 months, sustained PTDM was associated with worse
patient survival seemingly related to higher infection rates
[24]. In a case-control trial involving 46 patients with PTDM
with 92 age- and sex-matched patients without preexisting
diabetes or PTDM, patient survival at 1 year (93.5 % vs.
83.5 %), 2 years (88.1 % vs. 77.9 %), and 5 years (75 % vs.
77.2 %) were similar [25]. There is also conflicting evidence
on the effect of PTDM on graft survival [22, 24]. PTDM is
associated with higher frequency of rejection and postopera-
tive complications such as infection and neurologic, cardio-
vascular, and neuropsychiatric complications (i.e.,
depression).

Living donor liver transplantation (LDLT) is becoming
an increasingly frequent practice given the lack of deceased
donors. The literature examining LDLT and diabetes is lim-
ited. It appears that PTDM occurs less frequently after
LDLT [26]. Yadav et al. examined 902 nondiabetic LDLT
recipients and 19,582 nondiabetic deceased donor liver
transplantation (DDLT) recipients [27]. The incidence of
new-onset PTDM after LDLT was 7.4 %, 2.1 %, and 2.6 %
at 1, 3, and 5 years, respectively, compared with the inci-
dences of 12.5 %, 3.4 %, and 1.9 % at 1, 3, and 5 years,
respectively, after DDLT. Risk factors for developing PTDM
after LDLT include hepatitis C, treated acute cellular rejec-
tion, older age of the recipient, and hypertriglyceridemia [26,
28]. Either way, PTDM did not affect patient morbidity and
mortality [28].

Our understanding of PTDM is constantly evolving.
Wilkinson et al. have proposed a practical treatment and
management guideline for PTDM (Fig. 8.1) [29]. Prior to
liver transplantation, transplant candidates should be moni-
tored for impaired glucose tolerance and diabetes through
some combination of fasting plasma glucose, oral glucose
tolerance testing, or hemoglobin Alc check. When appropri-
ate, patients should receive counseling on weight control,
diet, and exercise. To reduce diabetogenic risk, early cortico-
steroid dose reduction and minimization or discontinuation
of calcineurin inhibitors should be considered. After liver
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May require in-patient
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insulin therapy
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¢ Diabetes exercise
* IGT

* Monitor
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FIGure 8.1 Posttransplant management: blood glucose control. FPG
fasting plasma glucose, /GT impaired glucose tolerance, PG plasma
glucose (Reproduced with permission from Wilkinson [29] ©Wiley)

transplantation, all patients should be closely monitored for
PTDM. Patients with acute hyperglycemia with blood glu-
cose level above 360 mg/dL should receive immediate inter-
vention. Management of chronic hyperglycemia or PTDM
should follow guidelines from the American Diabetes
Association and/or other major consensus guidelines [30].
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Chapter 9

Diabetes and the Exocrine
Pancreas

David Tang and Robert J. Sealock

9.1 Overview of Acinar/Ductal Anatomy
and Function

The working unit of the exocrine pancreas is the acinus, Latin for
cluster of berries. Analogous to its namesake, acinar morphology
consists of individual acinar cells arranged in a spherical cluster
with apical regions oriented toward the center. Digestive enzymes
synthesized and stored in the acinar cell are secreted across the
apical membrane and prevented from passing between acinar
cells by intracellular tight junctions. Clusters of acini are them-
selves arranged into lobules. The lumen of the acinus communi-
cates with intralobular ducts, which empty into interlobular ducts
and, in turn, drain into the main pancreatic duct. The lumen of the
pancreatic ductal system is lined with the epithelium that special-
izes in secretion of inorganic ions, especially bicarbonate, in an
endocrine signal-dependent and isotonic fashion. In this way, the
acinus is primarily responsible for digestive enzyme synthesis,
and the ductal epithelium is primarily responsible for inorganic
ion and aqueous component of pancreatic secretions.
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9.2 Endocrine Control of Pancreatic Ductal
Secretion

Both acinar and ductal epithelial cell secretions are governed
by endocrine and neurocrine signaling. Secretin is a small
peptide produced by S cells in the small intestine in response
to gastric acid. Secretin signaling results in increased bicar-
bonate secretion by the ductal epithelium leading to water
influx into the duct to maintain isotonicity and increasing
flow rate. Bicarbonate neutralization of duodenal acid then
shuts off secretin production, completing the negative feed-
back loop.

Cholecystokinin (CCK) is produced by I cells in the small
intestine in response peptides, amino acids, and fatty acids
from a meal. Acinar response to CCK is achieved indirectly
though neurohormonal response of the vagus nerve medi-
ated by neuronal CCK-1 receptors, leading to increased vol-
ume of pancreatic enzymatic secretions. Gastrin is a related
peptide released predominantly in the gastric antrum in
response to peptides and fatty acids and gastric distention in
apH-dependent fashion and also increases pancreatic enzyme
secretion via CCK-1 receptors in an analogous neurohor-
monal fashion as CCK.

Somatostatin is a peptide produced by D cells in the gas-
tric and intestinal mucosa as well as by delta cells of the
pancreatic islets. Somatostatin exhibits broad inhibitory
actions in the gastrointestinal (GI) tract including decreasing
pancreatic enzyme and fluid secretions.

9.3 Imaging the Pancreas and Measuring
Pancreatic Function

Imaging of the pancreas has rapidly evolved in the past
decades driven by the limitation of traditional invasive and
noninvasive pancreatic imaging. Transabdominal ultrasound
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was one of the first methods of imaging the pancreas but does
not reliably demonstrate the organ due to obscuration by
intestinal gas. Multi-detector computerized tomography (CT)
may demonstrate gland atrophy and calcifications but is not
reliable for early chronic pancreatitis. MRI and magnetic
resonance cholangiopancreatography (MRCP) are much
more reliable and accurate but similarly limited in detection
of early disease. Secretin-enhanced MRCP improves sensitiv-
ity to early chronic pancreatitis. Secretin stimulates pancre-
atic secretion while simultaneously increasing sphincter of
Oddi tone acutely, therefore filling peripheral ductal branches
with fluid allowing for imaging of mild changes that escape
the notice of conventional MRCP [1]. Endoscopic retrograde
cholangiopancreatography (ERCP) may also be more sensi-
tive to early chronic pancreatitis but is associated with com-
plications, and imaging is limited to the pancreatic ductal
system without being able to directly assess the parenchyma
[2]. ERCP is rarely performed purely for diagnosis due to
these limitations.

Endoscopic ultrasound (EUS) has been established as a
useful test for diagnosis of early small duct or “minimal
change” chronic pancreatitis, and both parenchymal and duc-
tal ultrasonographic features have been incorporated into the
Rosemont criteria for diagnosis of chronic pancreatitis, a
consensus diagnostic system (Table 9.1) [3]. A number of
advanced imaging techniques, including digital image analysis
and elastography, have been investigated as potential adjuncts
to EUS, but these studies have so far been preliminary in
scope, small in size, and predominantly focused on identifica-
tion of malignancy rather than early parenchymal changes of
chronic pancreatitis [4, 5].

However, even perfectly sensitive tests for chronic pancre-
atitis may not be diagnostic of exocrine insufficiency.
Steatorrhea does not occur until the pancreas has lost 90 %
of its exocrine reserve [6]. There may be significant discor-
dance between EUS findings of chronic pancreatitis and
exocrine insufficiency as measured by secretin pancreatic
function testing [7, 8], implying that parenchymal changes
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TaBLE 9.1 Rosemont consensus diagnosis of chronic pancreatitis by
parenchymal and ductal features on endoscopic ultrasound

Major criteria Minor criteria
Major criteria A Cysts

Hyperechoic foci with shadowing  Stranding
(parenchymal calcifications)

Main pancreatic duct calculi Hyperechoic foci without
shadowing
Lobularity without
honeycombing

Major criteria B Irregular main pancreatic

duct contour
Lobularity with honeycombing Dilated main pancreatic duct

Hyperechoic main
pancreatic duct margin

Dilated side branches

Consistent with chronic pancreatitis

1 major A feature (+) >3 minor features
1 major A feature (+) major B feature

2 major A features

Suggestive of chronic pancreatitis

1 major A feature (+) <3 minor features
1 major B feature (+) >3 minor features

>5 minor features (any)

Indeterminate for chronic pancreatitis

3 to 4 minor features, no major features

1 major B feature alone or with <3 minor features

Normal

<2 minor features (except for cysts, dilated main pancreatic
duct, hyperechoic foci without shadowing, and dilated side
branches, with no major features)
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and exocrine insufficiency may occur concurrently or that
there is a significant reserve capacity for absorption that is
still adequate in early parenchymal disease. Instead of infer-
ring pancreatic function from structural diagnosis via pancre-
atic imaging, direct and indirect tests of pancreatic function
may be preferred for definitive diagnosis of pancreatic exo-
crine insufficiency.

Traditional secretin test of pancreatic function is per-
formed by placing a double-lumen “Dreiling” tube under
fluoroscopy so that distal port is in the duodenum and the
proximal port in the stomach. After aspiration of gastric con-
tents, duodenal secretions are stimulated by secretin or CCK
and collected for bicarbonate and enzymatic content for
upward of 1 h in serial increments. This test is both uncom-
fortable for the patient and also laborious for the lab and
therefore rarely performed. Endoscopic pancreatic function
testing (EPFT) maintains the same principles of Dreiling
tube testing but has the advantage of improving patient toler-
ance and operator convenience by performing the test under
sedation during EUS or routine upper endoscopy [9, 10].
However, specimen collection time remains up to 1 h. Indirect
tests of pancreatic function avoid intestinal intubation and
the hassle and expense of traditional function testing.

Fecal fat is not specific to pancreatic exocrine insufficiency
but instead a measure of global malabsorption. Quantitative
fecal fat analysis is performed after amassing a 72-h stool
collection, while the patient maintains intake of 100 g of fat/
day and subsequent titration to yield fecal fat per 24 h. The
upper limit of normal for fat excretion in stool is considered
7 g/day on a 100 g of fat/day diet. But an otherwise healthy
patient with induced diarrhea can have as much as 14 g fat in
the stool per day [11]. In general, very high fecal fats (>30 gm/
day) are associated with pancreatic insufficiency, whereas
milder steatorrhea (10-30 gm/day) are more suggestive of
mucosal disease.

Stool may also be stained and examined under microscopy
in a qualitative test as a screen for fat malabsorption (Sudan
stain). Acidification of the stool mixture allows for staining of
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both split fats (fatty acids) and neutral fats (triglycerides).
The test can be performed without acidification which results
in preferential staining of triglycerides. Increased staining for
neutral fats implies a disorder of digestion such as pancreatic
exocrine insufficiency, while increased staining for split fats
implies malabsorption at the brush border.

Fecal chymotrypsin and elastase testing have the advantage
of convenient testing on random stool collections but are ham-
pered by being insensitive to mild-to-moderate pancreatic
exocrine insufficiency, though they are very sensitive for severe
disease causing steatorrhea. Fecal chymotrypsin activity assays
are also affected by exogenous pancreatic enzyme supplemen-
tation which must be stopped beforehand. In addition, fecal
elastase ELISA assays are more sensitive than fecal chymo-
trypsin, and the antibody test is specific for human elastase
while being not affected by pancreatic enzyme supplementa-
tions. However, fecal elastase testing is also insensitive for
mild-to-moderate pancreatic insufficiency. Both tests may
produce false-positive results if the submitted stool sample is
unformed and dilute (i.e., dilution from diarrhea) [12, 13].

The 13C-mixed triglyceride breath test measures 13CO,
after 13C-marked triglyceride is cleaved by lipase, absorbed
by the gut, and metabolized by the liver. Exhaled breath
samples are collected every 30 min for 6 h after ingestion of
the marked meal. The sensitivity of the test for diagnosis of
fat maldigestion is higher than 90 % but suffers from its
unavailability in routine clinical practice [14].

The bentiromide, or N-benzoyl-tyrosyl para-aminobenzoic
acid (NBT-PABA), test is sensitive for severe pancreatic
insufficiency and malabsorption but, as with other indirect
tests of pancreatic dysfunction, not sensitive to mild or mod-
erate pancreatic impairment. Additionally, the test is ham-
pered by being nonspecific for pancreatic exocrine dysfunction
as any limitation in enterocyte absorption, liver conjugation,
or renal secretion may result in false-positive results [12, 15].
In addition, the substrate necessary to perform the test is cur-
rently not available in the United States, though it is available
in Europe.
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Another indirect test operating on the same principles as
the bentiromide test is the fluorescein dilaurate assay. It too
relies on hydrolysis of the fluorescein dilaurate by specific
pancreatic arylesterases to yield fluorescein, which is then
absorbed and collected in the urine. This is then compared to
urine fluorescein measured after free fluorescein ingestion
on another day and reported as a ratio [16].

9.4 Pancreatic Exocrine Insufficiency
in Diabetes

On average, 51 % of patients with type 1 diabetes mellitus
and 35 % of patients with type 2 diabetes mellitus demon-
strate pancreatic exocrine insufficiency (PEI) on fecal elas-
tase testing where PEI is defined as fecal elastase less than
200 pg/g [17]. In a study of 1,000 patients with diabetes,
including 697 with type 2 diabetes, 28.5 % of patients with
type 1 and 19.9 % of patients with type 2 diabetes had severe
PEI as defined by fecal elastase less than 100 pg/g [18]. In
patients with type 2 diabetes, levels of fecal elastase may be
lower in those with poor glycemic control [19]. However,
there is a wide range of prevalence of PEI in these studies,
with one cross-sectional study yielding only 6 % in type 1
diabetes, 10 % in patients with type 2 diabetes using insulin,
and no patients with PEI and type 2 diabetes who did not
require insulin [20]. The wide range of prevalence in existing
studies may be due to publication bias, sampling bias (pre-
dominantly Caucasian patients sampled), reliance on a single
diagnostic test of PEI (fecal elastase), as well as lack of age-
matched controls of patients with other chronic conditions.
Given wide-ranging estimates, it is difficult to determine
the true prevalence of PEI in patients with diabetes, especially
as it translates to steatorrhea and maldigestion. Fecal elastase
may be insensitive to mild and moderate pancreatic insuffi-
ciency, as well falsely positive in dilute specimens (i.e., diar-
rhea), and its relevance for clinical maldigestion and clinical
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steatorrhea remains poorly delineated in diabetic patients.
Even so, there is a subset of patients with PEI as measured by
fecal elastase who have clinical symptoms. In one study of
patients with diabetes and abnormal fecal elastase testing,
60 % were found to have steatorrhea by quantitative fecal fat
analysis, with 27 % of these patients having clinical steator-
rhea [21]. Pancreatic enzyme replacement for patients with
pancreatic insufficiency due to diabetes is unstudied.

Changes in gross and histological pancreatic morphology
frequently accompany diabetes mellitus and may be a plau-
sible link between diabetes and chronic pancreatitis.
Pancreatic atrophy is often seen in autopsy studies of diabe-
tes patients as well as with ultrasonography, computed
tomography, and magnetic resonance imaging (MRI) [22-24].
Morphological changes of the pancreas in diabetes may be
partially explained by the lack of trophic effect of insulin on
acinar tissue. Residual exocrine function correlates well with
residual beta-cell function in type 1 diabetes mellitus [25].
Yet, because not every patient with type 1 diabetes has pan-
creatic exocrine insufficiency, trophic action of insulin must
not be the only factor. Indeed, as much of the close regulation
of pancreatic exocrine function is carried out by neurohor-
monal mediators, diabetic neuropathy may also play a role in
exocrine insufficiency in diabetics [26].

9.5 Diabetes in the Setting of Pancreatic
Disease

Though the true prevalence of PEI arising from diabetes is
not definitively known, PEI leading to diabetes mellitus,
termed type 3c diabetes (T3cDM) [27], appears to be less
common and accounts for 5-10 % of diabetic populations
[28]. A T3cDM diagnosis is made in the absence of type 1
diabetes autoimmune markers and in the setting of imaging
and laboratory evidence of PEI [29]. Management of T3cDM
has not been well studied, given large trials have excluded this
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subset of patients. The conventional belief is that patients with
T3cDM encounter frequent episodes of hypoglycemia due to
a lack of counter-regulator hormones such as somatostatin
and glucagon. In a cohort of patients with T3cDM as a result
of total pancreatectomy, no patients reported a severe hypo-
glycemic event, and HbAlc values were not statistically dif-
ferent from the entire diabetic population [30]. Without
dedicated clinical trials, treatment for type 3c diabetes is not
standardized and commonly reflects methods used for type 2
diabetes. Given its antineoplastic and antidiabetic properties,
metformin may be beneficial in this subset of patients.

9.6 Diabetes and Pancreatic
Adenocarcinoma

Diabetes has been associated with an increased risk of can-
cer. In a Swedish population study, 24 cancer types were
found to have an increased incidence among those with type
2 diabetes. Pancreatic cancer had the highest standardized
incidence ratio of 2.98 (observed/expected cancer cases)
compared to other cancer sites [31].

The three cell types found in the normal pancreas include
acinar, ductal, and islet cells. Acinar cells comprise a majority
of the organ volume (80 %), but greater than 85 % of malig-
nant lesions arise from the ductal structures resulting in
adenocarcinoma. With the increasing utilization of cross-
sectional imaging, identification of premalignant lesions such
as intraductal papillary mucinous neoplasm, mucinous cystic
neoplasm, and solid-pseudopapillary tumors may be detected
and intervened before the advent of carcinoma. This scenario
remains the exception as most pancreatic cancer arises in the
absence of a known premalignant lesion.

According to the Surveillance, Epidemiology, and End
Results (SEER) Program, pancreatic cancer is the twelfth
most common cancer and the second most common gastroin-
testinal type behind colorectal cancer [32]. For example,
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pancreatic cancer represents 3 % of all new cancer cases within
the United States. Given the poor long-term survival rates,
incidence and prevalence of the pancreatic cancer are similar.
As with all malignancy, the rate of survival is dependent upon
the stage at the time of diagnosis, with localized and metastatic
pancreatic cancer survival rates of 27.1 % and 2.4 %, respec-
tively. The unfortunate reality is a majority of those with pan-
creatic cancer present with metastatic disease (53 %) given the
lack of symptoms at early stages. Males are affected more than
females, and the median age at time of diagnosis is 71.

A variety of modifiable risk factors for pancreatic cancer
have been described (Table 9.2). Tobacco use is the most rec-
ognized and understood and contributes to 35 % of pancre-
atic cancer cases [33]. Circulating nitrosamines and polycyclic
aromatic hydrocarbons cause mutations in proto-oncogenes
and tumor suppressor genes. In patients with a first episode
of acute pancreatitis, smoking in combination with alcohol
increases the risk of developing chronic pancreatitis (cumula-
tive risk 30 %), a known risk factor for pancreatic cancer [34].

The presence of diabetes has also been demonstrated in
>40 % of patients with a diagnosis of pancreatic cancer [35].
This is in contrast to the 15 % prevalence of diabetes within

TaBLE 9.2 Modifiable risk factors of pancreatic adenocarcinoma

Relative risk of pancreatic
Risk factor carcinoma

>3 alcoholic drinks per day 1.2-14

Chronic pancreatitis 133
BMI >40 kg/m?, male 1.5
BMI >40 kg/m?, female 2.8
Type 1 diabetes 2.0
Type 2 diabetes 1.8
Cholecystectomy 1.2
Gastrectomy 1.5

Helicobacter pylori infection 1.4
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the US population. Meta-analyses have demonstrated an
increased risk of pancreatic cancer in those with diabetes( age-
and sex-adjusted odds ratio 1.82) When stratified by duration
of diabetes, patients with diabetes for less than 4 years had a
much higher odds ratio of developing pancreatic cancer com-
pared to those with disease duration greater than 4 years (2.1
vs. 1.5, respectively) [35]. Similarly, in a matched case/control
study, the prevalence of pancreatic cancer was statically higher
only in patients with a duration of diabetes of 3 years or less
[35]. Given the temporal association, diabetes may be a result
of pancreatic cancer as opposed to pancreatic cancer being a
result of diabetes. Diabetes associated with pancreatic cancer
may represent a paraneoplastic process with secreted tumor
products leading to glucose intolerance and altered glucose
metabolism in the liver and skeletal muscle [33].

In patients diagnosed with diabetes, is it justified to screen
for pancreatic cancer? Prospective studies are lacking. Given
the low prevalence of pancreatic cancer in those with newly
diagnosed diabetes (1 %), a screening test must be low cost,
highly sensitive, and noninvasive. These screening criteria do
not currently exist. Risk-stratifying patients with newly diag-
nosed diabetes, a higher incidence of pancreatic cancer was
found in those with lower BMI (<27), tobacco use, and paren-
tal history of pancreatic cancer [36].

In conclusion, diabetes has been associated with pancre-
atic cancer with risk being highest in those with diabetes for
less than 3 years. Risk of pancreatic cancer does not increase
as the duration of diabetes increases. Given the lack of cost-
effective, noninvasive, and sensitive screening tests for pan-
creatic cancer, population-wide screening for pancreatic
cancer in those with diabetes is prohibitive.
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