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In the last couple of decades, a deeper understanding of the link between 
nutrition, weight, and digestive health has come to the forefront of both 
patient and provider interest. Despite a growing body of literature and 
increased awareness, lack of medical practitioner knowledge and comfort 
level in the nutrition space often limits practical application. The aim of this 
book is to serve as a definitive nutritional reference for medical providers 
who care for patients with digestive diseases.

The book is divided into four sections, serving as a comprehensive refer-
ence tool as follows:

• The first section discusses basic nutritional concepts that lay a foundation 
for future chapters. This includes discussion of the gastrointestinal tract’s 
role in digestion and metabolism, an outline of dietary composition and 
associated deficiencies, and a review of nutritional assessment and general 
therapeutic principles.

• The second section outlines dietary and nutritional implications of specific 
digestive diseases organized by affected gastrointestinal organ. It addition-
ally discusses the use of prebiotics, probiotics, and herbal supplements 
and reviews food allergies and intolerances.

• The third section reviews appetite regulation, weight management, and 
obesity’s association with gastrointestinal diseases. It also discusses the 
importance of comprehensive, multi-disciplinary obesity care including a 
review of dietary, pharmacological, endoscopic, and surgical options that 
promote weight loss.

• The fourth section discusses foundational nutritional support concepts. It 
additionally details management of both parenteral and enteral nutrition 
for use when oral diets are insufficient, not tolerated, or contraindicated in 
care.

Overall, our hope is this book empowers practitioners to incorporate nutri-
tion and weight management principles into their care for patients with diges-
tive diseases.

New York, NY, USA Carolyn Newberry
Washington, DC, USA Janese Laster
Philadelphia, PA, USA Octavia Pickett-Blakely 
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Normal Gastrointestinal Tract 
Physiology

Dariush Shahsavari and Henry P. Parkman

 Introduction

The gastrointestinal (GI) tract plays several 
important roles in body homeostasis including 
regulating the transit of ingested food down the 
GI tract for efficient digestion and absorption of 
essential nutrients. The GI tract is responsible for 
providing the body with supply of water, electro-
lytes, essential nutrients, and vitamins [1]. The 
main functions of the gastrointestinal tract 
include (1) movement of food through GI tract 
(motility), (2) digestion of food by mechanical 
and chemical (secretion of digestive enzymes) 
mechanisms, (3) absorption, (4) barrier and 
immune defense, (5) and interactions with micro-
biota. In this chapter, each of these areas is dis-
cussed, starting out with a brief overview of the 
topic, followed by a discussion of that area, and 

ending with a summary of the important aspects 
of the topic.

 GI Motility

Overview of GI Motility There are two main 
purposes of GI motility: (1) propulsion of food 
bolus along the alimentary tract and (2) grinding 
and mixing of the content with digestive enzymes. 
This is achieved by a series of phasic and tonic 
contractions which are under local and neuroen-
docrine regulations and reflexes leading to move-
ment of the ingested/digested food.

 Contractions

The intestinal wall consists of several layers 
including (1) the serosa, (2) a longitudinal smooth 
muscle layer, (3) a circular smooth muscle layer, 
(4) the submucosa, and (5) the mucosa. The lon-
gitudinal and circular muscle layers are closely 
connected through numerous gap junctions and 
bundles of muscle fibers which are intercon-
nected with connective tissue forming essentially 
a matrix of smooth muscle bundles [1].

 1. Phasic contractions. The smooth muscle in 
the alimentary tract shows a continuous elec-
trical activity which has two types: (1) slow 
waves and (2) spikes [1, 2]. Slow waves are 
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slow changes in the resting cell membrane 
potential with a varying frequency depending 
on the location in the GI tract, ranging from  
3/min in the body of stomach, to 8/min in the 
terminal ileum, to 12/min in duodenum [3]. 
Slow waves set the rhythm of contractions in 
different parts of GI tract [4, 5]. The mecha-
nism of slow wave generation is complex but 
seems to start in the interstitial cells of Cajal 
(ICCs), the GI pacemaker cells [6]. The slow 
waves are not able to generate muscle con-
traction by themselves, but by bringing the 
membrane potential closer to threshold, they 
facilitate the generation of “spike potentials” 
which are true action potentials and can lead 
to muscle contraction [1, 2]. Unlike action 
potential in nerve fibers which is caused by 
influx of sodium, GI muscle fibers rely mostly 
on calcium ion entry through calcium-sodium 
channels, which are much slower compared to 
sodium channels, which aids longer duration 
of action potentials [2]. Acetylcholine release 
(parasympathetic) facilitates action potential, 
whereas norepinephrine (sympathetic) and 
epinephrine (adrenal medullary stimulation) 
can inhibit action potential [7].

 2. Tonic contractions. In addition to the phasic 
contractions, some muscles in the GI tract 
exhibit continuous tonic contractions. The 
gastrointestinal sphincters, such as the lower 
esophageal sphincter, rely on this mecha-
nism to maintain their tone. Phasic contrac-
tions may be superimposed on tonic activity 
and, therefore, tone can increase the effi-
ciency of phasic contractions by diminish-
ing the diameter of the lumen [8]. On the 
other hand, tone partly determines the wall 
tension and contributes to the perception of 
distention [9].

 Gastrointestinal Movements

There are two types of movements in GI tract: (1) 
peristalsis to move contents forward and (2) mix-
ing movements which facilitate the mixing of GI 
tract contents.

 1. Peristalsis

These propulsive movements cause forward 
movement of food in an aboral direction (away 
from mouth). A ring-like contraction begins in a 
part of GI tract and then moves forward. It usually 
is trigged by gut wall distention which then causes 
contraction [1, 4]. Table  1.1 shows the reflexes 
associated with GI tract. Other factors that increase 
peristalsis are chemical or physical irritants, as 
well as parasympathetic stimulation. This mecha-
nism relies on the presence and proper function of 
the myenteric plexus. The congenital absence of 
this structure (such as in Hirschsprung’s disease) 
leads to weak or non-existent peristalsis [4].

When a segment of GI tract is stimulated usu-
ally by distention, a contraction several centime-
ters behind the bolus begins which moves in the 
anal direction for 5–10 centimeter before fading 
out. Simultaneously, the gut wall downstream 
relaxes for several centimeters (“receptive relax-
ation”) [1, 2]. This allows food to be propelled 
forward. This “peristaltic reflex” depends on the 
myenteric plexus. Together with forward propul-
sion of food, this is called “law of gut” (also 
known as Bayliss and Starling’s law of the intes-
tines) [1, 10].

 2. Mixing Movements

Peristaltic contractions can also participate in 
mixing if the forward contractions are blocked by a 
closed sphincter, such as in the stomach with the 
pyloric sphincter. In addition, there are specific 
mixing movement patterns which are specific to 
each part of the GI tract. The purpose of these 
movements is to facilitate food contact with diges-
tive enzymes and absorptive surfaces. They also 
help with temporary storage in certain regions of 
the gut, prevent retrograde movement of the con-
tent, and promote disposition of the residues [8].

 Mastication (Chewing)

Chewing is an important part of digestion of food, 
especially for fruits and raw vegetables as they 

D. Shahsavari and H. P. Parkman
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have indigestible cellulose membranes that need 
to be broken down. Teeth play an initial vital role. 
The front teeth (incisors) help with cutting and the 
posterior teeth (molars) are involved with grinding 
[10]. Digestive enzymes act on the surface of food 
particles and chewing helps break down the bolus 
into smaller pieces with larger total surface to be 
digested. Furthermore, this facilitates easier pas-
sage of food through GI tract [1].

Mastication is a well-orchestrated process 
which involves a series of voluntary and involun-
tary movements. Muscles of mastication include 
the masseter, the temporalis, and the medial and 
lateral pterygoids which are innervated by the 
mandibular division of the trigeminal nerve (cra-
nial nerve V). The chewing process is controlled 
by the nuclei in the brain stem which control the 
rhythmic chewing movements [11]. Although the 
initiation is voluntary, much of the process hap-
pens as a part of “chewing reflex” [1]. Initially, 
when bolus enters the oral cavity, muscles of 
mastication are inhibited via a reflex mechanism. 
This allows the lower jaw to drop and trigger a 
“stretch reflex” of the mastication muscles to 
contract, which raises the jaw, pushing the bolus 
against the oral mucosa which leads to jaw drop 
and this repetitive cycle continues.

 Deglutition (Swallowing)

Swallowing is a complex process which involves 
safe passage of bolus into the alimentary tract 
while protecting airway. There are three phases 
of deglutition: (1) voluntary stage, (2) pharyngeal 
stage, and (3) esophageal stage [1, 12].

 1. Voluntary phase: When the mastication pro-
cess is complete, food is pushed to the phar-
ynx with the help of tongue. The movement is 
upward against soft palate and especially on 
the tonsillar pillars which have swallowing 
receptors, and this triggers the automatic part 
of swallowing [1].

 2. Pharyngeal phase: This phase is involuntary 
and begins after epithelial swallowing recep-
tors start sending afferent signals to the brain-
stem deglutition centers in medulla oblongata 
[13]. Initially, the soft palate is pulled upward 
to protect the nasopharynx, so food does not 
enter the nasal cavities. The palatopharyngeal 
folds are pulled medially to provide a slit 
through which food can pass to the posterior 
pharynx. It also acts as a filter to allow smaller 
food particles to pass and the larger parts are 
pushed to the front for more mastication [1]. 

Table 1.1 Gastrointestinal Reflexes

Reflex Mechanism
Receptive relaxation (myenteric or peristaltic 
reflex)

A vasovagal reflex that relaxes the muscles of the proximal 
stomach to accommodate incoming food

Chewing reflex A reflex involving cranial nerves and brain stem to organize 
rhythmic chewing movements

Gastroenteric reflex Stomach wall distention increases peristalsis in small intestine 
via local myenteric and vagal nerves

Gastroileal reflex Stomach wall distention increases motility in terminal ileum 
and release of chyme into cecum

Gastrocolic and duodenocolic reflexes Distention of gastric and duodenal walls leads to increased 
colonic motility

Intestino-intestinal reflex Overdistention of a portion of small intestine results in 
inhibition of motility of the rest of the small bowel

Enterogastric reflexes Distention of small bowel wall inhibits gastric motility and 
increases pyloric tone via myenteric and sympathetic nerves

Rectosphincter reflex (rectoanal inhibitory reflex) Distention of rectal wall leads to relaxation of internal anal 
sphincter and urge to defecate

Defecation reflexes A series of reflexes involved in the defecation process
Peritoneoinstetinal reflex Irritation of peritoneum (peritonitis) can inhibit excitatory 

enteric nervous system which leads to ileus
Renointestinal and vesicointestinal reflex Irritation of kidney or bladder can inhibit excitatory enteric 

nervous system which leads to ileus

1 Normal Gastrointestinal Tract Physiology
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The vocal cords are closed and larynx is 
pulled up and anteriorly by the neck muscles 
while epiglottis swings backward to cover the 
opening of larynx due to the presence of liga-
ments. This prevents food from getting into 
trachea [14]. Upward movement of trachea 
also pulls up the upper opening of esophagus, 
and the upper esophageal sphincter (UES) 
relaxes which allows food to be passed to 
esophagus. Once the passageway is open, 
pharyngeal wall muscles contract starting 
from the superior part going downward which 
pushes food into esophagus. During the swal-
lowing process, which lasts less than 2  sec-
onds, the swallow center inhibits the 
respiratory center in medulla [14]. Cranial 
nerves V, IX, X, XII, and nucleus ambiguous 
are involved in the motor function of swallow-
ing [13, 15].

 3. Esophageal phase: There are two types of 
peristaltic movements which propel food to 
the stomach. Primary peristalsis is continua-
tion of the pharyngeal contraction wave. The 
wave propagates down the entire length of 
esophagus which lasts about 8–10  seconds 
[1, 8]. In upright position, gravity also facili-
tates the food passage. These waves in the 
upper one-third of the esophagus, which 
contains striated muscles, happen mostly 
through a brainstem reflex [13, 15]. 
Secondary peristalsis of esophagus is a result 
of local distention by residual food if bolus 
does not pass completely [8, 10]. These 
waves continue until the bolus is cleared. In 
the lower two-thirds of the esophagus, which 
contains smooth muscle, the myenteric 
plexus plays a major role. Vagus nerve 
through its connections with myenteric 
plexus also facilitates the process. Before 
these peristaltic waves reach the lower 
esophageal sphincter (LES), a “receptive 
relaxation” of LES (via release of vasoactive 
intestinal peptide [VIP] and nitric oxide) and 
also the stomach (through inhibitory myen-
teric fibers) facilitate passage and storage of 
food in the stomach (accommodation) [1, 8, 
16]. Synchrony between longitudinal and 
circular muscle layers is important for effec-

tive esophageal contractility which leads to 
shortening of esophagus and opening of LES 
[17]. Lack of proper LES relaxation during 
swallowing occurs in achalasia, and weak 
baseline LES tone, can lead to gastroesopha-
geal reflux (GERD). Crural diaphragm, 
which is superimposed on the LES, plays an 
important role in the EGJ function. These 
striated muscle bundles which contract dur-
ing inspiration exert effective boosting of 
EGJ pressure [18]. Other factors increasing 
LES tone include acetylcholine (parasympa-
thetic system), gastrin, motilin, and protein-
rich food. Factors decreasing LES tone 
include sympathetic system, VIP, nitric 
oxide, cholecystokinin (CCK), gastric inhib-
itory peptide (GIP), secretin, progesterone, 
prostaglandin E, and fat-rich food [10].

 Stomach

The stomach has various functions which include 
temporary storage of food after ingestion, diges-
tive enzymes secretion, and mixing food with gas-
tric secretions. This process results in the 
production of a semifluid mixture termed chyme 
which is slowly emptied through the pylorus into 
the small intestine [1]. Anatomically, stomach 
consists of cardia, fundus, body (corpus), antrum, 
and pylorus. The orad portion of the stomach 
(fundus and body) is responsible for storage. As 
food enters the stomach, it stretches stomach 
walls causing a vasovagal reflex to reduce the tone 
of wall muscles to allow for more compliance 
(increase in volume without increase in pressure). 
This is known as “accommodation” and is medi-
ated by nitric oxide and VIP [1, 8, 16]. A com-
pletely relaxed stomach can accommodate 0.8–1.5 
liters [1]. Gastric secretory glands, which are 
present in the entire stomach lining except for 
lesser curvature, secret digestive enzymes which 
act on the ingested food’s surface. A set of peri-
staltic waves called mixing waves begin in the 
upper and mid portion of stomach and progress 
toward the antrum every 15–20 seconds [2]. They 
are generated by the background slow waves dis-
cussed earlier. As they move toward the antrum, 
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they become stronger and form constrictor rings 
which are action potential-driven that push the 
content toward pylorus [10]. Since the pyloric 
sphincter is contracted, only a small amount of 
content can pass through pylorus (less than 
0.25  mm in diameter). This results in upstream 
movement of food back toward the body (“retro-
pulsion”), which essentially leads to mixing and 
pulverization of food and this cycle continues [1, 
10]. About 20% of these peristaltic waves are 
more intense and begin in the mid portion of the 
body and progress toward pylorus in a ring-like 
formation, which facilitate stomach emptying. 
When food has been exposed to gastric secretions 
and acid thoroughly, the soft fluid/semifluid mix-
ture chyme is formed which can be pushed 
through pylorus to duodenum. This action is 
called “pyloric pump” [19]. As the stomach 
becomes empty, these constriction rings move 
proximally and this helps push the remaining food 
distally. Higher food volume in the stomach 
enhances emptying from stomach by activating 
local myenteric reflexes that inhibit pylorus con-
striction and intensify the pyloric pump. Another 
factor that promotes pylorus pump and gastric 
emptying is gastrin secretion by antral G cells. 
The rate of emptying is generally faster for liq-
uids, small solids, and carbohydrates. Proteins, 
fats, acidic food, and food with higher osmolarity 
have slower emptying [10].

As food enters the small bowel, several regu-
latory mechanisms control the rate of gastric 
emptying. As the volume of chyme increases in 
the small intestine (causing wall distention), sev-
eral local and systemic reflexes are activated 
which act mostly through enteric and sympa-
thetic nervous systems, and this decreases gastric 
emptying and increases pyloric tone [2]. These 
“enterogastric reflexes” ensure enough time for 
digestion. Other factors that can trigger these 
reflexes in duodenum are acidity and osmolality 
of chime, and presence of irritants, proteins, and 
possibly fat breakdown products. There are small 
intestinal inhibitory feedback hormones which 
also regulate gastric emptying. Cholecystokinin 
(CCK) is released from jejunum in response to 
fatty content which decreases gastric motility. 
Secretin, triggered by acidic chyme and gastric 

inhibitory peptide (GIP) secretion in response to 
fat and probably carbohydrates, can also reduce 
stomach motility and emptying [10, 20].

The stomach movements do not exclusively 
happen in the presence of food. The stomach 
exhibits regular contractions every 90–120 min-
utes called “migrating motor complex (MMC)” 
[1, 8, 10], which start when stomach has been 
empty for several hours. The hormones motilin 
(secreted by M cells in the upper small intestine) 
and ghrelin (secreted by P-/D1-cells in the gastric 
fundus and epsilon cells in the pancreas) play a 
role in generating these rhythmical movements in 
the body of the stomach which gradually increase 
in intensity, culminate in strong peristaltic con-
tractions [21]. There are four phases of a normal 
MMC. Phase I is a quiescent period with no con-
tractions. During phase II, irregular and intermit-
tent low-amplitude contractions occur. Phase III 
(main phase) consists of regular and high- 
amplitude contractions, and finally phase IV is a 
short transition period back to phase I. During the 
phase III portion of the MMC, the pyloric sphinc-
ter remains open to evacuate large non-digestible 
food left in the stomach and small intestine as 
well as mucus, sloughed cells, and bacteria from 
the small intestine [10]. This process functions as 
a housekeeping process and also prevents bacte-
rial overgrowth. When meal ingestion occurs, 
these complexes are converted to the fed motor 
activit state and this conversion relies on an intact 
vagal nerve function [8].

Ghrelin, an endogenous ligand of growth 
hormone receptor, is a gastric peptide hormone 
which exerts various physiological actions in 
the body including growth hormone secretion, 
appetite stimulation, long-term body weight 
regulation, and glucose homeostasis [22]. In 
addition, ghrelin increases gastric acid secretion 
by stimulating vagal signal and histamine 
release and promotes gastric motility and migra-
tion motor complexes (MMC) via vagal stimu-
lation as mentioned above [23, 24]. Ghrelin is 
secreted in a pulsatile manner and its levels 
increase before the onset of meal and during 
fasting and decrease with feeding [25]. This 
may suggest that ghrelin may act as a hunger 
signal for meal initiation [22].
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 Small Intestine

Small intestine also has two types of movements: 
segmentation (mixing) and peristalsis (propul-
sion) [1].

When any segment of small intestine is dis-
tended (e.g., due to the presence of chyme), tran-
sient concentric contractions occur which are 
called “segmentation” [26]. It creates a sausage- 
like chain of segments which alternate between 
contraction and relaxation of different parts gen-
erating mixing motions of food with digestive 
secretions. The maximum frequency of these 
contractions is based on the frequency of slow 
waves in different parts of small intestine 
from 12/min in duodenum to 8/min in terminal 
ileum [3].

Peristaltic waves happen in any part of the 
small intestine. They are usually faster in the 
proximal intestine. Each wave can travel about 
3–5 centimeters before dying down. The net 
result is usually a velocity of 1 cm/min forward 
movement which translates into 3–5  hours of 
time required for chyme to pass from pylorus to 
ileocecal valve [1]. These waves increase after 
meal consumption. This results from stomach 
distention (gastroenteric reflex) as well as duode-
nal distention which leads to activation of myen-
teric plexus [1, 2]. Hormones such as gastrin, 
CCK, insulin, motilin, and serotonin can enhance 
these movements. Conversely, secretin, epineph-
rine, and glucagon decrease small bowel motility. 
Overdistention of a portion of small intestine 
results in inhibition of motility of the rest of the 
small bowel (intestino-intestinal reflex). When 
chyme reaches the terminal ileum, it stops behind 
the ileocecal sphincter for several hours until the 
next meal when gastric distention leads to “gas-
troileal reflex” which increase the peristaltic 
waves and pushes chyme into cecum. This 
ensures ample time for digestion and absorption 
in small intestine. While stomach empties 7–10 
liter of chyme into small intestine every day, only 
1.5–2 liter of chyme is emptied into the cecum 
[10]. Although these waves are relatively weak, 
local irritation of mucosa (e.g., inflammation or 
infection) can cause stronger and more frequent 
waves called “peristaltic rush” which facilitate 

expulsion of toxins and irritants into colon caus-
ing diarrhea. On the other hand, distention of 
cecum or presence of irritation in the cecal area 
(e.g., acute appendicitis) intensifies ileocecal 
sphincter tone and inhibit ileal peristalsis some-
times to the point of total paralysis (i.e., ileus) 
[10]. Local myenteric plexus and sympathetic 
nervous system are involved in the process [2].

 Colon

Large intestine also has mixing (haustrations) 
and peristaltic movements (mass movements) [1, 
27]. The purpose of these movements is absorp-
tion of water and electrolytes and formation of 
solid feces. The proximal part of colon is mostly 
involved in absorption and stool formation and 
the distal part is mainly for storage of fecal mat-
ter until defecation.

Haustrations in colon happen similar to seg-
mentation in the small bowel. Large circular 
rings form constricting segments of colon along 
with longitudinal taeniae coli. The result is 
balloon- like sacculation of other segments (haus-
tra). These movements peak in about 30 seconds 
and then gradually disappear which result in mix-
ing and rolling of the fecal matter, thereby expos-
ing more surfaces to mucosa for water and 
electrolyte absorption. These movements show a 
diurnal variation, i.e., they are less pronounced 
during sleep and increase dramatically with wak-
ing [28, 29].

Haustrations do have some slow forward 
movement toward the anus, but the main propul-
sive action is causes by the so-called “mass 
movements” which can happen 1–3 times a day, 
especially in the morning after breakfast [30, 31]. 
These peristaltic waves begin with a constrictive 
ring which rapidly move and stimulate a large 
segment of colon to contract, often forming a 
block of more than 20 centimeters, pushing the 
fecal matter forward. The contraction peaks at 
about 30 seconds and then dissipates within the 
next 2–3  minutes. Similar series of movements 
repeat for 10–30 minutes and then stop [1]. Meal 
ingestion (distention of stomach and duodenum) 
triggers mass movements (gastrocolic and duo-
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denocolic reflexes). Composition of the meal 
seems to influence these reflexes [8]. Fat and car-
bohydrate stimulate colonic activity, while amino 
acid and protein inhibit it. Local irritation of 
colon (e.g., inflammatory bowel disease) also can 
cause persistent mass movements.

There is a cyclic motor activity, especially in 
the rectum, called “rectal motor complex” which 
is not synchronized with the small intestinal 
MMC, and its regulation and purpose are not 
fully understood; perhaps this generates the urge 
to defecate [8].

 Defecation

Defecation is the process of expelling feces when 
it reaches the rectum. Rectal vault is usually 
empty most of the time due to a sharp angle 
between the sigmoid colon and rectum [1, 32]. 
When a series of mass movements propel fecal 
matter into rectum, the sensation to defecate is 
triggered. It initiates “rectosphincter reflex” (also 
known as the rectoanal inhibitory reflex [RAID]) 
resulting in contraction of the rectum and relax-
ation of the internal anal sphincter which is the 
involuntary smooth muscle sphincter of anus [2]. 
The external sphincter, which is composed of 
voluntary striated muscles, prevents leakage of 
stool until willful evacuation [32]. If defecation is 
prevented, the rectum slowly pushes the material 
back into the sigmoid colon and the urge to def-
ecate disappears until the next mass movement 
[10]. There are a number of “defecation reflexes” 
involved in the process of defecation [2, 32]. The 
“intrinsic reflex” (through myenteric plexus) is a 
result of rectal wall distention which leads to 
intensification of peristaltic movements in the 
descending colon, sigma, and rectum to push 
feces toward anus, which in turn relaxes the inter-
nal anal sphincter as described above. Rectal dis-
tention also triggers a parasympathetic defecation 
reflex (through S2-S4 spinal segments) which 
leads to much stronger peristaltic waves and even 
more relaxation of the internal sphincter. When 
defecation is started, other processes are trig-
gered via spinal cord including taking a deep 
breath and downward movement of the dia-

phragm, closure of the glottis, abdominal muscle 
contraction, and pelvic floor relaxation. These 
activities together help push more feces down 
and distend the rectal wall, which in turn trigger 
new set of reflexes [1].

 Summary of Important Aspects of GI 
Motility

• GI motility involves propulsion and mixing of 
the nutrients along the digestive tract. This is 
achieved by a series of phasic and active 
movements which are under local and neuro-
endocrine regulations and reflexes.

• Chewing is an important part of food break-
down, especially indigestible fibers. This is 
followed by swallowing, which through a 
series of voluntary and involuntary move-
ments involving higher brain centers leads to 
the safe passage of food to the stomach.

• The stomach cavity relaxes in response to 
incoming food to receive, store, and expose 
food to acid and digestive enzymes.

• The stomach movements are well coordinated 
and under many local and system reflexes and 
hormones. They ultimately bring about mix-
ing of food with enzymes and formation of 
chyme which passes to the small intestine.

• The small intestine continues to mix (segmen-
tation) and propel chyme while further diges-
tion and absorption happens.

• Mixing movements in the colon (haustrations) 
ensure the maximal absorption of water and 
electrolytes, and together with peristalsis 
(mass movements), condensed fecal matter is 
formed and expelled through a complex pro-
cess involving coordinated movements called 
defecation.

 Gastrointestinal Secretions

Overview of GI Secretions There are numerous 
secretory glands distributed throughout the ali-
mentary tract. These have mainly two purposes: 
mucous production and digestion. The secretion 
process is regulated by local and autonomic ner-
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vous systems as well as various hormones. 
Gastrointestinal secretions from different areas 
of the GI tract are listed in Table 1.2.

 Mucous Production

“Mucus” is a thick secretion which mainly con-
sists of water, electrolytes, and certain glycopep-
tides [33]. The composition slightly varies based 
on the anatomical location, but the function is the 
same, namely, lubrication and protection of the 
gut wall. Due to its viscous quality, it can adhere 
to the food tightly and fully cover food particles 
with a thin and slimy film which facilitates move-
ment along the GI tract (lubrication) [1]. In the 
colon, it helps fecal particles to adhere to one 
another to form stool. It forms an effective coat-
ing of the GI lumens to prevent direct contact of 
food or digestive enzymes with the mucosa. It is 
very resistant to digestion by digestive enzymes. 
Mucus also contains a moderate amount of bicar-
bonate ions which helps to neutralize acidic 
products. It is secreted by billions of “mucous 

glands” (also known as goblet cells) [34]. 
Epithelial stimulation from coming in contact 
with food leads to increase in mucous produc-
tion. Other factors promoting mucous section 
include enteric nervous system activation, local 
distention, and chemical irritation [1].

In general, parasympathetic stimulation 
increases most GI glandular secretions via mus-
carinic (M3) receptors on acinar cells. 
Sympathetic nervous system has a dual effect on 
secretion [10]. Norepinephrine binds to β-2 
adrenergic receptors on acinar cells which stimu-
lates secretion modestly. If secretion is already 
high due to parasympathetic or hormonal factors, 
sympathetic stimulations lead to reduction of the 
secretions by causing local vasoconstriction.

 Saliva

Saliva contains two types of secretions: serous 
and mucus. Parotid gland produces serous secre-
tions, buccal glands produce mucus, and sub-
mandibular and sublingual glands are mixed 

Table 1.2 Gastrointestinal secretions

Location GI secretion Stimulated by Inhibited by Function
Oral cavity Saliva (mucus and 

serous)
ACh (M3 receptors), NE 
(β2 receptor)

Antimuscarinic 
medications, 
dehydration, stress

Lubrication, digestion 
of complex 
carbohydrates and 
lipids

Alimentary tract 
from esophagus 
to rectum

Mucus ACh (M3 receptors) Lubrication, mucosal 
protection

Stomach Hydrochloric acid ACh (M3 receptors), 
histamine (H2 receptors), 
gastrin (CCKB receptor, 
histamine)

Secretin, somatostatin, 
GIP, prostaglandins, 
PPIs, H2 blockers

Food digestion, 
pepsinogen activation, 
bactericidal effect

Intrinsic factor (IF) ACh (M3 receptors) Vitamin B12 
absorption

Pepsin ACh (M3 receptors) High gastric pH Protein digestion
Mucus ACh (M3 receptors) Lubrication, stomach 

mucosa protection
Pancreas Bicarbonate Secretin, ACh Neutralization of 

acidic chyme
Digestive enzymes 
(protease, amylase, 
lipase)

CCK, ACh, enterokinase Trypsin inhibitor Digestion

Liver Bile CCK, ACh, more bile 
return in the enterohepatic 
circulation

Fat digestion, and 
cholesterol and toxin 
excretion
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glands. Serous secretions have “ptyalin” (a form 
of α-amylase) which aids in digestion of complex 
carbohydrates and “lingual lipase” which starts 
the digestion of triglycerides [1, 34].

Saliva also plays a vital role in maintaining 
healthy oral hygiene. As saliva flows (0.5 cc/min 
while awake), it washes the harmful bacteria con-
stantly [1]. There are various bactericidal factors 
in saliva including proteolytic enzymes (e.g., 
lysozyme), lactoferrin, and thiocyanate ions. In 
addition, IgA immunoglobulin content in saliva 
also activates immune system to reduce the 
pathogen burden in the oral cavity. The impor-
tance of this function is manifested in patients 
with Sjogren’s disease, in whom salivation is 
absent, and this leads to oral ulceration and tooth 
decay [10].

Average daily saliva production is around 1 
liter with a pH of 6.0–7.0 [1, 34]. The saliva is 
secreted in stages. In the first stage, acini secretes 
the “primary saliva” which contains ptyalin and 
mucin. Electrolyte composition is similar to 
extracellular component. As the “primary saliva” 
passes through the ductal system, the electrolyte 
content changes [1, 10]. Sodium ions are actively 
reabsorbed in exchange for potassium secretion. 
Chloride is passively reabsorbed to keep the elec-
trical balance. Bicarbonate is absorbed partly 
passively in exchange for chloride and partly by 
active secretion. This is called the “secondary 
saliva” which is rich in potassium and bicarbon-
ate but has lower concentration of sodium and 
chloride compared to plasma. When there is 
copious salivation, this composition may be dif-
ferent as there may not be enough time for pri-
mary saliva produced in acini to undergo these 
changes as it passes through ducts.

Salivation centers in the brain stem which 
include superior and inferior salivatory nuclei 
regulate secretion of the saliva by parasympa-
thetic fibers in facial and glossopharyngeal nerves 
which increase saliva production and secretion in 
response to both taste and tongue tactile stimuli. 
These nerve endings release acetylcholine (ACh) 
which acts on the acinar cells to increase the vol-
ume of saliva. ACh also releases kallikrein which 
activates bradykinin (a vasodilator) and promotes 
blood flow to the glandular cells [10].

Higher cortical areas, hypothalamus and 
amygdale, also influence salivary secretion. 
Smelling or eating the food that is desirable gen-
erates more salivation than otherwise. Even see-
ing or thinking about food stimulates saliva 
production (conditioned reflexes) [2, 10].

The sympathetic supply of the salivary glands 
comes from superior cervical ganglia. As dis-
cussed before, it has a dual effect and its stimula-
tory effect is weaker than parasympathetic system 
[10]. Finally, any irritation in the stomach or 
small bowel also promotes saliva secretion to 
help remove the irritating factor [2].

 Esophagus

The esophageal tract is almost entirely mucus- 
producing to facilitate lubrication and protec-
tion [35]. In the upper part, there are mainly 
simple mucous glands, but in the area closer to 
the esophagogastric junction (EGJ), there are 
numerous compound mucous glands to protect 
the esophageal mucosa against the acidic gastric 
pH [1].

 Stomach

In addition to simple mucous cells that are pres-
ent in the entire stomach lining, there are two dis-
tinct types of glands in the stomach: gastric 
(oxyntic) glands and pyloric glands [36, 37].

Gastric Glands Oxyntic (acid-forming) glands, 
which are mostly located in the body and fun-
dus, mostly secrete stomach acid, pepsinogen, 
intrinsic factor, and mucus. They are composed 
of three types of cells: (1) peptic (chief) cells 
that secrete pepsinogen, (2) parietal (oxyntic) 
cells that secrete hydrochloric acid and intrinsic 
factor, and (3) mucous (neck) cells that produce 
mucus [37].

Hydrochloric acid secreted by parietal cells is 
isotonic but extremely acidic (pH ~ 0.8) [1, 36]. 
Basal acid output (BAO) is the amount of hydro-
chloric acid produced in the absence of any stim-
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ulation (usually less than 10  mmol/hour). 
Maximal acid output (MAO) is the amount of 
acid produced when stimulated, which is usually 
around 50 mmol/hour [10].

In parietal cells, when stimulated, water is dis-
sociated into H+ and OH− in the cytoplasm and 
the hydrogen ion is actively transported to the 
apical branching canaliculi by hydrogen- 
potassium pump (H-K-ATPase pump, also known 
as “proton pump”). This is the pump that is the 
target for proton pump inhibitors (PPIs) [10, 37]. 
Sodium is reabsorbed from the lumen by Na+-K+-
ATPase pump on the basolateral side. Potassium 
accumulated in the cells leaks back into the gas-
tric lumen which is exchanged for more hydro-
gen ions. OH− by-product combines with CO2 to 
form bicarbonate which is transported to blood in 
exchange for chloride ions which enters the cells 
toward the gastric lumen. Finally, water follows 
the ions secreted into the lumen via osmosis [36]. 
The net result is the secretion of hydrochloric 
acid, water, potassium chloride, and small 
amount of sodium chloride. It is important that 
this acidic juice does not come into direct contact 
with stomach mucosa. This is achieved by gener-
ous secretion of alkaline mucus as well as tight 
junctions between epithelial cells [33]. Any com-
promise of either or both factors leads to gastric 
mucosal injury which can lead to gastritis or gas-
tric ulcer formation. This process makes the 
venous gastric blood alkaline during active acid 
secretion leading to “alkaline tide” which is 
partly neutralized by the acidic blood coming 
from pancreas when producing sodium bicarbon-
ate as explained later [38].

Intrinsic factor secreted by parietal cells is 
vital for vitamin B12 absorption in terminal 
ileum. As a result, destruction of parietal cells 
leads to achlorhydria and pernicious anemia (a 
consequence of vitamin B12 deficiency) [10].

Pepsinogen produced by chief cells breaks 
down into its active form “pepsin” as soon as it 
enters the acidic stomach environment. This is 
the active enzyme form which helps with protein 
digestion (proteolysis). This enzyme is only 
active in acidic medium and becomes inactive as 
it enters more alkaline environment (i.e., duode-
num) [1, 36].

Parasympathetic or enteric nervous system 
(ACh secretion) stimulate all three types of secre-
tions (hydrochloric acid, pepsinogen, and 
mucus), whereas gastrin and histamine only stim-
ulate acid secretion. Acid secretion can cause 
additional enteric nervous reflexes which pro-
motes pepsinogen secretion as well. 
Enterochromaffin-like (ECL) cells are in the 
deep recesses of the gastric glands and release 
histamine which promotes acid secretions when 
it comes into direct contact with parietal cells 
(paracrine) [1, 10]. These cells are in turn acti-
vated by the hormone gastrin which reaches them 
through blood (endocrine).

Vagal stimulation leads to muscarinic (M3) 
receptors activation which stimulates H+-K+-
ATPase pump. On the other hand, gastrin stimu-
lates parietal cells to secrete H+ by interacting 
with cholecystokinin B (CCK-B) receptors. 
Histamine acts on H2 receptors on parietal cells 
and activates the proton pump. These stimuli can 
potentiate each other [10].

Pyloric Glands These glands consist mostly of 
mucous cells, few chief cells, and G cells that 
produce gastrin. There are no parietal cells in this 
region [36]. Gastrin is secreted by “gastrin cells” 
(“G cells”) located mostly in the antrum [39]. 
When they come into contact with meat or other 
protein-rich food, they release the hormone into 
the bloodstream which stimulates the ECL cells 
to secrete histamine as described above.

 Phases of Gastric Secretion

 1. Cephalic phase: gastric secretion begins with 
the sight, smell, taste, or even thought of food 
and when it is being chewed. These signals 
originate from the appetite centers in amyg-
dala and hypothalamus as well as cortical 
areas. Emotional stress can also provoke gas-
tric juice secretion which in the long run can 
lead to peptic ulcer disease. This phase leads 
to 30 percent of total gastric secretion (total 
daily volume is about 1.5 liter) [1, 2, 36].

 2. Gastric phase: 60 percent of secretion occurs 
when food enters the stomach. It involves 
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local enteric reflexes, vasovagal reflexes, and 
gastrin secretion.

 3. Intestinal phase: Presence of food in the duo-
denum initially also stimulates gastric 
 secretion (10 percent), but as more chyme 
enters the small intestine, due to enterogastric 
reflex, stomach secretion is inhibited. After 
gastric emptying, if gastric pH remains low, 
“somatostatin” secreted from D cells sur-
passes acid secretion by inhibiting gastrin and 
histamine secretion [40]. Abnormally high 
gastrin secretion (e.g., in Zollinger-Ellison 
syndrome) leads to unchecked increase in 
gastric acid production which can lead to mul-
tiple drug- resistant gastric and duodenal 
ulcers [10].

Other factors inhibiting gastric secretions 
include the hormone secretin (secreted as the 
acidic chyme enters duodenum), gastric inhibi-
tory peptide (GIP), vasoactive intestinal peptide 
(VIP), and prostaglandins [1, 37]. During fasting, 
gastric secretions continue which contain mostly 
mucus and some pepsin and almost no acid [36].

 Small Intestine

There are numerous mucous glands called 
“Brunner’s glands” in the proximal duodenum 
which secrete a large amount of alkaline mucus 
[33]. This secretion along with pancreatic and 
hepatic alkaline secretions protects the duode-
nal mucosa when the acidic chyme enters the 
small intestine. Local distention, vagal stimula-
tion, and secretin increase mucous secretion by 
these cells. Sympathetic stimulation inhibits 
mucous secretion which possibly explains the 
higher risk of duodenal ulcers in people who are 
under stress [41].

In addition, the entire surface of the small 
intestine is covered with villi and microvilli 
which facilitate nutrient absorption. Between 
these villi, there are crypts of Lieberkühn which 
contain numerous goblet cells that secrete mucus 
[1]. There are also enterocytes which secrete 
large quantities of water and electrolytes. 
Subsequently, these alkaline secretions along 

with the nutrients in the chyme are quickly reab-
sorbed by intestinal villi [1, 42]. As with other 
parts of GI tract, enteric nervous system in 
response to the small intestine’s wall distention 
or irritation plays a major role in regulation of 
these secretions [2].

 Large Intestine

Alkaline mucus production in the large intestine 
is similar to that in the small intestine [43]. There 
are crypts of Lieberkühn but no villi and diges-
tive enzymes in the large intestine [1]. This is 
important to lubricate the colon and form solid 
stool which can slide and be expelled. Mucous 
production also protects the colonic wall against 
excoriation by fecal material as well as billions of 
bacteria in feces.

Local enteric nervous system also regulates 
mucous production and secretion in the colon. 
Local irritation such as infection can increase 
water and electrolyte secretion tremendously in 
order to dilute and expel toxins, i.e., diarrhea 
[10]. Parasympathetic stimulation via pelvic 
nerves also can increase mucous secretion in the 
distal half of colon. This may lead to copious 
mucoid diarrhea during emotional stress.

 Pancreas

Pancreatic exocrine glands are structurally very 
similar to salivary glands [34]. The pancreatic 
acini produce the digestive enzymes, and sodium 
bicarbonate solution is added to the secretion by 
the ductal epithelial cells which is emptied 
through the pancreatic ducts and papilla of Vater 
into the duodenum. The total daily amount 
secreted is about 1 liter [1].

Digestive enzymes Enzymes secreted by pan-
creas are involved in the digestion of all three 
types of food components: proteins, fats, and car-
bohydrates [43].

Enzymes involved in protein digestion 
are  “trypsin’ (the most common one) and 
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 “chymotrypsin,” which digest polypeptides into 
smaller peptides (but not single amino acids), and 
“carboxypolypeptidase,” which can split some 
peptides into amino acids. These enzymes are 
initially synthesized in their inactive precursor 
forms which are called trypsinogen, chymotryp-
sinogen, and procarboxypolypeptidase respec-
tively [1, 43]. They are activated once they enter 
the duodenum. Trypsinogen is activated by 
enterokinase (also called enteropeptidase), an 
enzyme secreted by the intestinal mucosa. 
Trypsin itself can activate additional trypsinogen 
molecules, as well as chymotrypsin, and procar-
boxypolypeptidase. It is imperative that these 
activations do not happen inside the acini or in 
the pancreatic ducts. Otherwise, these enzymes 
“autodigest” the pancreas itself [1]. The same 
cells that produce these enzymes also secrete a 
“trypsin inhibitor” into the acini to prevent this 
conversion inside the pancreas. If pancreatic tis-
sue is damaged or in case of an obstruction (e.g., 
gallstone), the secretions build up quickly in the 
ductal system and overwhelm trypsin inhibitor, 
which leads to pancreatic injury i.e., acute pan-
creatitis [44].

“Amylase” is the enzyme involved in the 
digestion of starch, glycogen and polysaccha-
rides (except cellulose). “Lipase” is responsible 
for breaking up triglycerides into fatty acids and 
monoglycerides, “cholesterol esterase” hydro-
lyzes cholesterol molecules, and “phospholi-
pase” breaks up phospholipids [1, 43].

Bicarbonate Secretion Water and sodium 
bicarbonate are secreted by the epithelial cells in 
the ductules and ducts and are added to the diges-
tive enzymes [43]. These cells have carbonic 
anhydrase which facilitates HCO3− synthesis by 
combining water and carbon dioxide 
(CO2 + H2O=HCO3− + H+). Hydrogen ions are 
transferred into circulation in exchange with 
sodium ions at the basal surface. Bicarbonate 
ions together with sodium ions are actively trans-
ported to the luminal surface to form sodium 
bicarbonate [1]. Water follows the electrolytes 
into the lumen by osmosis.

Regulation Parasympathetic activation (ACh 
secretion) and cholecystokinin (CCK) stimulate 
the acinar cells to produce large amounts of diges-
tive enzymes but small amount of bicarbonate or 
water [45]. Without these components, the diges-
tive enzymes remain in the acinar cells and ducts. 
The hormone secretin, on the other hand, stimu-
lates water and bicarbonate secretion, which car-
ries the digestive enzymes into the small intestine. 
These stimuli have potentiating and additive effect.

Much like gastric secretions, the pancreatic 
secretions have similar phases [1]. Cephalic and 
gastric phases lead to 25–30% of secretion, 
mainly through ACh stimulation. The intestinal 
phase, when chyme, is associated with most of 
pancreatic secretions as CCK and secretin are 
activated (through blood stream). Secretin is a 
hormone that is secreted by “S cells” in the duo-
denum and jejunum. The precursor form is called 
“prosecretin” which is activated when acidic 
chyme enters the duodenum. Secretin promotes 
luminal chloride absorption in exchange for 
bicarbonate by acting on the cystic fibrosis trans-
membrane conduction regulator (CFTR) receptor 
[10]. This leads to copious secretion of water and 
sodium bicarbonate that neutralize the acidic 
chyme. The lower the pH, the more secretin is 
released which leads to more voluminous secre-
tion. This is essential for protection of the duode-
nal epithelia as they cannot withstand such acidic 
environment. CCK is produced by “I cells” in the 
duodenal and upper jejunal mucosa after being 
exposed to protein by-products and long-chain 
fatty acids [1, 45].

 Bile Production and Secretion

Bile production is one of the many liver functions 
[46]. Bile acids are important for fat digestion 
and absorption. Bile also is a carrier of various 
waste products including bilirubin (hemoglobin 
end-product) and cholesterol.

Bile is secreted from hepatocytes which con-
sists of bile acids (most common substance), cho-
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lesterol, lecithin, and bilirubin. It is secreted in 
bile canaliculi and empties into the terminal bile 
ducts which eventually form the hepatic duct and 
common bile duct. Bile from here either is 
diverted to gallbladder through the cystic duct for 
storage or is secreted into the duodenum. As bile 
passes through the bile ducts, the epithelial cells 
secrete water and sodium bicarbonate similar to 
pancreatic secretions which add to the bile vol-
ume and facilitate its flow [46]. If bile ends up in 
the gallbladder, sodium is reabsorbed via active 
transport through gallbladder wall and chloride 
and water follow passively. This leads to more 
concentrated bile which allots more storage 
capacity in gallbladder [47].

Every day about 1 liter of bile is secreted 
which contains 6 grams of bile acids [1]. These 
bile acids are synthesized in liver from choles-
terol precursors which are converted to cholic 
acid and chenodeoxycholic acid. These acids are 
then conjugated with glycine and taurine to form 
“primary bile salts” [10, 46]. These salts subse-
quently undergo alteration in the intestinal lumen 
by bacteria to form “secondary bile salt” which 
includes conjugated deoxycholate and lithocho-
late. They play an important role in fat digestion 
and absorption by emulsification of hydrophobic 
fat droplets (fatty acids, monoglycerides, choles-
terols) into complexes called “micelles” which 
are semi-soluble in the chyme, and thence they 
carry small fat globules to intestinal mucosa to be 
absorbed [48]. In the absence of these bile salts, 
as much as 40% of ingested fat can be lost in 
stool [1].

Bile salts are also an important means of 
removing cholesterol from blood as cholesterol is 
completely insoluble in water and needs to be 
excreted in the form of a colloid (i.e., micelles) 
[48]. People who have a high cholesterol diet are at 
risk of cholesterol precipitation in the gallbladder 
and stone formation (most common type) [10].

As these bile salts go through the small intes-
tine, about 94% are reabsorbed in the terminal 
ileum into blood by both active transport and dif-
fusion which enter portal circulation and go back 
to liver and hepatocytes through “enterohepatic 

circulation” to be resecreted into the bile. These 
cycles continue on average for 17 times before 
these salts are excreted in feces [1, 48]. Bile acids 
also stimulate colonic motility and secretions. 
High exposure of colonic mucosa to bile acids in 
case of bile acid malabsorption has been shown 
in a subgroup of patients with diarrhea- 
predominant IBS [49]. On the other hand, bile 
acid synthesis defect may lead to constipation- 
predominant IBS [50].

The amount of bile secreted by liver depends 
on the presence of bile salts in enterohepatic cir-
culation. The higher their concentration in the 
portal circulation, the higher the rate of bile 
secretion [1, 48].

Gallbladder contraction, sphincter of Oddi 
relaxation, and bile secretion are stimulated by 
CCK mostly as a result of fatty food reaching 
duodenum. Acetylcholine through enteric or 
parasympathetic nervous system also stimulates 
gallbladder contraction. Secretin stimulates the 
production of sodium bicarbonate and water here 
similar to pancreas [1, 46].

 Summary of Important Points of GI 
Sections

• The main purposes of various secretions 
throughout the alimentary tract are mucous 
production and digestion. The secretion pro-
cess is regulated by local and autonomic ner-
vous systems as well as various hormones.

• Mucus, a thick alkaline secretion which is 
present throughout the GI tract, facilitates 
food movement by lubrication and forms an 
effective protective coating which protects the 
GI tract against digestive enzymes, bacteria, 
and other pathogens.

• Saliva consists of mucous and serous secre-
tions that contain enzymes (amylase and 
lipase) which play some role in digestion.

• Gastric secretions include hydrochloric acid 
and pepsin which are important in protein 
breakdown. These secretions are under several 
neuronal and hormonal regulations.
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• The small intestine, the principal place of 
digestion and absorption, is where many 
digestive enzymes and regulatory hormones 
are secreted. These include pancreatic secre-
tions which contain neutralizing bicarbonate 
and digestive enzymes. Biliary secretions play 
a vital role in fat digestion and absorption.

 Digestion and Absorption

Overview on Digestion and 
Absorption Digestion is the process of chemical 
and mechanical breakdown of food into absorb-
able components. Absorption is the movement of 
nutrient molecules from the GI lumen into entero-
cytes and then into bloodstream or lymph [10].

 Digestion and Absorption

There are three types of main nutrients in food: 
carbohydrates, proteins, and fats which cannot be 
absorbed in their native forms and need to be 
digested. In addition, food contains water, miner-
als, and vitamins which are necessary for bodily 
functions.

Most major nutrients are absorbed in the small 
intestine. The colon (mostly the proximal half) is 
mainly involved in fluid and electrolyte absorp-
tion. It is able to absorb up to 8 liters of fluid and 
electrolytes each day [1].

The wall of the small intestine consists of mil-
lions of folds (folds of Kerckring), villi, and 
microvilli which increase the surface area avail-
able for absorption tremendously [1, 42]. The 
strategic location of the blood vessels and lymph 
lacteal in the center of villi facilitates this absorp-
tion. The absorptive capacity of a normal small 
intestine is thousands of grams of carbohydrates, 
500 grams of fat, 500–700 grams of proteins, and 
more than 20 liters of water each day [1].

 Carbohydrates

Most carbohydrates in food are either polysac-
charides or disaccharides that are essentially 
monosaccharides bound together with glycosidic 

bonds, which means a hydrogen ion has been 
removed from one side and a hydroxyl ion has 
been removed from the other side forming water 
in the process of binding (see Fig. 1.1) [8, 51]. 
During digestion, this process is reversed through 
a process called “hydrolysis,” which means add-
ing a water molecule to break up the bond [1]:

 
¢¢ ¢ ¢¢ ¢- + ® +R R H O R OH R H2  

Three major sources of carbohydrates in a nor-
mal diet include a large polysaccharide in plant-
based foods called starch (the most common), 
sucrose (disaccharide), and lactose which is a 
disaccharide found in milk. Other carbohydrates 
which are in small quantities include amylose, gly-
cogen, lactic acid, pyruvic acid, and dextrins.

In addition, there are often non-digestible car-
bohydrates e.g. cellulose in food which humans 
do not have the enzyme to digest its β-acetyl 
bond and therefore mostly stay in the GI tract and 
are ultimately exerted feces. These non- 
absorbable fibers have multiple benefits [10]. In 
the stomach, they bind water molecules. This 
leads to increase in bolus size which, after reach-
ing the duodenum, can slow gastric emptying (by 
local distention) prevent overeating by inducing 
satiety. In the ileum and colon, more wall disten-
tion results in lowers transit time which leads to 
more voluminous and softer stool. These fibers 
also bind cholesterol and bile acids and facilitate 
their excretion. Glucose absorption is also hin-
dered by a high-fiber diet. Finally, fibers bind 
ammonia which leads to increased nitrogen 
excretion in feces. This is especially important in 
people with liver or renal disease [10].

Digestion of carbohydrates begins when food 
enters mouth. Saliva contains ptyalin (an 
α-amylase) which mainly hydrolyzes α-1-4 gly-
cosidic bonds in starch into maltose, maltotriose, 
and α-limit dextrins (disaccharides) [10]. The 
process continues in the stomach for a while but 
since the enzyme is blocked by stomach acid, this 
only accounts for about 30–40% of total starch 
digestion [1]. As chyme enters the duodenum, 
pancreatic amylase, which is more potent than 
the salivary enzyme, digests almost all carbohy-
drates within 15–30 minutes. Enterocytes in the 
small intestine have multiple disaccharidases 
(lactase, maltase, sucrase, α-dectrinase) on their 
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surface, which split disaccharides into monosac-
charides as shown in Fig. 1.1.

Monosaccharides are water soluble and easily 
absorbed, mostly via active sodium co- 
transporters. These transporters rely on active 
transportation of sodium through the basolateral 
membranes of the enterocytes by Na+-K+-ATPase 
pump [52]. This creates a gradient for sodium 
which drags more sodium along with the mono-
saccharides at the luminal brush border. This pro-
cess is called “secondary active transport” which 

also relies on the presence of their other substrate, 
i.e., monosaccharides to be “co-transported” with 
sodium. Glucose and galactose then enter the 
portal circulation by facilitated diffusion 
(GLUT2) at the basolateral membrane. Fructose 
has different absorption mechanism which is 
facilitated diffusion on the apical side (GLUT5) 
[51, 53]. When fructose enters enterocytes, it is 
immediately phosphorylated and mostly con-
verted to glucose which is transported to the 
bloodstream. This is a slower process compared 

Fig. 1.1 Carbohydrate breakdown and metabolism in 
human body. Most carbohydrates in food are either poly-
saccharides or disaccharides that are essentially monosac-
charides bound together with glycosidic bonds, which 
means a hydrogen ion has been removed from one side 

and a hydroxyl ion has been removed from the other side 
forming water in the process of binding. During digestion, 
this process is reversed through a process called “hydroly-
sis.” (Adopted from TannerThies [102]. Reprinted with 
permission from Thieme publishers.)
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to secondary active transport. In general, the rate 
of absorption of carbohydrates is greater in the 
proximal bowel and most carbohydrates are 
absorbed by the middle of jejunum [10].

 Proteins

Proteins consist of arrays of amino acids which are 
linked by peptide bonds. Gastric acid denatures 
protein structures by unfolding them and exposes 
more bonds to pepsin (see Fig. 1.2) [8, 10]. Pepsin 
is an important stomach enzyme in digesting pro-
teins [1, 53]. It is only active under acidic pH and 

splits larger proteins into smaller polypeptides, 
proteoses, and peptones. It is exceptionally able to 
break up collagen which is a major connective tis-
sue protein in meat which allows other meat pro-
teins to be digested and absorbed. Lack of pepsin 
leads to poor meat digestion [10]. Pepsin provides 
10–20% of total protein digestion via hydrolysis 
mechanism similar to carbohydrates. When pro-
teins enter the small bowel, pancreatic peptidases 
(trypsin, chymotrypsin, elastase, carboxypolypep-
tidase) break up more peptide bonds [1]. Trypsin, 
chymotrypsin, and elastase split proteins into 
smaller polypeptides and carboxypolypeptidase A 
and B are able to cleave single amino acids from 
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Fig. 1.2 Protein metabolism. Proteins consist of arrays of 
amino acids which are linked by peptide bonds. Gastric 
acid denatures protein structures by unfolding them and 
exposes more bonds to pepsin. Pepsin is an important 
stomach enzyme for digesting proteins. When proteins 
enter the small bowel, pancreatic peptidases (trypsin, chy-
motrypsin, elastase, carboxypolypeptidase) break up 
more peptide bonds. Trypsin, chymotrypsin, and elastase 
split proteins into smaller polypeptides, and carboxypoly-
peptidase A and B are able to cleave single amino acids 

from the carboxyl end of protein chains. Finally, in duode-
num and jejunum, enterocytes at their brush border have 
various peptidases including aminopolypeptidase and 
dipeptidases which split the remaining polypeptides intro 
tripeptides, dipeptides which are absorbed by H+-
dependent active transporter (PepT1), and a few amino 
acids which are absorbed by sodium-dependent secondary 
active transport similar to carbohydrates mostly in jeju-
num. (Adopted from TannerThies [102]. Reprinted with 
permission from Thieme publishers.)
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the carboxyl end of protein chains. Finally in duo-
denum and jejunum, enterocytes at their brush 
border have various peptidases including aminop-
olypeptidase and dipeptidases which split the 
remaining polypeptides intro tripeptides, 
 dipeptides which are absorbed by H+-dependent 
active transporter (PepT1), and a few amino acids 
which are absorbed by sodium-dependent second-
ary active transport similar to carbohydrates 
mostly in jejunum [10].

In the cytosol of enterocytes, there are more pep-
tidases which break up the remaining peptide bonds 
and free amino acids enter into the blood through 
the basolateral side. This is imperative as if larger 

polypeptides are absorbed into blood stream, they 
can cause serious allergic or immune reactions [1].

 Lipids

Fat in the food consists of triglycerides (mostly 
in animal-based meals), phospholipids, choles-
terol, and cholesterol esters [1, 53]. Lingual 
lipase starts the digestion of triglycerides 
(mostly short- chained water-soluble lipids) 
which accounts for less than 10% of total diges-
tion. The main step of fat digestion occurs in the 
small intestine (See Fig. 1.3) [8, 54]. As chyme 
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Fig. 1.3 Lipid metabolism. Fat in the food consists of tri-
glycerides, phospholipids, cholesterol, and cholesterol 
esters. Lingual lipase starts the digestion of triglycerides 
(mostly short-chained water-soluble lipids) which 
accounts for less than 10% of total digestion. The main 
step of fat digestion occurs in the small intestine. As 
chyme enters duodenum, bile is secreted and “emulsifies” 
fat by binding to fat globules. Bile does not have any 
enzymatic activity but contains bile salts and lecithin 
which is a phospholipid with two ends. The fat-soluble 

portion binds to and engulfs the fat particles, while the 
polar (water soluble) end projects on the outer surface, 
which decreases interfacial tension of the fat, and breaks 
down fat into smaller particles. Pancreatic lipase can 
digest triglycerides very quickly in the small intestine by 
removing two fatty acids from positions 1 and 3 of triglyc-
erides through hydrolysis similar to carbohydrates and 
proteins, resulting in two free fatty acids and a 
2- monoglyceride. (Adopted from TannerThies [102]. 
Reprinted with permission from Thieme publishers.)
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enters duodenum, bile is secreted and, as 
explained before, “emulsifies” fat by binding to 
fat globules. Bile does not have any enzymatic 
activity but contains bile salts and lecithin which 
is a phospholipid with two ends. The fat-soluble 
portion binds to and engulfs the fat particles 
while the polar (water soluble) end projects on 
the outer surface, which decreases interfacial 
tension of the fat, and breaks down fat into 
smaller particles with agitation in the small 
intestine, thereby increasing the total surface 
area of the fatty particles to almost 1000-fold 
[1]. This is important because lipases are water-
soluble enzymes and can only act on the surface 
of fat particles. Even though bile salts help 
lipase this way, they also inhibit lipase from 
binding to the fat droplets. “Colipase” secreted 
from the pancreas alleviates this problem by 
binding to the C-terminal of lipase and forming 
a conformation that is more hydrophobic [55]. 
Pancreatic lipase can digest triglycerides very 
quickly in the small intestine by removing two 
fatty acids from position 1 and 3 of triglycerides 
through hydrolysis similar to carbohydrates and 
proteins, resulting in two free fatty acids and a 
2-monoglyceride [1, 53]. This process leads to 
rapid accumulation of these end-products which 
can hinder the lipase activity. Fortunately, bile 
salts in the vicinity can absorb and remove free 
fatty acids and monoglycerides from the area 
around the enzymes by forming micelles. These 
are small (3–6 nanometer) spheres which are 
water soluble and carry triglyceride digestion 
products through the small intestine to the brush 
borders of enterocytes where they are released 
and immediately absorbed into the cells [54].

Small amount of short- and medium-chained 
fatty acids can be absorbed into the portal blood 
with passive diffusion without needing to form 
chylomicrons and going through the lymphatics, 
as they are relatively more water soluble. The 
long-chain fatty acids and lipids require trans-
porters, namely the plasma membrane fatty acid- 
binding protein (FABPpm), the fatty acid 
transport protein 4 (FATP4), and the fatty acid 
translocase (FAT/CD36) [10].

Free fatty acids and monoglycerides enter the 
enterocyte’s smooth endoplasmic reticulum, 
where they form triglycerides again (re- 

esterification) and are carried in the form of 
chylomicrons by exocytosis to the lymph ducts 
and then to the systemic circulation via thoracic 
duct (thereby bypassing portal circulation). Bile 
salts are released into the small intestine and 
remain in the chyme to participate in fat diges-
tion again [1, 53].

Free fatty acids are also released from choles-
terol esters and phospholipids by pancreatic 
enzymes (cholesterol ester hydrolase and phos-
pholipase A2 respectively). Bile salt micelles 
carry cholesterol and phospholipids in a similar 
manner to triglyceride products. Without 
micelles, almost no cholesterol and only 40–50% 
of other fat particles are absorbed [10].

If pancreatic lipase is absent (e.g., chronic 
pancreatitis), or inactivated (e.g., in case of 
Zollinger-Ellison syndrome where stomach 
acid inhibits pancreatic lipase), or if bile acids 
are deficient (e.g., liver disease or ileal resec-
tion), fat digestion and absorption are impaired, 
which leads to oily and foul-smelling “steator-
rhea” [10].

 Water, Electrolytes, and Minerals

Water absorption is completely through passive 
diffusion by osmosis which happens through 
cells (transcellular) and gap junctions (paracellu-
lar) paths [56, 57]. Water absorption relies solely 
on the osmotic gradient which is created by active 
and passive transportation of electrolytes from GI 
lumen. As a result, water absorption depends on 
the osmolality of the chyme. If a hyperosmotic 
chyme is discharged from the stomach, water 
enters the small intestine, so the chyme remains 
isosmotic with plasma.

Sodium is absorbed by an active mechanism 
of Na+-K+-ATPase at the basolateral surface of 
intestinal epithelial cells which drags sodium 
from the GI lumen [58]. It can be co-transported 
with other nutrients through “secondary active 
transport” which was discussed earlier. It also 
can be exchanged with hydrogen ions (Na+-H+ 
exchanger) in ileum. Aldosterone (similarly to 
renal tubules) can enhance sodium absorption, 
and along with it chloride and water, greatly [1, 
57]. This leads to increase in absorption  especially 
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in the colon if a person is dehydrated. The tight 
junctions in the large intestine are better sealed 
compared to the small intestine which prevents 
back-leak and makes sodium absorption much 
more effective [1].

The intestine must be able to absorb 25–35 
grams of sodium each day as 20–30 grams of 
sodium are secreted in the GI secretions daily and 
the average diet consists of 5–8 grams of salt [1]. 
In case of intestinal epithelial damage or extreme 
secretion due to inflammation or infection, total 
body sodium reserves can be depleted rapidly.

In the upper GI tract, negatively charged chlo-
ride ions are dragged with positively charged 
sodium passively by diffusion. In some parts of 
ileum and the entire colon, chloride is absorbed by 
chloride-bicarbonate exchanger. This provides a 
protective alkaline environment in the colon. 
Cholera toxin can cause a widespread chloride 
channels via a cAMP pathway and lead to massive 
secretion of chloride ions and consequently sodium 
and water in the intestines, and this can lead to 
severe dehydration and death if left unchecked [10].

Since both bile and pancreatic secretions con-
tain large amounts of bicarbonate ions, they need 
to be reabsorbed. Hydrogen ions coming from 
the stomach as well as those secreted by Na+-H+ 
exchanger combine with bicarbonate in the duo-
denum and jejunum to form water and carbon 
dioxide molecules, both of which are absorbed 
by diffusion [1, 57].

Potassium is absorbed passively mostly in a 
paracellular manner [10]. It can be secreted in the 
colon (via a mechanism similar to secretion in 
renal distal tubules) by aldosterone-sensitive 
stimulation of Na+-K+-ATPase pump [58].

Calcium ions are actively absorbed mostly in 
the duodenum via channel-like calcium trans-
porter (CaT1), the Na+-Ca2+ exchanger (NCX1), 
and the plasma membrane Ca2+-ATPase 
(PMCA1) [10]. This process is vitamin D depen-
dent, and parathyroid hormone (PTH) regulates 
calcium absorption through vitamin D activation. 
Calcium can also be passively absorbed through 
paracellular pathway in the rest of small intestine.

Iron is absorbed in the proximal small intes-
tine [10]. When exposed to the stomach acid, 
ingested iron in the form of ferric ions (Fe3+) is 
reduced to ferrous ions (Fe2+). Ferric reductase 

on the brush border of proximal small intestine 
and also vitamin C (ascorbic acid) are able to 
reduce ferric ions. Ferrous form is transported 
into enterocytes by the heme carrier protein 1 
(HCP1) [59] and the divalent metal ion trans-
porter (DMT1, also involved in zinc absorption) 
[60]. Fe2+ is then transported by ferroprotein-1 at 
the basolateral membrane into blood where it 
binds to transferrin which acts as a vehicle for 
ferric ion delivery to various tissues such as the 
liver, spleen, and bone marrow.

 Vitamins

Fat-soluble vitamins (vitamin A, D, E, and K) are 
absorbed in a similar way to fat, namely in 
micelles formed by bile salts and then are incor-
porated into chylomicrons. SR-B1 is involved in 
vitamin E uptake, and NPC1L1 and ABCA1 
probably play a role in vitamin A absorption [10].

Water-soluble vitamin (except vitamin B12) 
are mostly absorbed by Na+-dependent mecha-
nisms [10]. Vitamin B12 is a relatively large mol-
ecule and is present in dietary protein, which is 
released after acid exposure in the stomach [61]. 
It then binds to R proteins secreted in saliva. In 
the duodenum, trypsin digests the R protein that 
forms with intrinsic factor secreted by the gastric 
parietal cells. The complex is resistant to trypsin 
and carries vitamin B12 to terminal ileum where 
it is absorbed via a receptor-mediated endocyto-
sis if pH is more than 5.6 and calcium ions are 
available [10].

 Summary of Important Points 
on Digestion and Absorption

• Digestion is the process of chemical and 
mechanical breakdown of food into absorb-
able components. Absorption is the movement 
of nutrient molecules from the GI lumen into 
enterocytes and then into bloodstream or 
lymph.

• There are three main classes of nutrients in 
food: carbohydrates, proteins, and fats. These 
are mostly digested (through hydrolysis) and 
absorbed in the small intestine.
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• The absorptive capacity of a normal small intes-
tine is thousands of grams of carbohydrates, 500 
gram of fat, 500–700 gram of proteins, and 
more than 20 liters of water each day.

• The colon (mostly the proximal half) is mainly 
involved in fluid and electrolyte absorption.

 GI Mucosal Barrier Function

Overview of GI Mucosal Barrier Function The 
alimentary tract, as one of the largest body sur-
faces exposed to the outside world, has an impor-
tant role in protecting against external 
environment through a tightly regulated intestinal 
barrier [8, 62, 63]. This is also where millions of 
microbes and environmental antigens come into 
close contact with the host immune system [64].

 Normal Function

The gastrointestinal system has a very complex 
task of selectively allowing the absorption of 
essential nutrients, while limiting the transport of 
potentially harmful antigens. This delicate balance 
plays an important role in maintaining intestinal 
integrity and immune homeostasis [65]. There are 
several mechanisms by which gut protects the 
body against potentially harmful pathogens.

The GI secretions including saliva, gastric 
acid, and pancreatic juice degrade bacteria and 
other pathogens in the lumen [64]. Almost the 
entire alimentary tract is covered with a con-
stantly supplied layer of alkaline mucus which 
provides a barrier between bacteria and the epi-
thelial cells. The most abundant mucous protein 
secreted by the goblet cells in the small and large 
intestine is mucin 2 (Muc2). The gene expression 
for Muc2 is critical in gastrointestinal tract bar-
rier function, as Muc2-knockout mice spontane-
ously develop colitis [66].

Furthermore, enterocytes in the small intestine 
also have an extra layer of glycocalyx on top of 
the mucous layer which is a matrix of mucopoly-
saccharides and glycoprotein which provides 
additional surface for absorption [8]. The colon 

also has two mucous layers: the outer layer har-
bors and allows colonization of crucial commen-
sal bacteria and the inner layer provides a sterile 
barrier [64]. The secretion of antimicrobial pro-
tein (AMPs) such as defensins by Paneth cells 
and secretory immunoglobulin A (IgA) adds 
another layer of defense against bacteria.

At the epithelial level, cells are tightly sealed 
by three types of junctional structures: (1) tight 
junctions, (2) adherent junctions, and (3) desmo-
somes. Starting from the apical side, tight suc-
tions consist of protein complexes formed by 
Claudius, occludin, and tricellulin. Actin fibers 
via zona occludens (ZO)-1 and ZO-2 strengthen 
these complexes [62]. Main function of these 
junctions is sealing of the paracellular space and 
regulating transportation. Many factors including 
intercellular signaling, cytokines, and post- 
translational modifications dynamically modu-
late the tight junction protein complexes to allow 
passage of essential molecules and restrict harm-
ful substances. This is referred to as the “leak 
pathway” [67]. An imbalance in these regulations 
leads to weak barrier integrity which is associ-
ated with various diseases. Underneath tight 
junctions lie adherent junctions which consist of 
protein complexes such as E-cadherin and caten-
ins which are also strengthened by actin cytoskel-
eton. Adherent junctions with desmosomes 
which are located on the basolateral aspect of 
cells form strong adhesive bonds which provides 
mechanical strength to the epithelial wall [8].

Finally, the innate and adaptive immune cells 
such as T cells, B cells, macrophages, and dendritic 
cells reside in the lamina propria which is under-
neath the mucosal layer, and this adds another layer 
of protection against pathogens [64, 68].

 Factors Affecting Barrier Function

Many factors are involved in dysfunction of the 
gut barrier [8]. Certain genetic predispositions 
make gut wall barrier more vulnerable to failure. 
Patients who carry a polymorphism in the cad-
herin- 1 gene (a part of adherent junctions) are 
more likely to develop post-infectious IBS [69]. 
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Patients with diarrhea-predominant IBS have 
lower level of glutamine synthase, which is cru-
cial in glutamine production, which is a major 
energy source for enterocytes [70]. Psychological 
stress, extreme temperatures, or pain results in 
the release of cytokines by mast cells which can 
increase the permeability of gut wall [71].

The role of a balanced diet for gut homeostasis 
and gut barrier integrity has become an increas-
ingly important area of research as food plays an 
important role as a modulator of GI functions 
including intestinal barrier function [72, 73].

Flavonoids are present in fruits, green and 
black tea, coffee, red wine, and chocolate [74]. 
Flavonoids are able to modulate gut microbiota 
and improve the gut barrier integrity [75]. The 
average intakes seem to be lower than recom-
mendations in most people.

The impact of high-sugar and high-fat diet 
commonly referred to as “Western diet” has been 
extensively studied on barrier function. In one 
study, feeding such diet to mice led to a decrease in 
mucous thickness and goblet cell expression, and 
an increase in gut permeability and inflammatory 
markers [76]. To make matters worse, common 
food additives such as carboxymethylcellulose 
and polysorbate-80, which are added to improve 
food taste, have been associated with similar effect 
on the mucosal function and resulted in colitis and 
metabolic syndrome in mice [77].

Heavy alcohol use has shown to increase 
intestinal permeability, mainly through its main 
metabolite, acetaldehyde. It activates the oxida-
tive stress pathways and disrupts tight and adher-
ent junctions [78]. Bacteria in the gut also play an 
important role in ethanol-induced injury as 
chronic alcohol use is associated with increase in 
gram-negative bacteria which interrupt normal 
microbiota and damage barrier function [79].

Non-steroidal-anti-inflammatory agents 
(NSAIDs) have demonstrated increased intesti-
nal permeability as a result of cyclooxygenase 
inhibition, as well as direct damage to the epithe-
lia [64, 80].

Psychological stress and its association with 
GI barrier function (gut-brain interaction) have 
been extensively studied [64]. In animal models, 

physical and psychological stress including 
noise, heat/cold, crowding, and maternal depriva-
tion has shown deterioration of the intestinal bar-
rier function [81]. This has been seen in human 
volunteers who showed concomitant increased 
small intestinal permeability and salivary cortisol 
after a public speech test [82].

Defects in the intestinal barrier have been 
implicated in a broad range of GI disorders 
including inflammatory bowel disease (IBD), 
celiac disease, colon cancer, and systemic dis-
eases such as diabetes type 1, obesity, depression 
and chronic liver disease [64].

In IBD patients (both Crohn’s disease and 
ulcerative colitis), alterations in intestinal perme-
ability due to changes in expression of tight junc-
tion and mucous layer leading to bacterial 
penetration have been observed [83]. 
Furthermore, abnormal immune response to 
microbiota in the intestine in patients with genetic 
predisposition and release of inflammatory mark-
ers seems to threaten the integrity of the epithelia 
[84]. This impairment has been seen in asymp-
tomatic Crohn’s patients as far as one year before 
clinical symptoms appear [85].

Celiac disease induces increased permeability 
and tight junction defects, which allows gliadin 
to leak into the lamina propria and provoke the 
immune system [86]. In addition, gluten fractions 
in food alter the gut barrier function that causes 
tight junction disintegration with ensuing inflam-
matory response [87].

In non-alcoholic fatty liver disease (NAFLD), 
intestinal permeability and tight junction disrup-
tion correlate with the severity of liver disease 
[88]. Higher bacterial translocation and endo-
toxin levels are seen in these patients [89].

 Microbiota

Overview of GI Microbiota The human colon 
hosts a large group of microorganisms [8]. Non- 
digestible meal residues serve as feeding sub-
strate for the microbiota. The human microbiome 
is formed by bacteria, archaea, viruses, and other 
microbes [90].
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 Microbiota in Health

Two large databases characterizing human micro-
biota are the European Metagenomics of the 
Human Intestinal Tract (MetaHIT) and the 
Human Microbiome Project (HMP). These data-
bases combined with 368 Chinese samples were 
converged into the most comprehensive database 
of 9.8 million unique gene sequences which is 
believed to contain nearly all the bacteria in most 
human guts [91]. Data analysis from HMP data-
base has identified the community types of these 
microbiota [92]. It seems like each individual has 
a relatively stable group of residing organism in 
their intestine. One study found that in adults not 
taking antibiotics, 70% of the fecal species 
remained stable over 1  year and some up to 
5 years [93]. Evidence of “shared” species within 
family members indicates that these species may 
be stably present perhaps more than decades if 
not for a lifetime [90].

The relationship between human host and 
these organisms is mutual. Human organism 
feeds and hosts these organisms, and in return, 
they play several crucial roles in our body includ-
ing modulation of the immune system (e.g., 
development of immune tolerance), development 
of central nervous system, regulation of meta-
bolic activity and growth, and regulation of 
digestive functions. Factors like prebiotics and 
probiotics modify the microbiome and facilitate 
intestinal transit. Microbiota are also involved in 
visceral sensitivity and pain perception [8]. 
Microbiota play a key role in normal digestive 
physiology. They can release short-chain fatty 
acids (SCFA) from indigestible fibers. These 
products are important nutrients for intestinal 
mucosa and are involved in modulating immune 
system and carcinogenesis [90].

 Microbiota in Diseases

In recent years, there has been an increasing 
interest in finding the link between microbiota 
and diseases. Alterations of this delicate micro-
bial balance by eating habits, medications, and 
other environmental factors have been seen in 
various conditions. It often is challenging to dis-

cern whether these alterations are the cause or the 
result of the disease [90].

Clostridium difficile infection (CDI) is a clas-
sic example of how alterations in microbiota con-
formation in the gut can lead to pathology. 
Different classes of antibiotics are associated 
with CDI.  There have been promising results 
when a “healthy” conformation of species is 
added to these patients (fecal microbial trans-
plant [FMT]). FMT in patients with recurrent 
CDI has shown significant superiority compared 
to treatment by oral vancomycin or vancomycin 
therapy followed by bowel lavage [94]. These 
patients had higher diversity of microbiota, 
higher population of Bacteroidetes, and lower 
number of Proteobacteria after FMT.

IBD is associated with changes in the micro-
biota [95]. Patients with Crohn’s disease have 
less diversity of their microbiota [90]. In one 
study, certain microbial classes were strongly 
associated with disease phenotype in ileal and 
rectal samples [96].

Microbiota plays a crucial role in GI motility 
and functional gastrointestinal disorders (FGID) 
[97]. This effect is mediated by short chain fatty 
acids (SCFA) produced by these organisms as dis-
cussed earlier, modulation of GI hormone secre-
tions, and inflammatory signaling by immune 
responses to microbiota. The receptors for SCFA 
and GI hormones are present in the neural, endo-
crine, and immune cells. It has been suggested that 
normalization of the gastric microbiota by probiot-
ics may be an effective treatment in FGID [98].

The microbiota have been implicated in irritable 
bowel syndrome (IBS). Diets low in fermentable 
oligosaccharides, disaccharide, monosaccharides, 
and polyols (FODMAPs) have shown improvement 
of symptoms in patients with IBS by altering gut 
microbiota [99]. Furthermore, FMT, which is used 
in recurrent CDI, has shown promising results in 
IBS in some studies [100, 101].

 Summary of Important Points on GI 
Microbiota

• The GI tract, as one of the largest body sur-
faces exposed to the outside world, plays an 
important role in protecting against external 
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threats through a tightly regulated intestinal 
barrier, where millions of microbes and envi-
ronmental antigens come into close contact 
with the host immune system.

• This system maintains a delicate balance of 
selectively allowing the absorption of essen-
tial nutrients, while limiting the transport of 
potentially harmful antigens via epithelial 
junctions (tight junction, adherent junction, 
and desmosomes).

• There are additional layers of protection 
which include mucous, saliva, gastric acid, 
and pancreatic secretions which neutralize 
bacteria and other pathogens.

• Factors that can damage the gut barrier include 
genetic predispositions, Western diet, alcohol 
use, stress, and certain medications including 
NSAIDS.

• Impairment of this barrier has been associated 
with many disorders including IBD, celiac 
disease, colon cancer, chronic liver disease, 
type 1 diabetes, obesity, and depression.

• Microbiota refers to the large group of micro-
organisms which reside in the GI tract. There 
have been remarkable advances in recogniz-
ing the role of these organisms and their inter-
action with the host (human body) in normal 
development, immune modulation, and meta-
bolic activities. Certain diseases including C. 
difficile infection can occur as a result of dis-
turbance of this delicate balance.

 Conclusion

The GI tract plays important role in body homeo-
stasis including regulating the transit of ingested 
food down the GI tract for efficient digestion and 
absorption of essential nutrients. The enteric ner-
vous system, such as the “gut brain,” plays an 
important role in generating and harmonizing 
these activities both directly and through a num-
ber of enteric reflexes. Furthermore, the intestinal 
tract has vast number of endocrine (and para-
crine) activities which regulate bodily functions 
inside and outside the GI tract. Ingested food 
goes through series of steps including mastica-
tion (oral cavity), deglutition (pharynx and 
esophagus), mixing and digestion (stomach), fur-

ther digestion and absorption (intestines), and 
finally storage and defecation (colon). Each 
organ has a unique structure, movement pattern, 
and secretion well suited to its task. The gut wall 
is a crucial barrier against external pathogens 
while maintaining a healthy and essential interac-
tion with the millions of microorganism that 
reside inside the gut (microbiota).
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and Nutritional Deficiencies
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 Introduction

Both macronutrients and micronutrients are 
essential for human health and nutrition. 
Macronutrients, such as carbohydrates, proteins, 
and fats, provide foundational energy to meet 
basic requirements of the body. Micronutrients, 
like vitamins and trace metals, are additional 
important components of metabolic processes 
and overall health, presenting with standard 
symptoms in times of deficiency (Table 2.1). This 
chapter will examine the basic structure and 
function of each type of nutrient, the recom-
mended daily intake amounts as set forth by the 
US Food and Nutrition Board, and the causes and 
symptoms of specific nutrient deficiencies, 
including how they relate to the gastrointestinal 
tract.

 Macronutrients

 Carbohydrates

Carbohydrates, in their most basic form, can be 
identified by the formula Cx(H2O)y, which 
describes the ratio between carbon, hydrogen, 
and oxygen in the compound [1]. Carbohydrates 
are formed from the transition of solar energy 
into chemical energy [2]. This chemical energy is 
then processed through glycolysis and respira-
tion, yielding ATP, which stores energy in an eas-
ily accessible form for host use [2]. Carbohydrates 
are among the most common naturally occurring 
compounds and serve a wide variety of functions, 
both in the human body and in the diet. Some of 
these roles include providing energy, assisting 
with intercellular communication, and providing 
structure to cells and tissue [1].

Carbohydrates occur in countless different 
forms and can be derived from other compounds 
through oxidation/reduction or dehydration reac-
tions [1]. This yields several notable forms, 
including monosaccharides (i.e., glucose, fruc-
tose, galactose), which cannot be further hydro-
lyzed, and disaccharides (i.e., sucrose, lactose, 
maltose), which are composed of two monosac-
charide residues [3]. Oligosaccharides (i.e., 
maltodextrins, inulin) are characterized typically 
by three to nine monosaccharide polymers, 
whereas polysaccharides (i.e., amylose and other 
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starches, cellulose, glucomannans) are typically 
characterized by greater than ten [3].

Carbohydrates serve a crucial role in clinical 
nutrition. They can be separated into two main 
classes: those that are readily available for metab-
olism, such as glucose or starch, and those that 
must be metabolized before they can be utilized, 
such as cellulose and other types of fibers [1, 4]. 
Generally, carbohydrates are digested in the 
small intestine and fermented in the large intes-
tine [5]. Because of the complex structure of 
some carbohydrates, there remains a difference 
in the net metabolizable energy that could be 
made available for energy [5]. The differences in 
carbohydrate digestion do not, however, alter the 
recommended dietary allowance (RDA) set forth 
by the Food and Nutrition Board, which recom-
mends 130 grams of carbohydrates per day for 
healthy adults [6]. Thus, the Acceptable 
Macronutrient Distribution Range (AMDR) for 
carbohydrates should be 45–65% of the total 
energy consumed [6].

 Proteins

Proteins are macronutrients that are composed of 
amino acids, of which there are twenty [7–9]. Of 
the twenty amino acids, twelve are produced in 
the body, whereas the other eight must be 
obtained through the diet (which are termed 
essential) [9]. When paired together by peptide 

bonds, these amino acids form different proteins 
containing a hydrocarbon backbone and nitroge-
nous residues [7, 8]. Ultimately, protein mole-
cules are digested by specific enzymes secreted 
by glands in the oral cavity (salivary amylase) 
and pancreas (pancreatic amylase), which con-
verts them to single peptide and dipeptides that 
can absorbed in the small intestine and incorpo-
rated into DNA, enzymes, or energy-providing 
structures for proper growth and development 
[7, 8].

Proteins can be obtained through the diet from 
both animal and plant sources. Animal proteins 
contain all essential amino acids and may provide 
more health benefits, especially in certain groups 
like pregnant patients and the elderly [8]. Animal 
proteins, however, are also associated with 
increased risk of cardiovascular disease and 
osteoporosis when consumed in excess [8, 10]. 
Plant proteins, in contrast, must be consumed in 
large amounts and varieties to ensure that all 
essential amino acids are consumed, but provide 
enhanced health benefits including decreased 
cardiovascular risk and enhanced bone density 
[8].

Overall, the RDA for proteins is 0.8 gram/
kilogram of body weight/day in a healthy adult 
[11]. Consumption of less than this recommended 
amount can increase the risk for protein defi-
ciency syndromes such as marasmus and kwashi-
orkor. Marasmus is classified as a total calorie 
deficit due to food insecurity, HIV infection, mal-

Table 2.1 Summary of micronutrients and associated deficiencies

Micronutrient Risk of deficiency Deficiency symptoms
Fat-soluble 
vitamins

Vitamin A Resource-poor settings
Infants
Cystic fibrosis patients

Xeropthalmia
Low-light blindness
Impaired immunity

Vitamin D Breastfed infants
The elderly
People with dark skin
Malabsorptive disorders

Rickets, failure to thrive, cardiomyopathy in 
children
Osteomalacia, osteoporosis, multiple 
sclerosis, cardiovascular disease in adults

Vitamin E Malabsorptive disorders Impaired immunity/increased infection risk
Neuropathy
Myopathy
Retinopathy

Vitamin K Infants
Patients on anticoagulants
Malabsorptive disorders

Hemorrhage in severe cases
Osteoporosis
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Table 2.1 (continued)

Micronutrient Risk of deficiency Deficiency symptoms
Water-soluble 
vitamins

Vitamin C Smokers
Infants
Individuals with restrictive diets

Fatigue
Malaise
Gingivitis
Poor wound healing
Hyperkeratosis
Petechiae
Corkscrew hair

Vitamin B1 Alcoholism
Elderly
HIV/AIDS patients
Diabetics

Beriberi: peripheral neuropathy, congestive 
heart failure, death
Wernicke encephalopathy: nystagmus, ataxia, 
confusion
Korsakoff syndrome: amnesia, confabulation, 
disorientation

Vitamin B2 Vegans
Pregnant women
Infants
IBD patients
Alcoholism

Skin disorders
Hyperemia
Angular stomatitis
Cheilosis
Hair loss
Degeneration of the liver and nervous system

Vitamin B3 Limited diets
Alcoholism
HIV/AIDS patients
IBD
Carcinoid syndrome
Hartnup disease

Pellagra: dermatitis, diarrhea, dementia
Depression
Hallucination
Memory loss
Psychosis

Vitamin B5 Pantothenate kinase-associated 
neurodegeneration (PKAN)

Peripheral neuropathy
Irritability
Fatigue
Anorexia

Vitamin B6 Alcoholism
Malabsorption disorders
Homocystinuria
Medications

Microcytic anemia
Cheilosis
Glossitis
Depression
Peripheral neuropathy
Suppressed immunity

Vitamin B7 Biotinidase deficiency
Alcoholism

Thin hair
Conjunctivitis
Dermatitis
Metabolic acidosis
Depression
Paresthesia

Vitamin B12 Pernicious anemia
Malabsorptive disorders
Bariatric surgery
Vegan diet

Peripheral neuropathy
Paresthesia
Depression
Dementia
Psychosis
Ataxia
Macrocytic anemia

Folate Alcoholism
Pregnancy
Malabsorptive disorders
Medications

Macrocytic anemia
Depression
Dementia
Fatigue
Stomatitis

(continued)
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absorption, or anorexia of any etiology [12–14]. 
Marasmus is characterized by failure to thrive, 
dehydration and weight loss, hypotension, brady-
cardia, and signs and symptoms of other nutrient 
deficiencies [12, 15, 16]. Kwashiorkor, in con-
trast, is specifically caused by protein deficiency. 
Kwashiorkor is similar to marasmus in terms of 
causes and symptoms, with the added findings of 
edema, thin and hyperpigmented skin, hepato-
megaly, dermatitis, and muscle wasting due to 
inadequate protein provision [16, 17].

 Fats

Fats in the diet are usually found in the form of 
triglycerides, which consist of three fatty acids 
attached to a glycerol moiety [11, 18]. Fatty acids 
can be obtained both through the diet and endog-
enously through metabolic processes, although 

the amount acquired via these mechanisms is 
dependent on what is consumed and varies with 
age and geography [18]. Two fatty acids in par-
ticular, linoleic acid (n-6) and alpha-linolenic 
acid (n-3), must be obtained through the diet and 
are considered essential [19]. The main roles of 
fatty acids are to provide structure to cell mem-
branes, provide energy to most tissues, and assist 
in cellular signaling [18].

Fatty acids can differ in their structure, which 
affects their utilization in the body. In general, 
fatty acids are typically 6–24 carbon units long 
and can vary in the number of double bonds they 
have [11, 18]. Saturated fatty acids contain no dou-
ble bonds, are usually solid at room temperature 
(i.e., butter), and should be limited in the diet 
according to the Food and Nutrition Board [6, 11, 
18, 20]. In contrast, monounsaturated fats have 
one double bond, whereas polyunsaturated fats 
have two or more [11]. These can be further bro-

Table 2.1 (continued)

Micronutrient Risk of deficiency Deficiency symptoms
Trace metals Zinc Malabsorptive disorders

Pregnancy
Sickle cell disease
Diabetics
Acrodermatitis enteropathica

Growth restriction
Diarrhea
Appetite suppression
Impaired immunity
Hair loss
Hypogonadism

Chromium Deficiency syndrome not well 
defined

Hyperglycemia
Peripheral neuropathy
Weight loss

Selenium Insufficient intake
Dialysis
HIV/AIDS patients

Impaired immunity and cognition
Keshan disease

Iodine Pregnancy
Vegan diet
Low soil iodine or iodized salt 
intake

Growth restriction and cretinism in children
Hypothyroidism in adults

Copper Celiac disease
High zinc or protein intake
Menke disease

Anemia
Skin/hair hypopigmentation
Osteoporosis
Impaired immunity
Hyperlipidemia

Iron Pregnancy
Infants
Women of reproductive age
Cancer patients
Chronic kidney disease
Malabsorptive disorders
Hookworm infections

Anemia
Fatigue
Decreased concentration
Pica
Restless leg syndrome
Impaired immunity
Plummer-Vinson syndrome
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ken down based on whether the double bonds are 
on the same side (cis configuration) or on opposite 
sides (trans configuration) [11]. Cis- 
monounsaturated fats, specifically oleic acid, are 
found in a wide variety of foods and there is no 
guideline for ideal consumption amounts [6, 18, 
20]. Cis-polyunsaturated fats, including linoleic 
acid, are found in nuts, seeds, and oils, and are 
necessary in the diet to achieve health effects, such 
as lowering LDL and total cholesterol [6, 18, 20]. 
Trans fats are typically found in hydrogenated oils, 
like vegetable oil, and increase the risk of hyper-
lipidemia and cardiovascular disease, leading to 
national guidelines recommending against con-
sumption of trans fats in any amount [18, 20].

The Food and Nutrition Board recommends 
that healthy adults consume 20–35% of their 
daily calories from fat sources, which typically 
results in the intake of 44 g to 77 g of fat per day 
[6]. Fat deficiency is rare in people who maintain 
these recommended amounts of daily fat, which 
usually signals an issue with metabolism and/or 
absorption. Essential fatty acid deficiency 
(EFAD) occurs in these specific patient popula-
tions, including patients with malabsorptive dis-
orders, such as inflammatory bowel disease 
(IBD), celiac disease, and cystic fibrosis, those 
with a history of GI surgery or receiving paren-
teral nutrition, and patients with severe restric-
tion of fat in the diet [21–23]. Patients with EFAD 
of any etiology usually present with rash, hair 
loss, impaired wound healing and immunity, 
increased infection risk, and growth restriction, 
as well as elevated liver function tests and throm-
bocytopenia [21, 24, 25].

 Micronutrients

 Fat-Soluble Vitamins

Fat-soluble vitamins, including vitamins A, D, E, 
and K, require the presence of fats to be absorbed. 
Hollander et al. described in depth the absorption 
of fat-soluble vitamins, initially finding that vita-
min D and E are absorbed by passive diffusion, 
whereas vitamins A and K are absorbed by 

energy- and carrier-mediated transport [26–29]. 
However, more recent studies have suggested 
that both processes likely occur, with passive dif-
fusion at high concentrations and carrier- 
mediated transport at dietary concentrations [30]. 
Regardless of the method of absorption, fat- 
soluble vitamins serve a wide variety of functions 
and are associated with classic deficiencies and 
even immune system regulation [31–33].

 Vitamin A
Vitamin A is typically found in foods that come 
from animal sources, such as dairy and eggs, as 
well as in green, leafy vegetables and some fruits 
[34]. According to the Food and Nutrition Board, 
the RDA for vitamin A is 700–900 μg per day [6, 
35]. Vitamin A deficiency is more common in 
resource-poor settings due to low vitamin A 
intake [36]. Typical symptoms of deficiency 
range include xeropthalmia, low-light (night) 
blindness, and increased susceptibility to infec-
tion [33, 36, 37].

 Vitamin D
Vitamin D occurs in two forms, vitamin D2 (ergo-
calciferol) and vitamin D3 (cholecalciferol) [34]. 
Ergocalciferol is generally obtained from plant 
sources, whereas cholecalciferol is activated by 
direct UV radiation on the skin [34]. After inges-
tion, ergocalciferol and cholecalciferol undergo 
further activation in the body through hydroxyl-
ation in the liver to form 25-hydroxyvitamin D, 
and then additional hydroxylation in the kidney 
to the active form, 1,25-dihydroxyvitamin D 
[33]. This active form of vitamin D then facili-
tates calcium absorption and promotes calcium 
and phosphate homeostasis [38]. The RDA for 
vitamin D is 15–20 μg per day [6, 35]. Typically, 
groups at risk of vitamin D deficiency include 
breastfed infants, the elderly, people with 
decreased sun exposure or dark skin, and people 
with malabsorptive disorders [38]. Vitamin D 
deficiency is typically characterized by rickets, 
cardiomyopathy, and failure to thrive in children, 
as well as osteolmalacia, osteoporosis, cancers, 
multiple sclerosis, and cardiovascular disease in 
adults [38–45].
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 Vitamin E
Vitamin E is typically obtained through plant 
sources, and bioavailability is modulated by the 
presence of tocopherols and tocotrienols, two 
groups of vitamin E [33, 34]. Vitamin E is an 
important antioxidant in the body and is protec-
tive against aging and red blood cell destruction 
through neutralization of reactive oxygen species 
[33]. It is also anti-inflammatory and has been 
linked with reduction in incidence of cardiovascu-
lar disease, arthritis, and neurologic disorders [33, 
46–51]. The RDA for vitamin E is 15 mg per day 
[6, 35]. Deficiency usually occurs in the setting 
malabsorption and is rare in healthy adults due to 
the high prevalence in the diet [33, 52]. Symptoms 
of vitamin E deficiency include increased risk of 
infection and impaired immunity, neuropathy, 
myopathy, and retinopathy [6, 53, 54].

 Vitamin K
Vitamin K is obtained both through diet and intrin-
sically through metabolism via gut bacteria. 
Vitamin K includes two forms: vitamin K1 (phyl-
loquinone), which is obtained through green, leafy 
vegetables, and vitamin K2 (menaquinones), which 
is produced by gut flora [34, 55]. The main role of 
vitamin K is the production of clotting factors to 
promote coagulation [34]. The RDA for vitamin K 
is 90–120 μg per day [6, 35]. Vitamin K deficiency 
typically occurs in infancy due to low bacterial 
colonization in the gut as well as in adults due to 
inadequate dietary intake [56]. People who take 
specific anticoagulants, such as warfarin, and those 
with malabsorptive disorders are also at risk of 
deficiency [55]. Vitamin K deficiency is character-
ized by increased propensity to bleeding as well as 
osteoporosis [55–57].

 Water-Soluble Vitamins

Water-soluble vitamins include vitamin C and all 
of the B vitamins: vitamin B1 (thiamin), vitamin 
B2 (riboflavin), vitamin B3 (niacin), vitamin B5 
(pantothenic acid), vitamin B6 (pyridoxine), vita-
min B7 (biotin), vitamin B9 (folate), and vitamin 
B12 (cyanocobalamin) [58]. Water-soluble vita-
mins are not synthesized in the body, so they 

must be obtained through diet or other external 
sources [59]. Absorption of water-soluble vita-
mins occurs in both the small and large intestines 
by carrier-mediated processes (with the excep-
tion of vitamin B12, which is only absorbed in the 
terminal ileum), and this can be interrupted in 
certain malabsorptive conditions or with drug 
interactions that lead to characteristic deficien-
cies [59].

 Vitamin C
Vitamin C, also known as ascorbic acid, is 
obtained from citrus fruits and some vegetables 
[58]. It is necessary for the synthesis of certain 
proteins, including collagen and carnitine, which 
support connective tissue responsible for wound 
healing [59, 60]. The RDA for vitamin C is 
75–90 mg per day [6, 35]. Generally, people at 
risk of deficiency include smokers, infants, and 
individuals with poor diet [6, 60–63]. Vitamin C 
deficiency is characterized classically by scurvy, 
which can result in fatigue, malaise, and gingivi-
tis, as well as poor wound healing, hyperkerato-
sis, petechiae, and corkscrew hair. Bleeding can 
also lead to iron deficiency [6, 61–65].

 Thiamin
Vitamin B1, also known as thiamin, is obtained 
both from the diet and from colonic bacteria [59]. 
It functions mainly as a cofactor in metabolic 
reactions, such as gluconeogenesis and the citric 
acid cycle [58, 59, 66]. The RDA for thiamin is 
1.1–1.2 mg per day [6, 35]. People at risk of thia-
min deficiency include people with alcohol use 
disorder, the elderly, people with HIV/AIDS, and 
diabetics [67–72]. Thiamin deficiency can be 
characterized in stages, with early symptoms 
including weight loss, confusion, memory loss, 
muscle weakness, and cardiomyopathy [66]. 
Worldwide, thiamin deficiency is usually the 
result of low dietary intake and can result in beri-
beri, with symptoms ranging from peripheral 
neuropathy to congestive heart failure and death 
[4, 66–68]. In the United States, deficiency is 
more commonly related to alcohol abuse or mal-
absorption, with Wernicke-Korsakoff syndrome 
being the most common manifestation [66, 68]. 
Wernicke encephalopathy is associated with the 
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triad of nystagmus, ataxia, and confusion [73]. 
This can progress to Korsakoff syndrome, which 
includes amnesia, confabulation, and disorienta-
tion and is often irreversible [74].

 Riboflavin
Vitamin B2, also known as riboflavin, is present 
in milk, leafy green vegetables, and liver, to name 
a few [58]. Riboflavin is usually present in coen-
zyme forms such as flavin mononucleotide 
(FMN) and flavin adenine dinucleotide (FAD) 
that assist in cellular respiration and metabolism 
[58, 59, 75]. It also assists with the conversion of 
other vitamins into their respective coenzymes 
[58, 75]. The RDA for riboflavin is 1.1–1.3 mg 
per day [6, 35]. Vegans, pregnant women and 
infants, IBD patients, and patients with alcohol 
use disorder are at risk for riboflavin deficiency 
[4, 59, 76]. Riboflavin deficiency is very rare in 
the developed world in healthy individuals, but 
can result in skin disorder, hyperemia, angular 
stomatitis, cheilosis, hair loss, and degeneration 
of the liver and nervous system [4, 59, 67, 75].

 Niacin
Vitamin B3, also known as niacin, includes nico-
tinic acid and nicotinamide and is obtained 
through both endogenous and exogenous sources 
such as tryptophan and animal-based foods, 
respectively [58, 59, 77]. Niacin is converted into 
nicotinamide adenine dinucleotide (NAD) and 
nicotinamide adenine dinucleotide phosphate 
(NADP), both of which function as crucial com-
ponents in the metabolism and formation of ATP 
[59, 77]. The RDA for niacin is 14–16 mg per day 
[6, 35]. Patients with limited diets, alcoholism, 
AIDS, IBD, carcinoid syndrome, and Hartnup 
disease are at risk of deficiency either due to 
decreased intake, decreased absorption of trypto-
phan (i.e., Hartnup disease), or shunting of tryp-
tophan into serotonin production in carcinoid 
syndrome [6, 77–80]. Niacin deficiency leads to 
pellagra, which is associated with the 3 D’s: 
 dermatitis, diarrhea, and dementia [81]. The neu-
rologic symptoms typically involve depression, 
hallucination, memory loss, and psychosis [81]. 
Ultimately, if unresolved, it can progress and lead 
to death [81].

 Pantothenic Acid
Vitamin B5, also known as pantothenic acid, is a 
water-soluble vitamin that supports the produc-
tion of coenzyme A (CoA) and acyl carrier pro-
teins, both of which are notably used in fatty acid 
synthesis and other metabolic processes [59, 82]. 
Pantothenic acid is acquired through both animal 
and plant sources [4, 82]. The RDA for vitamin 
B5 is 5 mg per day [6, 35]. Deficiency is rare and 
typically occurs in patients with pantothenate 
kinase-associated neurodegeneration (PKAN), a 
rare genetic disorder that leads to low CoA levels 
[83]. Pantothenic acid deficiency is associated 
with neurologic symptoms, such as peripheral 
neuropathy, irritability, fatigue, and anorexia [4, 
68, 82].

 Pyridoxine
Vitamin B6, also known as pyridoxine and its 
other active forms of pyridoxal and pyridox-
amine, is obtained through meats, potatoes, and 
vegetables [6, 58, 59, 84]. Vitamin B6 and its 
derivatives function in amino acid synthesis, 
hemoglobin synthesis, and other metabolic pro-
cesses [4, 59, 84]. The RDA for vitamin B6 is 
1.3–1.7 mg per day [6, 35]. Vitamin B6 deficiency 
is commonly associated with alcohol use disor-
der, malabsorption disorders like celiac disease, 
homocystinuria, and in patients on certain long- 
term medications, such as the tuberculosis medi-
cation isoniazid [59, 84]. Symptoms of vitamin 
B6 deficiency can range widely, but often includes 
microcytic or sideroblastic anemia, cheilosis, 
glossitis, depression, peripheral neuropathy, and 
suppressed immunity [6, 68, 84].

 Biotin
Vitamin B7, also known as biotin, is a water- 
soluble vitamin that is obtained endogenously 
and through foods such as meats, egg, nuts, and 
vegetables [59, 85]. Biotin can be tightly bound 
to proteins (i.e., avidin, a protein found in egg 
whites), and requires intestinal enzymatic break-
down before absorption is possible [4, 6, 68]. 
Biotin is a cofactor for five carboxylases that play 
a role in several metabolic reactions, such as glu-
coneogenesis and fatty acid synthesis [4, 59, 68, 
85]. The RDA for biotin is 30 μg per day [6, 35]. 
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Deficiency is rare, typically occurring in those 
with biotinidase deficiency and alcohol use disor-
der [86–88]. Symptoms of biotin deficiency 
include thin hair, conjunctivitis, skin rash and 
infection, metabolic acidosis, and neurologic 
manifestations such as depression and paresthe-
sias [4, 68].

 Folate
Vitamin B9, more commonly known as folate, is 
typically acquired through the diet and can be 
found in leafy green vegetables like spinach as 
well as nuts, beans, fruits, eggs, and meat prod-
ucts [4, 89]. Folate serves many functions, includ-
ing single-carbon transfers in metabolic processes 
such as amino acid and DNA synthesis, as well as 
in the formation of methionine from homocyste-
ine [4, 58, 59, 89]. The RDA for folate is 400 μg 
per day, which is often increased to 600 μg per 
day in pregnancy [6, 35]. Deficiency of folate is 
most notably found in patients with alcohol use 
disorder, pregnant women, people with malab-
sorptive disorders, and patients taking certain 
medications that interfere with folate absorption 
and metabolism, such as trimethoprim and pyri-
methamine [4, 59, 68, 90, 91]. Deficiency is char-
acterized by macrocytic anemia, depression, 
dementia, fatigue, stomatitis, and cardiovascular 
disease [4, 68, 89, 92].

 Cyanocobalamin
Vitamin B12, also known as cyanocobalamin, is 
obtained through meats, milk and other dairy 
products, and eggs [58, 93]. Vitamin B12 serves as 
a cofactor for methionine synthase and 
methylmalonyl- CoA mutase and functions in a 
wide array of metabolic processes, specifically 
the conversion of homocysteine to methionine, 
and in DNA and erythrocyte synthesis [6, 58, 93]. 
The RDA for vitamin B12 is 2.4 μg per day [6, 
35]. There are many well-documented causes of 
vitamin B12 deficiency, including pernicious 
 anemia, malabsorptive disorders such as celiac 
disease and IBD, individuals with a history of 
bariatric surgery, and veganism due to its unique 
metabolism [6, 93–96]. Vitamin B12 deficiency is 

associated with a classic constellation of symp-
toms such as peripheral neuropathy, paresthesia, 
depression, dementia, psychosis, ataxia, megalo-
blastic anemia, and potentially cardiovascular 
disease [97].

 Trace Metals

Many trace metals are considered essential and 
must be obtained through the diet for necessary 
biologic functions. This section will discuss six 
of the trace metals that are most clinically rele-
vant and can be associated with classic deficiency 
syndromes, including zinc, copper, chromium, 
selenium, iodine, and iron.

 Zinc
Zinc is obtained primarily through meat prod-
ucts, but it is largely ubiquitous in nature [6, 
98]. Zinc is used to stabilize enzymatic reac-
tions and cellular structures and helps with 
gene expression and metabolism [99, 100]. The 
RDA for zinc is 8–11  mg per day [6, 35]. 
Individuals with malabsorptive disorders, preg-
nant women, sickle cell patients, diabetics, and 
those with acrodermatitis enteropathica are at 
risk of zinc deficiency [98, 99, 101, 102]. Zinc 
deficiency typically manifests as growth restric-
tion, diarrhea, dermatitis, appetite suppression, 
weakened immunity, hair loss, and hypogonad-
ism [98–102].

 Copper
Copper is an essential trace metal found in sea-
food, nuts, meats, and fruits [4, 99–101, 103]. It 
is involved in redox reactions and is incorpo-
rated into many enzymes in the body [99–101]. 
The RDA for copper is 900 μg per day [6, 35]. 
People at risk of copper deficiency include those 
with celiac disease, individuals with high zinc 
or protein consumption (due to altered absorp-
tion/competing cofactors), or patients with 
Menkes disease, a genetic condition affecting 
the ATP7A gene, leading to decreased copper 
absorption [99, 103, 104]. Patients with copper 
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deficiency present with anemia, skin and hair 
hypopigmentation, osteoporosis and increased 
fracture risk, impaired immunity, and hyperlip-
idemia [100, 101, 103, 105].

 Chromium
Chromium is commonly found in meat products, 
grains, spices, and nuts [4, 100, 101, 106]. 
Chromium is thought to augment the actions of 
insulin, although the mechanism of action remains 
unclear [99, 100]. The RDA for chromium is 
20–35 μg per day. While no definitive chromium 
deficiency syndrome has been well defined, it has 
been speculated that symptoms can include hyper-
glycemia, peripheral neuropathy, and weight loss 
[100, 106–109]. These symptoms were observed 
in patients on total parenteral nutrition (TPN), 
with subsequent improvement with chromium 
supplementation [100, 106–109].

 Selenium
Selenium is found in seafood, liver, cereals, and 
dairy products [68, 100, 110]. Selenium serves as 
a part of glutathione peroxidase, an antioxidant 
enzyme, to assist with immunity, normal thyroid 
homeostasis, and reproduction [4, 99, 100, 110]. 
The RDA for selenium is 55 μg per day. Selenium 
deficiency occurs in those with insufficient 
intake, patients on dialysis, and HIV patients 
[110–113]. Deficiency is characterized by 
impaired immunity and cognition, as well as a 
risk of developing Keshan disease, a form of car-
diomyopathy that is responsive to selenium sup-
plementation [110, 111, 114].

 Iodine
Iodine is an essential trace metal found in soil 
and a wide variety of foods, including seafood 
and seaweed, eggs, and some dairy products [6, 
100, 115, 116]. The main function of iodine is its 
role in the synthesis of the thyroid hormones, tri-
iodothyronine (T3) and thyroxine (T4) [99–101, 
116]. The RDA for iodine is 150 μg per day [6, 
35]. People who live in areas with low soil iodine 
concentrations, pregnant women, vegans, and 

those who avoid iodized salt are at risk of 
 deficiency [6, 115, 116]. Iodine deficiency in 
pregnancy can result in growth restriction and 
cretinism, which can result in global develop-
mental delay, motor spasticity, and other neuro-
logic symptoms [115–117]. In adults, iodine 
deficiency can result in goiter and signs and 
symptoms of hypothyroidism, including depres-
sion, fatigue, constipation, and weight gain [100, 
101, 115, 116].

 Iron
Iron is an important trace metal obtained through 
foods such as meat, seafood, nuts, vegetables, and 
grains [68, 118, 119]. Iron serves as an important 
part of hemoglobin to carry oxygen throughout the 
body [4, 119]. It also functions as a component of 
myoglobin and in redox reactions in human metab-
olism [120]. The RDA for iron is 8–18 mg per day 
[6, 35]. Pregnant women, infants, women of repro-
ductive age, cancer patients, chronic kidney disease 
patients, those with malabsorption disorders, and 
those with hookworm infections in the developing 
world are just some groups that are at risk of iron 
deficiency [68, 120–124]. Iron deficiency is com-
mon and leads to anemia, which can be associated 
with fatigue, decreased concentration, pica, restless 
leg syndrome, impaired immunity, and Plummer- 
Vinson syndrome. It may also be asymptomatic and 
diagnosed on routine lab testing [119, 125, 126].

 Conclusion

Macronutrients and micronutrients form the 
foundation of dietary composition and are equally 
important in terms of nutritional and overall 
health. Certain populations may be at higher risk 
of deficiencies in these nutrients, especially in 
those with disorders of the gastrointestinal tract 
(Table  2.2). A balanced diet that incorporates 
standard RDA values for specific nutrients, with 
supplementation as needed in states of disease, 
can prevent complications and decline in health 
over time.
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Jeanette N. Keith

 Introduction

You have been consulted to manage a prevalent 
condition in your hospital and outpatient clinic, 
called Disease X. This disease potentially affects 
one of every two patients over 60 years of age in 
your practice. It is associated with a lower quality 
of life, increased morbidity as well as mortality, 
decreased overall survival, and significant health 
costs of more than 15 billion dollars annually in 
the United States [1]. This disorder negatively 
impacts the health outcomes of any chronic dis-
ease state when present, including gastrointesti-
nal diseases. The affected patients have higher 
infection rates, increased muscle loss, impaired 
wound healing, and longer lengths of stay in the 
hospital [2].

Though long recognized in medicine, the clin-
ical impact of Disease X relative to healthcare 
costs and hospital outcomes was first reported by 
Dr. Charles E. Butterworth in 1974 who termed 
this condition the “skeleton in the closet” [3]. At 
the time of Dr. Butterworth’s initial report, 
Disease X was found to affect over 50% of hospi-
talized patients on both the medical and surgical 
wards but was under-recognized and undertreated 

[4, 5]. Despite its recognition as a major clinical 
entity over 40 years ago and the development of 
known effective treatment, Disease X continues 
to affect both pediatric and adult patient popula-
tions. Consequences can be particularly severe 
for older adults. In 2015, up to 50% of ambula-
tory senior adults in Ohio presenting to an outpa-
tient clinic were found to have Disease X [6]. In 
a 2017 report, Disease X was present in 50% of 
adults over age 60  years at hospital admission 
[7]. Of concern, two of three unaffected patients 
at admission developed Disease X during their 
hospital stay, when unmonitored [8].

Disease X occurs in normal weight, under-
weight, and overweight or obese patients [9]. 
Importantly, Disease X can occur in relatively 
weight-stable patients. In one Italian study, 
more than 80% of obese adults over age 
60  years who reported no significant weight 
loss (i.e., < 10% in the 3–6  months prior to 
evaluation) were negatively impacted by 
Disease X [10]. In a pivotal 2018 report by Dr. 
Silver et al. at Vanderbilt University, 30–50% of 
inpatients were found to have Disease X but 
only 11% of healthcare providers correctly doc-
umented the presence of this condition in the 
electronic medical record [11]. What is this 
clinical condition that impacts both inpatients 
and outpatients, regardless of specialty? 
Disease X is “disease-related malnutrition” 
(DRM). DRM is specifically defined as “under-
nutrition as a result of a disease process” [12].
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In your practice, how do you identify at-risk 
populations? How do you screen for this 
disorder?

Because this condition is preventable with early 
detection and, in most cases, responds well to treat-
ment, it is imperative that clinicians recognize the 
risk factors for this disorder and screen all patients 
for this prevalent condition. In the clinical setting, 
we easily recognize starvation- related malnutrition 
and acute disease or injury- related malnutrition. 
However, too few healthcare providers understand, 
recognize, screen for, and treat chronic DRM, 
especially in the setting of obesity.

This chapter will define DRM, describe the 
concept of “anabolic competence,” review the 
risk factors for DRM in adults, identify high risk 
populations, and discuss the important role of 
bedside nutrition assessment in clinical practice.

 Defining the Problem

According to the World Health Organization 
(WHO), there are different types of malnutrition 
(i.e., inadequate consumption of nutrients). 
These include (1) undernutrition or total calorie 
deficit (e.g., wasting, stunting, underweight, and 
deficiencies in vitamins/minerals), (2) 
micronutrient- related malnutrition, (3) over-
weight (including obesity) with excess total 
calories but inadequate nutrients, and (4) diet-
related noncommunicable diseases such as dia-
betes and lipid disorders [13]. The European 
Society of Parenteral and Enteral Nutrition 
(ESPEN) distinguishes cachexia and sarcopenia 
from “malnutrition” [14]. Cachexia is defined as 
a “multifactorial syndrome characterized by 
severe body weight, fat and muscle loss and 
increased catabolism due to underlying dis-
ease.” Sarcopenia is the “loss of muscle mass 
and function.” Malnutrition is the “inadequate 
consumption of nutrients.” Disease-related mal-
nutrition due to inadequate nutrient intake can 
result in the development of the more complex 
syndromes of cachexia or sarcopenia.

The American Society for Parenteral and 
Enteral Nutrition (ASPEN) expanded the defini-
tion of adult malnutrition, defining it as an 

“acute, subacute or chronic state of nutrition, in 
which a combination of varying degrees of 
overnutrition or undernutrition with or without 
inflammatory activity have led to a change in 
body composition and diminished function” 
[15]. The specific subtypes of malnutrition, as 
defined by ASPEN, are (1) starvation-related 
malnutrition and chronic starvation without 
inflammation (e.g., anorexia nervosa), (2) 
chronic disease-related malnutrition where 
inflammation is chronic and of mild to moderate 
degree (e.g., organ failure, pancreatic cancer, 
rheumatoid arthritis, or sarcopenic obesity), and 
(3) acute disease or injury-related malnutrition 
where inflammation is acute and of a severe 
degree (e.g., major infections, burns, and closed 
head injury). Notably, there is increasing recog-
nition of the role of inflammation in chronic dis-
ease and malnutrition as body composition can 
be synergistically affected by the nutritional sta-
tus and the degree of inflammation. Inflammation 
causes catabolic loss of muscle mass and func-
tion (i.e., sarcopenia) and decreased albumin 
concentration by reducing protein synthesis and 
increasing protein catabolism [16]. Cytokine 
production and the resultant inflammation are 
also integral to the pathogenesis of obesity and 
inflammatory bowel disease as well as cardio-
vascular disease [17, 18].

Despite the recognition of malnutrition in 
1974 as a clinical condition that impacts the 
management of all patients, malnutrition 
remains under-recognized and undertreated. In 
a 2020 study of Dutch inpatients, 31% of the 
patients assessed at hospital admission were 
malnourished or at risk for malnutrition based 
on the results of the scored Patient-Generated 
Subjective Global Assessment© or PG-SGA©. 
This at-risk population increased over time. By 
day 5 of the hospitalization, the number of at-
risk or malnourished patients increased to 56%. 
By day 10 of their hospital course, 66% of 
patients met criteria for malnutrition. For those 
admitted for 15  days or more, 79% of the 
patients were found to be malnourished. After 
their hospital course and treatment for the indi-
cated diagnosis, 36% remained malnourished at 
the time of discharge. Because patients have 
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persistent DRM at discharge, it behooves us to 
screen for nutritional risk or malnutrition in the 
pre-discharge, post- hospital discharge, and out-
patient settings. Further, there should be an evi-
denced-based nutritional intervention when 
DRM is identified.

Of greatest concern, when nutritional status of 
patients was assessed at admission and pre- 
discharge, 30% of well-nourished patients 
became malnourished and 82% of malnourished 
patients showed no improvement in their nutri-
tional status prior to discharge [19]. Consistent 
with these findings, Luong et al. found that 40% 
of ambulatory patients with cirrhosis presenting 
for care at a tertiary care metropolitan hospital 
outpatient clinic were malnourished based on 
scores from both the Patient-Generated Subjective 
Global Assessment (PG-SGA©) and the 
Subjective Global Assessment modified for liver 
disease (SGA-LD) [20]. These findings highlight 
the need to use a clinical tool such as the Scored 
PG-SGA© that is an effective screening tool, 
provides a risk assessment for malnutrition, 
allows for triaging of nutrition interventions (i.e., 
determining when to intervene with specific 
interventions), and has prescriptive recom-
mended nutritional interventions based on the 
PG-SGA© score and that can be used for active 
monitoring of patients over time [21, 22].

 Anabolic Competence

DRM can have devastating effects and increase 
the risk of complications, especially for 1  in 4 
hospitalized patient and 17.5% of elderly nurs-
ing home residents [23]. Malnutrition increases 
hospital length of stay (LOS) by 18–34%, 
depending on the severity of malnutrition, and 
hospital costs by 31–55% [24, 25]. In addition, 
malnourished patients are more likely to be 
readmitted and have a higher mortality rate 
compared to non- malnourished patients with 
matching diagnosis- related groups (DRG). 
Under federal programs, hospitals that have 
high readmission rates are at risk for receiving 
reduced or no payments [26]. Specific treatment 
options are beyond the scope of this chapter and 

are reviewed elsewhere in this publication. 
However, it is important to recognize that a 
meta-analysis revealed that when malnutrition 
was diagnosed and treated during the hospital 
course, there was a two-day decrease in length 
of stay, 7% decrease in hospital readmission, 
and 20% savings in healthcare costs [27]. Using 
pneumonia as an example, when nutrition inter-
ventions were included as part of the hospital 
treatment course and the discharge planning, 
there was a 77% reduction in readmission rates 
[28]. These findings support the need for treat-
ment plans that routinely screen for nutritional 
risk or malnutrition during hospital admissions, 
at post-hospital discharge, and in general medi-
cal clinics and nutrition clinics.

Prevention and treatment of DRM must also 
address the other metabolic factors that affect 
nutritional status. The most influential factors 
are physical activity (e.g., exercise) and the hor-
monal/metabolic (i.e., internal) environment in 
the body, with inflammation being a significant 
contributor [29]. The term “internal milieu” 
reflects the hormonal and metabolic influences 
that affect nutrition status. The internal milieu 
encompasses hormones, neuroendocrine regula-
tors, inflammatory factors, the impact of the 
clinical disease or condition, and the potential 
adverse effects of treatment. Taken together, 
some authors suggest that the treatment of DRM 
should focus on achieving “anabolic compe-
tence,” rather than thinking about nutritional 
status in isolation, with a rapidly growing evi-
dence base regarding the importance of body 
composition in numerous clinical outcomes 
[30]. Langer et al. defined anabolic competence 
as “that state which optimally supports protein 
synthesis and lean body mass, global aspects of 
muscle and organ function, and immune 
response.” This paradigm allows clinicians to 
address malnutrition, the changes in lean body 
mass, and any functional deficits due to the dis-
ease treatment (e.g., Crohn’s disease exacerba-
tion treated with corticosteroids or 
hypothyroidism in patients with head and neck 
cancer treated with chemotherapy and radia-
tion). It also supports a research approach facili-
tating optimized clinical outcomes [31].
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 Risk Factors and High-Risk 
Populations

The American Dietetic Association defines nutri-
tion risk screening as “the process of identifying 
patients with characteristics commonly associ-
ated with nutritional problems who may require 
comprehensive nutrition assessment” [32] or “the 
process of identifying patients, clients or groups 
who may have a nutrition diagnosis and benefit 
from nutrition assessment and intervention by a 
registered dietitian nutritionist (RDN)” [33]. 
Most often, this consists of answering validated 
questions using a “quick and easy” (<10  min-
utes) tool that predicts nutrition risk or malnutri-
tion. Patients are identified as being “at-risk” or 
“minimal to no risk” for malnutrition. The initial 
risk assessment is usually performed by a dieti-
tian using a tool that requires minimal training. In 
contrast, nutrition assessment is defined as “a 
comprehensive approach to defining nutritional 
status using medical, nutritional and medical his-
tories; physical exam, anthropometric measures 
and laboratory data.” The British Dietetic 
Association notes in their definition of nutritional 
assessment that it is a “systematic process of col-
lecting and interpreting information in order to 
make decisions about the nature and cause of 
nutrition-related health issues that affect an indi-
vidual” [34]. Nutrition assessment is generally 
performed by a trained healthcare professional 
including physicians, nurse practitioners, nurses, 
and qualified nutrition staff. Patients determined 
to be at risk or malnourished are referred for 
nutritional interventions by dietitians, nursing, 
and/or medical providers.

Common risk factors that increase the risk for 
malnutrition in clinical practice are outlined in 
Table 3.1 [35, 36]. Upon review of the list, it is 
apparent that many of the risk factors associated 
with DRM can be identified in the clinical history 
for most patients cared for in inpatient and outpa-
tient practices. Thus, one should have a high 
index of suspicion that DRM may be influencing 
clinical outcomes.

Consistent with the published literature, the 
experience in our practice is that the patients with 
the greatest risk of an adverse outcome due to 

DRM are adults ≥65  years of age, those with 
declining health, and those with unplanned or 
unintentional weight loss. Clinicians often under-
appreciate the compounding effect of chronic 
inflammation of moderate to severe degree in the 
setting of a chronic illness. For example, a thin 
patient with Crohn’s disease may suffer from 
general undernutrition, which worsens during 
periods of acute disease exacerbations, driven by 
underlying inflammation and potential cortico-
steroid use. These high-risk patients can also 
worsen the degree of their malnutrition with self- 
imposed food restrictions due to previous adverse 
food reactions, misinformation, and fear [37].

In patients presenting to the emergency 
department, the prevalence of malnutrition has 
been reported to be as high as 12% but most 
emergency departments do not typically screen 
for DRM [38]. DRM also occurs in medical and 
surgical patients presenting to an outpatient GI 
practice. As previously noted, Luong et al. found 
that 40% of cirrhotic patients presenting to an 
outpatient clinic were malnourished [20]. Sherry 
et  al. found strikingly similar results relative to 
the prevalence of malnutrition in hospitalized 
patients with 20–50% affected in a multicenter 
study; however, at discharge, fewer than 10% of 
malnourished patients were given a nutrition rec-
ommendation or prescription for an oral supple-
ment that could have improved outcomes, 
including reduced mortality. It is intuitive that 
when malnourished patients are discharged from 
the hospital without a treatment plan addressing 
DRM, they will subsequently present to the out-
patient clinic with untreated disease [39].

Kamperidis et  al. [40] used the Malnutrition 
Universal Screening Tool (MUST) to screen 
patients presenting to an outpatient clinic on ini-
tial visit. The body mass index (BMI) and percent 
weight loss (%WL) over a two-week period prior 
to the clinic visit were assessed. Among 605 
adults including 316 women, 86% (519 patients) 
of the patients had a normal BMI and %WL. A 
total of 14% (n = 86) of patients screened had a 
BMI <20 kg/m2 or 5% WL consistent with mal-
nutrition as defined by the authors. Based on the 
MUST screening tool, 10% (n = 61) met criteria 
for MUST “medium risk” and 4% (n = 25) were 
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deemed “high risk” of malnutrition. Notably, 
18% of patients with inflammatory bowel disease 
and 25% of patients with GI cancers were mal-
nourished, as defined by the authors. DRM was 
present in 12% of the non-IBD patients and 12% 
of non-cancer patients. Of concern, though mal-
nourished, 61% were not being managed by a 
dietitian. In another study, using the SGA within 
48  hours of admission, malnourished patients 
were found to have increased mortality with a 
34% mortality at 1  year, 42.6% mortality at 
2 years, and a 48.5% mortality at 3 years [41, 42]. 
Despite the recognition that DRM results in lon-
ger hospital stays, early readmissions, increased 
healthcare costs and a higher mortality rate, and 
real or perceived barriers to nutrition screening in 
a busy practice continue to compromise nutrition 
care.

 Bedside Nutrition Assessment

In his initial report, Dr. Butterworth listed multi-
ple factors that contributed to iatrogenic malnu-
trition in hospital (see Table  3.2) and clinical 
practices in 1974 that compromised the nutri-
tional health of hospitalized patients. Dr. 
Butterworth encouraged clinicians to understand 
the clinical missteps that led to the initial report 
of the “skeleton in the closet” [3]. These concern-
ing behaviors persist as noted in 2011 and 2018 
reviews of hospital malnutrition, which is worri-
some (see Table 3.3) [2, 43]. It is imperative to 
revisit the importance of bedside nutrition screen-
ing or assessment in clinical practice beyond 
nutrition clinics. There is an educational gap 

between the nutrition management skills required 
by a physician and the nutrition education 
received in medical school and beyond, regard-
less of year of training [44]. Given the impact of 
DRM on healthcare outcomes and costs, nutrition 
screening, assessment, and treatment should be 
fully integrated into medical training 
curriculum.

There are a number of questions that should 
be considered in your practice to identify at-risk 
patients and to risk-stratify nutrition interven-
tions in order to optimize health outcomes.

• How do you determine which screening tool is 
appropriate in your clinical setting?

• At what point in the clinical flow is screening 
or an assessment done?

• Who does the screening or assessment?
• Once the patient is screened or assessed, what 

do you do with the information?
• Can the tool help with determining specific 

nutrition interventions that are appropriate for 
your patient?

• Will the tool assess the effectiveness of the 
nutrition intervention?

• Does the tool allow you to detect subtle 
changes in nutrition status over time?

As you consider implementing nutrition 
screening in your clinical practice or a medical 
training curriculum, Table 3.4 outlines consider-
ations that should be addressed as one incorpo-
rates an effective nutrition screening process into 
routine clinical care [45–48].

Following the initially shocking report in 1974 
that documented the widespread presence of iat-

Table 3.1 Common risk factors for malnutrition

Advanced age Depression Head injury Obesity
Alcohol intake Difficulty walking Hospitalization Organ failure
Altered nutrient need Drug metabolism Income satisfaction Parkinson’s disease
Cognitive decline Drug-nutrient interactions Inflammation, acute Polypharmacy
Constipation Dysphagia Inflammatory conditions, chronic Poor dental hygiene
Corticosteroid use Drug-nutrient interactions Loss of appetite Serious infection
Declining health Eating disorders Needing assistance with feeding Smoking status
Decreased physical activity Education level Nutrient metabolism Unplanned weight loss
Dementia Frailty Nutrition status

References: [35, 36]
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rogenic malnutrition in hospitalized patients, 
multiple nutritional screening tools were devel-
oped [49]. Early clinical screening tools included 
multiple components such as diet history, medi-
cal history, amount of weight loss, biochemical 
variables, anthropometrics, and often several cal-
culations. The tools were too cumbersome for 
routine clinical use, obtained static or categorical 
data, had poor reproducibility in varying popula-

tions, had poor interrater reproducibility, were 
unable to determine the patient’s nutrition status 
early in their clinical course, were not appropri-
ate for a given age/patient population, or were 
poorly understood. Therefore, they are not cur-
rently routinely performed in clinical practice.

Newer screening and assessment tools rely 
primarily on clinical judgement with specific 
objective measures and less on precise body 

Table 3.2 The factors contributing to iatrogenic malnutrition in hospitalized patients in 1974, 2011, and 2018

Height not measured 
in 56% of patients at 
any time during the 
hospitalization

Body weight not 
recorded in the first 
7 days in 26%

Of 36% in the study, 
22 (or 61%)
experienced weight 
loss (average of 
6 kg)

Hypoalbuminemia 
(albumin <3.0 gram 
percent) present in 28% 
at admission

Anemia was present 
in 37% of patients at 
admission, with 
another 16% 
becoming anemic 
during the admission

Body weight not 
recorded in 23%, 
preventing the 
calculation of body 
mass index

Body weight not 
recorded regularly 
during the 
hospitalization in 
43%

Patients not allowed 
food during an 
average of 3.1 days

Nine well-nourished 
patients became 
hypoalbuminemic during 
the hospital course

Patients experienced 
frequent blood draws 
during the admission 
that may have 
contributed to the 
anemia

Fourteen patients 
admitted for 
>3 weeks did not 
receive
nutrition 
intervention, despite 
the presence of 
nutritional 
inadequacy

There was no 
nutrition 
intervention, despite 
37% meeting 
criteria of treatment

During the 
hospitalization, 18% 
of meals were 
replaced with 
intravenous glucose

Patients receiving IV 
glucose had a calorie 
deficit of 2600 kcal per 
week during their 
admission

Nearly every patient 
underwent expensive 
diagnostic testing, 
received complex 
drug regimens, or had 
specialized surgery

References: [2, 3, 43]

Table 3.3 Practices that compromise the nutritional health of hospitalized patients in 1974, 2011, and 2018

Failure to record a 
measured height and 
weight

Failure to observe patients’ 
food intake (not just 
reported intake)

Failure to recognize 
increased nutritional needs 
due to injury or illness

Lack of communication 
between the physician and the 
dietitian

Rotation of clinical 
staff at frequent 
intervals

Withholding multiple meals 
because of diagnostic 
testing, rehabilitation 
therapy, dialysis, etc.

Performance of surgical 
procedures without first 
making sure the patient is 
optimally nourished

Delay of nutrition support 
until the patient is in an 
advanced state of depletion, 
which is sometimes 
irreversible

Diffusion of 
responsibility for 
patient care

Use of tube feedings with 
inadequate caloric intake, 
of uncertain compositions 
and under insanitary 
conditions

Failure to provide nutrition 
support in the postoperative 
period

Limited availability of 
specialized testing to assess 
nutritional status

Prolonged use of 
glucose and saline 
intravenous feedings 
leading to caloric 
deficits

Ignorance of the 
composition of vitamin 
mixtures and other 
nutritional products

Failure to appreciate the role 
of nutrition in the prevention 
of and recovery from 
infection, independent of 
antibiotics

Failure to use specialized 
testing to assess nutritional 
status when testing is 
available

References: [2, 3, 43]
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composition analysis with few, if any, calcula-
tions. There are multiple screening and assess-
ment tools available for clinical use. The most 
commonly used malnutrition screening tools are 
outlined in Table  3.5 [50–58]. Screening tools 
with a higher sensitivity are more effective in 
identifying the risk of malnutrition in the clinical 
setting. Of the screening tools listed in the table, 
the SGA and PG-SGA© are generally considered 
to be the gold standards for nutritional assess-
ment in clinical practice.

The SGA was first reported in 1982 [59] and 
has been fully described elsewhere [60]. The SGA 
is both a screening tool and an assessment tool. It 
is based on the premise that clinicians are able to 
identify malnutrition when key historical features 
and pertinent physical exam features are assessed. 
The entire assessment is performed by the clini-
cian [61]. Factors that most influence the SGA 
grade include muscle wasting, loss of subcutane-
ous tissue, and the pattern of weight loss [62]. The 
patient’s weight history is assessed at 6  months 
and two weeks prior to the visit to allow the pro-
vider to define the degree of change in body 
weight. Weight loss of less than 5% in 6 months 
was originally considered to have a “small” effect 
on clinical outcomes. Weight loss of 5–10% in 
6  months was considered “potentially signifi-
cant.” Weight loss of more than 10% in 6 months 
was deemed to be “definitely significant” relative 
to the risk for malnutrition. Ongoing weight loss 

at two weeks prior to assessment was indicative of 
a more acute state of malnutrition. It is important 
to note that when the weight loss is followed by 
weight regain, it suggests early recovery (i.e., con-
version to anabolism), and often, the SGA grade 
improves despite a total net weight loss. The SGA 
also addressed functional capacity or energy level. 
Based on the clinical assessment, the individuals 
are classified into three groups: (1) well-nourished 
or SGA category A, (2) mild/moderately mal-
nourished or SGA category B, and (3) severely 
malnourished or SGA category C.  Using this 
grading system, individuals who would benefit 
from nutrition support are identified. The advan-
tage of this clinical tool is that it is easy to use, has 
been validated in multiple patient populations, 
has good inter-observer reproducibility, requires 
no medical equipment or calculations, and incor-
porates functional status into the overall nutri-
tional assessment [63].

In 1996 at Fox Chase Cancer Center in 
Philadelphia, Ottery and colleagues modified the 
original SGA to allow patients to provide the his-
torical details of the patient’s global history, 
including weight history, nutritional intake, nutri-
tion impact score (NIS), and performance status 
(patient version of ECOG performance status). 
This modified tool became known as the 
PG-SGA©. The patient component of the 
PG-SGA© (Boxes 1–4) is known as the “PG-SGA 
SF” or by some authors as the abridged PG-SGA© 

Table 3.4 Considerations for an effective nutrition screening tool

Has the tool been validated 
in your patient population?

Who will perform 
the screening?

What is the clinical 
action that will be 
taken once the at-risk 
person is identified?

Is specialized 
training required 
prior to use of the 
screening tool?

Is the nutrition 
screening tool dynamic 
(assesses change in 
status) or static 
(identifies at-risk status 
only)?

Determine the complexity 
of the tool and whether 
calculations are required 
(N.B.: the more the 
calculations, the greater the 
risk for errors)

At what point in 
the patient 
assessment is the 
data collected?

What is the ease of 
use of the nutritional 
screening tool in 
clinical practice?

Is the tool 
cost-effective to 
implement?

Does the tool allow for 
triaging of nutritional 
intervention?

How sensitive is the tool? 
Will it identify all those at 
risk for malnutrition?

How can the 
assessment be 
incorporated into 
routine care?

What is the 
reproducibility of the 
results compared with 
clinical gold 
standards?

Is the tool 
noninvasive?

Can the screening be 
performed in a 
time-efficient manner?

References: [45–47]
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[64]. Boxes 1–4 are designed so that, for a given 
patient, 80–90% of the total PG-SGA© score is 
collected by patient self-report [65].

The healthcare provider continues to complete 
the clinician component, addressing the patient’s 
potential catabolic effect for the patient, with 
input regarding the primary and other diagnoses, 
and the metabolic considerations including fever 
(degree and duration) and the use of corticoste-
roids (type and dose). Each of these variables are 
often overlooked in terms of increased nutritional 
risk or deficit.

The PG-SGA© is both a categorical tool (A, 
B, and C), similar to the original SGA, and a 
dynamic or continuous measures tool (with a 

continuous point score). This latter aspect is 
important since it not only allows a “snapshot” of 
the patient at a given time but also facilitates real- 
time and granular determination of improvement 
or deterioration of patient variables. The point 
score change also is effective in terms of patient 
awareness and empowerment, since variables 
such as weight (or categorization) may take much 
longer to document improvement.

The scoring categories (also referred to as 
“stage” for the PG-SGA©) remained the same as 
the traditional SGA. However, the categories A 
and B were sub-divided into either nutritionally 
low-risk or nutritionally high-risk, with therapies 
depending on the nutrition risk associated with 

Table 3.5 Validated nutrition screening tools

Malnutrition screening tool Patient population Sensitivity Specificity
Mini Nutritional Assessment 
(NMA)

Setting: acute, community, rehab, long-term care
Population: geriatric
Limit: low specificity in acute population

96% 98%

Mini Nutritional Assessment- 
Short Form (MNA-SF)

Elderly; better for sub-acute care and residential 
care; less optimal for acute care

97.9% (MNA)
100% (SGA)

100% 
(MNA)
52% 
(SGA)

Malnutrition Screening Tool 
(MST)

Acute adults: inpatient and outpatient; residental 
care facilities

93% 93%

Malnutrition Universal Screening 
Tool (MUST)

Acute care in adults; community. Note: predicts 
mortality risk, increased length of stay, and 
discharge destination in acute patients

69.7% to 80% 
(PG-SGA)

75.8% to 
90%
(PG-SGA)

Nutrition Risk Screening 
(NRS-2002)

Acute adults: predicts likelihood of positive 
outcome from nutrition support and reduced LOS 
among at-risk patients that receive nutrition 
support

62–74% 87–93%

Nutrition Risk Initiative (NRI) Adults, inpatients 43% 89%
Subjective Global Assessment 
(SGA)

Settings: acute, rehab, community, and 
residential;
populations: surgery, geriatric, oncology, renal, 
medical

82–100% 60–73%

Patient-Generated Subjective 
Global Assessment (PG-SGA)

Setting: acute, ambulatory
Populations: oncology, renal, stroke

80–100% 60–80%

Scored Patient Generated 
Subjective Global Assessment 
(sPG-SGA)

Numerical score assists in monitoring changes in 
nutritional status and triaging nutritional 
interventions (i.e., dynamic versus static 
assessment)

98% 82%

DETERMINE (or NSI) Checklist Elderly adults 60% 60%
Seniors in the Community: Risk 
Evaluation for Eating and 
Nutrition (SCREEN©)-I

Elderly adults, community based 94% 32%

Seniors in the Community: Risk 
Evaluation for Eating and 
Nutrition (SCREEN©)-II

Elderly adults, community based 84% 62%

References: [50–58]
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their disease or cancer and proposed treatment. 
Patients with stage C risks were considered high 
risk and the category was not subdivided. If a 
patient was in the stage A or low-risk stage B cat-
egory, repeat nutritional assessment was per-
formed at each visit in the system so that both the 
outpatient (i.e., oncology clinic appointments) 
and inpatient (i.e., admission) status were 
assessed. For patients in the high-risk stage B or 
stage C, there was a nutrition intervention per-
formed. These patients were then reassessed two 
weeks after the specialized intervention to deter-
mine if the treatment was effective [66].

The PG-SGA© underwent further develop-
ment to include a scoring system that transformed 
the tool from a static or categorical measurement 
to a dynamic or continuous assessment such that 
it reflects changes in nutritional status over time. 
The categorical scores were included to (1) be 
consistent with the legacy SGA tool, (2) to allow 
comparison between the two tools, and (3) to bet-
ter address global outcomes across medical con-
ditions and patient populations [21]. There is a 
global assessment of risk for malnutrition (i.e., 
well-nourished, moderately or suspected mal-
nourished, or severely malnourished) and a 
scored section derived from the patient’s histori-
cal information. For each component of the 
scored PG-SGA©, 0 to 4 points are assigned 
based on the impact of the symptom on the nutri-
tional status. The total score is summed and pro-
vides a scale to determine which patients require 
nutritional intervention. Higher scores are associ-
ated with increased risk of malnutrition. If the 
score is ≥9, there is a need for an urgent nutri-
tional intervention as this score represents a criti-
cal need for enteral or parenteral support. For 
scores less than 9, the recommended nutrition 
interventions include active monitoring, patient/
family education, diet modification, and oral 
nutrition supplements. The scored PG-SGA© 
should be repeated after the nutrition intervention 
to assess for interval changes in nutritional status. 
The scored PG-SGA© has a sensitivity of 98% 
and a specificity of 82% in accurately predicting 
the SGA grade [64, 67].

There are several features that make the scored 
PG-SGA© an ideal tool for routine use in clinical 

practice. The PG-SGA© score was a major pre-
dictor of prognosis and mortality across a num-
ber of publications, with particular illustrative 
data in patients (n  =  146) with gynecological 
(ovarian, endometrial, or cervical) malignancies 
admitted to a referral oncologic hospital. In this 
study, particularly critical were the following 
findings: (1) a score of >10 points was associated 
with a 30.7% increased risk of death at one year; 
(2) decreased survival was seen in patients cate-
gorized as B or C, and (3) the Kaplan-Meier sur-
vival data demonstrated an adverse impact that 
was seen regardless of disease state (early [stages 
I–II] or advanced [stages III–IV]) or cancer site 
[68].

In addition to these important clinical out-
comes, the advantages of the PG-SGA© include 
the following: (1) prediction of increased hospi-
tal costs in severely malnourished patients in hos-
pitalized patients screened upon admission [69], 
(2) prediction of changes in quality of life (QOL) 
due to DRM and correlates with the change in 
QOL as nutrition status improves or deteriorates, 
at baseline and following therapy in ambulatory 
patients [22], (3) facilitation of awareness of 
symptoms that adversely affect nutritional intake 
and status as well as monitoring of success of 
specific pharmacological or behavioral interven-
tions [70], (4) facilitation of detection of early or 
subtle changes in nutritional status [70], and (5) 
identification of potentially treatable patient con-
cerns that affect their nutritional status allowing 
for proactive interventions [71].

Boxes 1–4 (or the PG-SGA© SF) form a 
patient-centric or patient-reported outcomes 
(PRO) tool and can be completed prior to evalua-
tion by the clinician; it can serve to streamline 
clinic flow, while providing patient self-report 
vital information for effective patient manage-
ment, improved quality of patient-clinician inter-
action, and early awareness and intervention 
[72]. The scored PG-SGA© was originally 
designed by Ottery and colleagues for use across 
a spectrum of patient populations and was not 
limited for use in oncology. However, based on 
Ottery’s oncology practice and research as well 
as early adoption by the American Dietetics 
Practice Group (ONDPG) of the Academy of 
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Nutrition and Dietetics (AND, previously the 
American Dietetic Association or ADA), it is 
often considered the gold standard or reference 
tool for nutritional screening and assessment in 
oncology. However, it has since been shown to 
perform well in other clinical settings including 
but not limited to (1) ambulatory inflammatory 
bowel disease patients [73], (2) obese cancer 
patients [74], (3) cirrhotic liver patients [75], and 
(4) renal dialysis patients [76], to name a few. 
Taken together, the scored PG-SGA© meets all 
the criteria as an effective nutrition screening tool 
as well as a global nutritional assessment tool. It 
is a 4-in-1 tool that can be used across multiple 
patient settings from outpatient, inpatient, home 
care, hospice, and clinical research. Its ease of 
use, cost-effectiveness, time efficiency, and clini-
cal effectiveness make the scored PG-SGA© an 
ideal tool for medical student training and subse-
quent use in routine clinical care [57, 65].

 Summary

Malnutrition in clinical practice is often under- 
recognized and undertreated with potentially 
devastating consequences, especially for older 
adults. Disease-related malnutrition, when unrec-
ognized or inadequately treated, adversely affects 
the clinical, health, and economic outcomes 
across a broad spectrum of conditions and patient 
populations. Treatment goals for DRM should be 
to optimize or achieve the important interdisci-
plinary, multimodal concept of anabolic compe-
tence. Routine nutrition screening should be 
included in all patient assessments. Standardized 
screening tools with a scoring system such as the 
Scored Patient-Generated Subjective Global 
Assessment © allow for time-efficient, dynamic 
monitoring of patients. The continuous measure 
scoring allows for risk assessment and triaging of 
nutrition interventions and predicts health-related 
outcomes. Because DRM remains so prevalent, 
optimal clinical outcomes for our patients 
demand (mandate) that every practitioner actively 
incorporate nutrition screening and assessment 
into their routine for each and every nutritionally 
at-risk patient. Medical training programs are 

encouraged to prioritize integrated nutrition edu-
cation in the medical education curriculum with 
emphasis on nutrition screening and assessment 
training as these are essential skills that lead to 
improved quality of care and health outcomes for 
patients.
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General Therapeutic Principles 
for Nutritional Support

Lena B. Palmer

Once an individual has been identified as being 
unable to meet his or her nutrition and hydration 
needs by oral intake alone, or is anticipated to 
need medical nutrition therapy (MNT) due to an 
upcoming procedure or therapy, planning should 
begin regarding the most appropriate route, tim-
ing, and setting for initiation of nutrition support. 
National and international societies have pro-
vided consensus guidelines which can provide 
decision support at each step, but rigorous 
evidence- based data underlying those guidelines 
are often lacking. Decisions will also differ 
depending on whether the need for MNT is acute 
or chronic and will further differ in the presence 
of critical illness. Practitioners who work in both 
the inpatient and outpatient setting must be famil-
iar with many different aspects of nutrition care 
to help guide therapy. A table outlining major 
international nutrition and specialty societies 
with nutrition-related guidelines is provided for 
reference, though this list should not be consid-
ered comprehensive and is not an endorsement of 
any specific guideline or society (Table  4.1). 
Detailed concepts in nutrition support such as 

individual protein and caloric requirements based 
on disease process, oral dietary therapy and med-
ical diets, polymeric versus specialized enteral 
supplements, rate of feeding, and nutrition con-
cepts specific to individual disease states are 
beyond the scope of this generalized review.

 Initiating Medical Nutrition 
Therapy – Timing

Acute care hospitals often include basic malnu-
trition screening questionnaires at the time of 
hospital admission, and in the United States, the 
Joint Commission mandates nutritional screen 
within 48 hours of admission [1]. However, the 
Joint Commission does not require use of any 
one specific screening tool, and a 2014 survey of 
US hospitals showed hospitals approach nutrition 
screening in a variety of ways, ranging from sim-
ple questions of weight loss history to complex 
malnutrition screening tools such as the 
Subjective Global Assessment (SGA) [2].

Nutrition support planning should be routinely 
included in the initial assessment of all critically 
ill hospitalized patients. Consensus guidelines 
from the American Society for Parenteral and 
Enteral Nutrition (ASPEN), the Society of 
Critical Care Medicine (SCCM), the Canadian 
Clinical Practice Guidelines, as well as the 
European Society for Clinical Nutrition and 
Metabolism (ESPEN) recommend performing a 
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standardized nutrition risk assessment and initiat-
ing nutrition support within 24–48  hours of 
admission to the ICU for all patients regardless of 
the presence or degree of malnutrition at baseline 
[1, 3, 4]. The ASPEN/SCCM recommendation is 
based on four meta-analyses comparing out-
comes in early versus delayed initiation of enteral 
nutrition (EN) that show a clinical benefit to early 
EN, mostly in the form of decreased infectious 
complications. The meta-analyses showed mixed 
results regarding mortality with one showing a 
trend in mortality reduction [5], and two showing 
a clear mortality benefit [1, 6]. Reduced hospital 
length of stay has also been demonstrated. The 
quality of the evidence was considered very low, 
however, and a Cochrane Database Systematic 
Review determined that the quality of evidence 
was insufficient to draw consistent conclusions 
of clinical benefit [7]. The societies differ in 
regard to the method of nutrition risk screening, 

with ASPEN/SCCM guidelines recommending 
use of a validated malnutrition screening tool 
such as the Nutrition Risk Score (NRS-2002) and 
ESPEN noting that no tools have been univer-
sally validated in all critical care populations, and 
a broader approach was endorsed. Nutrition care 
for critically ill patients with burn injuries is a 
specialized area of nutrition support due to the 
extreme metabolic and physiologic derange-
ments that occur; Abdullahi & Jeschke provide a 
helpful overview of key principles in the nutrition 
care of patients with burns [8].

If EN is contraindicated or not feasible, and 
parenteral nutrition (PN) is considered, studies 
have shown little benefit and even harm from 
early initiation of PN in patients who are well 
nourished or only mildly malnourished upon 
admission [9, 10]; therefore, it is recommended 
to wait between 3 and 7 days after admission for 
critical illness to begin PN in patients who are not 

Table 4.1 International Nutrition and Specialty Societies, Guideline Statements and Consensus Documentsa

Society Subject
Year of 
Publication

American Society for Parenteral and Enteral Nutrition (ASPEN) Refeeding Syndrome 2020
Central Venous Access Devices 
for Home PN

2019

Enterocutaneous Fistulab 2019
EN 2017
Critical Illnessc 2016
Home and Alternative Site Care 2014

European Society for Parenteral and Enteral Nutrition (ESPEN) Home PN 2020
Home EN 2020
Acute and Chronic Pancreatitis 2020
Critical Illness 2019
Polymorbid Internal Medicine 
Patients

2018

Surgery 2017
Federación Latino Americana de Terapia Nutricional, Nutrición 
Clínica y Metabolismo (FELANPE)

Enterocutaneous Fistulad 2019

American Gastroenterological Association (AGA) Acute Pancreatitis 2018
American College of Gastroenterology (ACG) Adult Hospitalized Patients 2016
Society for Critical Care Medicine (SCCM) Critical Illnessd 2016
Canadian Critical Care Society (CCCS) and the Canadian 
Critical Care Trials Group (CCTG)

Critical Illness 2013/2015

American Society for Gastrointestinal Endoscopy (ASGE) Endoscopy in Enteral Feeding 2011
National Institute for Health and Clinical Excellence (NICE), 
United Kingdom

Nutrition Support for Adults 2006

aOnly guidelines referenced in the text are included
bIn conjunction with FELANPE
cIn conjunction with SCCM
dIn conjunction with ASPEN
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moderately to severely malnourished and who 
cannot be fed orally or enterally [1, 3, 9]. In those 
patients who do meet criteria for moderate to 
severe malnutrition, MNT should begin as soon 
as possible and immediately after hemodynamic 
stabilization regardless of route. If hemodynamic 
instability is prolonged, the parenteral route 
should be considered.

There is evidence that MNT is beneficial in 
hospitalized patient who are not critically ill [11–
13], however, there is little evident to guide tim-
ing of therapy initiation. Generally accepted 
principles in patients who are not critically ill 
stratify timing based on degree of malnutrition, 
and enteral or parenteral interventions are usually 
avoided in the first week of hospitalization when 
patients are well nourished or mildly malnour-
ished at baseline [9, 14]. MNT including inser-
tion of enteral or parenteral access devices should 
be considered within 48–72 hours of admission 
in moderate to severely malnourished patients.

Recognition of chronic malnutrition in the 
outpatient setting is more challenging due to 
fragmented episodes of care, lack of routine 
weight monitoring, and a lack of nutrition screen-
ing mandates from accrediting bodies. Ideally 
nutrition screening should be performed in most 
routine follow-up encounters or encounters for 
medical conditions where malnutrition is a com-
mon complication. General nutrition support 
should begin immediately when malnutrition, 
weight loss, or inadequate oral intake has been 
identified. This includes identifying the medical, 
emotional, social, and cultural factors that are 
contributing to malnutrition; considering how 
other comorbid illness and prior surgeries are 
impacting malnutrition; evaluating allergies and 
medications to identify those that can impact 
nutritional intake; and providing enhanced oral 
dietary advice to help prevent further decline. If 
rapid or severe changes are noted, it may be nec-
essary to proceed directly to EN or PN [11].

Perioperative nutrition support has received a 
great deal of attention in the last decade with the 
increasing recognition of a concept known as 
“pre-habilitation” [15]. Pre-habilitation proto-
cols use “bundles” of preoperative interventions 
that have collectively been shown to decrease 

postoperative complications, with the goal of 
improving postsurgical outcomes. Nutrition is 
an important component of perioperative risk 
reduction interventions. One of the earliest stud-
ies of the impact of MNT on postoperative out-
comes was the 1991 Veterans Affairs Cooperative 
study of PN prior to elective major surgery [16]. 
This landmark trial demonstrated that MNT in 
the form of parenteral nutrition started 7–15 days 
prior to major surgery and continued for at least 
3  days postoperatively reduced non-infectious 
complications by almost 90% compared to con-
trols [5% versus 43%; P = 0.03; RR 0.12 (95% 
CI 0.02–0.91)]. There were no differences in 
infectious complications between the two 
groups. In contrast, patients who were borderline 
or only mildly malnourished did not show a ben-
efit and incurred increased infectious complica-
tions. Two of the most widely applied examples 
of modern preoperative initiatives include the 
Enhanced Recovery after Surgery® or ERAS® 
protocol [17] and the Strong for Surgery initia-
tive [18]. The ERAS® protocol is a distinct set 
of interventions that have been widely studied in 
many forms of surgery, mostly gastrointestinal 
surgery. Randomized controlled trials and meta-
analyses of ERAS® protocols have shown 
reductions in morbidity, costs, hospital length of 
stay (LOS), pain, recovery times, and improved 
quality of life (QOL) and patient satisfaction 
[19]. The benefit of pre- habilitation, which can 
vary significantly by site and utilizes additional 
strategies beyond those in the ERAS® bundle, 
has been questioned in a recent systematic 
review showing no improvement in outcomes 
from RCTs included in the analysis [20]. The 
analysis included 14 RCTs, but the wide range 
of interventions, types of surgeries, lengths of 
pre-habilitation programs, and degree of compli-
ance with protocol limit the ability to assess out-
comes in a systematic or generalizable way. A 
separate meta-analysis that focused only on 
nutritional pre-habilitation in colorectal surgery 
did find a benefit in functional status as mea-
sured by a 6-minute walk test and hospital length 
of stay for ONS and/or counseling prior to sur-
gery, or ONS with or without counseling and 
with exercise [21].

4 General Therapeutic Principles for Nutritional Support
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 Initiating Medical Nutrition 
Therapy – Route

MNT can be delivered via one of the following 
three routes: orally by volitional intake, enterally 
through a device inserted into the intestine, or 
parenterally through a venous access device. Oral 
MNT is often the first recommendation for 
chronically malnourished patients in need of 
MNT, given it is the least invasive and least 
expensive option, and it preserves the natural 
process of consuming nutrition by mouth. 
Commercially available oral nutrition supple-
ments (ONS), usually in the form of liquid bever-
ages, are widely available and come in a variety 
of flavors. Studies have shown benefit from the 
addition of ONS when patients retain the ability 
to eat and drink, including decreased hospitaliza-
tion rates, improved functional and nutritional 
status, increased weight and muscle mass, 
decreased length and costs of hospital stay, and 
reduced readmission rates [11–13, 22]. Though 
liquid ONS is the most common form, commer-
cial providers have developed calorie-dense 
offerings in the form of solid snack bars and pud-
dings that can provide additional variety depend-
ing on a patient’s preferences and swallowing 
abilities. A significant downside of commercial 
ONS in the ambulatory setting, however, is the 
lack of financial resources for patients, as this 
route of therapy is not usually covered by 
insurance.

If oral intake is not adequate or possible due to 
factors such as an impaired ability to swallow, 
then the enteral route of feeding should be used 
except in very specific situations. Physiologic 
benefits of providing MNT directly to the intes-
tine include preservation of the gut mucosal bar-
rier, blood supply, motor function, and 
microbiome, and decreased secretion of inflam-
matory mediators [1, 9, 23]. Improved outcomes 
from EN over PN have been shown in numerous 
studies, with the most consistent benefit being in 
reduced infectious complications [1, 3]. In the 
ICU setting, reduced length of stay has also been 
shown. Results on mortality, though, have been 
inconsistent, and at present the data are not suf-
ficient to show a mortality benefit for EN [1]. 

Gastrointestinal intolerance is common in acute 
illness, however, as is under-administration of 
EN.  Supplemental PN is the process of adding 
PN when patients are failing to meet nutritional 
targets with EN or oral intake alone. Russell and 
Wischmeyer provide a comprehensive review of 
recent guidelines and clinical scenarios where 
supplemental PN may be considered [24].

There are a few specific clinical scenarios 
where evidence-based guidelines have been pub-
lished to help guide route of therapy. ESPEN and 
the American Gastroenterology Association 
(AGA) have both recommended oral/enteral 
feeding over PN for patients with acute pancre-
atitis (Grade of Recommendation A, strong con-
sensus, moderate quality of evidence) [25, 26]. 
ESPEN guidelines recommend administering EN 
to the level of the stomach initially and reserving 
post-pyloric feeding in the case of intolerance, 
and the AGA guidelines do not provide guidance 
regarding the decision to target the stomach or 
the small bowel. For patients with high output 
enterocutaneous fistula where enteral access 
below the level of the fistula cannot be estab-
lished, ASPEN and the Federación Latino 
Americana de Terapia Nutricional, Nutrición 
Clínica y Metabolismo (FELANPE) recommend 
consideration of PN, at least until fistula output 
can be controlled [27]. There is no consensus as 
to whether and when to use medical diet therapy, 
EN, or PN in the setting of a chyle leak which is 
a disruption in the flow of lymphatic fluids that 
complicates some surgeries of the head, neck, 
and gastrointestinal tract [28]; the choice and 
timing of route generally depend on the severity 
of the leak [29, 30].

Enteral nutrition therapy is delivered via feed-
ing tube, and it can be delivered to various points 
in the intestine. The least invasive method of EN 
delivery is via small bore nasoenteric tube [31]. 
Usually these range in size from 8 to 12 French 
for adults and utilize an internal stylet during 
insertion as opposed to larger bore tubes that lack 
a stylet and are inserted for medication delivery 
or decompression of the intestine in the event of 
a bowel obstruction. Large bore tubes are not rec-
ommended for EN due to the risk of sinusitis and 
mucosal breakdown, ulceration, necrosis, or 
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 perforation with long-term use, and oral insertion 
of enteric tubes is generally only used in patients 
who are intubated and sedated due to oropharyn-
geal irritation and gag reflexes [32]. Small bore 
tubes also carry these risks, though, and a general 
guideline is that nasoenteric feeding tubes should 
not be used beyond 4–6 weeks [33, 34]. Additional 
complications of nasoenteric tubes include com-
plications from insertion such as bleeding or mal-
positioning which can result in serious injury or 
even death due to pneumothorax or perforation at 
any point along the insertion tract, including mal-
positioning into the sinuses or cranium. EN has 
also been infused into tubes that were not recog-
nized to be malpositioned in the lungs, resulting 
in pneumonia and respiratory distress [35]. 
Insertion is contraindicated in patients with a 
basilar skull fracture, recent sinus surgery, devi-
ated septum or other anatomical barrier to inser-
tion through the nose, or an uncorrected 
coagulopathy [31]. Small bore feeding tubes are 
also uncomfortable for patients and are prone to 
clogging, migration, reflux from a small intestine 
segment back into the stomach, and dislodge-
ment from accidental or deliberate removal. 
Meta-analysis shows that dislodgement can be 
reduced through the use of a nasal bridle device 
which is a plastic or fabric tie that is inserted 
through the nares, wrapped around the vomer 
bone, and then attached to the nasoenteric tube 
[36]. The nasal bridle technique was initially 
developed using common hospital supplies [37], 
but a commercial apparatus is available which 
simplifies the procedure [38].

Percutaneous feeding tubes can be inserted 
endoscopically, radiographically, or surgically 
directly from the outer abdominal wall into the 
intestine. The most common method of insertion 
is percutaneous endoscopic gastrostomy inser-
tion or PEG. This technique was first described in 
1980 [39], and it has been shown to be safe and 
effective [40]. Surgical gastrostomies are gener-
ally reserved for patients with altered anatomy in 
whom percutaneous or radiographic insertion is 
not possible. Complications are higher and suc-
cess rates are lower for this technique (though 
selection bias confounds this comparison). Tubes 
can also be inserted percutaneously into the jeju-

num (known as direct percutaneous endoscopic 
jejunostomy or DPEJ); however, insertion of a 
PEJ tube is technically more complex, requires 
an experienced operator, and success rates are 
lower [40]. The choice of technique usually 
depends on local expertise and availability. 
Contraindications and cautions to percutaneous 
or surgical enteral feeding tubes include ascites, 
connective tissue disorders, uncorrectable coagu-
lopathy, and varices or infiltrative disorders of the 
target organ.

Parenteral nutrition should be reserved for 
situations when use of the intestine is not medi-
cally possible. This includes anatomic issues 
such as intestinal obstruction or severe dysmotil-
ity, proximal or high output entero-cutaneous fis-
tulae, and chyle leak when dietary or enteral 
therapy has failed. It is also appropriate to con-
sider parenteral nutrition when MNT is needed 
but patients are hemodynamically unstable or 
where intestinal ischemia is of concern.

Ethical and practical dilemmas can occur 
when debating timing and route of MNT [41]. 
Patients may decline EN due to perceived dis-
comfort from a feeding tube, prioritizing imme-
diate physical comfort and downplaying the 
increased medical risks and costs associated with 
PN.  Patients may refuse oral feeding or fail to 
meet oral feeding goals despite lack of identifi-
able medical conditions that would inhibit oral 
intake. Patients or caregivers may also insist upon 
MNT when providing MNT is either futile or 
potentially harmful, such as in the case of insert-
ing PEG tubes for feeding in the setting of 
advanced dementia [41–43]. Practical dilemmas 
occur when insurance regulations may signifi-
cantly impact the choice of route, in that insur-
ance providers are unlikely to cover the high 
costs of PN if there is no medical indication for 
its use [44]. Insurance limitations can also impact 
the ability to provide EN, as some insurers may 
cover insertion of a feeding device but may not 
cover the actual EN formulation, and others may 
not cover EN unless a permanent medical disabil-
ity exists [44]. Insurers who only cover MNT in 
the setting of permanent disability exclude those 
who need MNT for short periods of time (such as 
after a major intestinal surgery when oral feeding 
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adequacy may be delayed) or when there is no 
obvious medical reason prohibiting intake [45]. 
The cost of paying out of pocket for MNT may be 
prohibitive for the patient, particularly if PN is 
needed. It is necessary to confirm that patients 
have adequate resources for any MNT plan prior 
to initiation. When patient wishes for MNT differ 
from best medical advice, it is very important to 
engage patients and caregivers in a detailed dis-
cussion of the risks, benefits, indications, costs, 
and monitoring requirements of the desired MNT 
and why an alternative is being recommended. 
Often providers will find that enhanced under-
standing of the rationale behind certain recom-
mendations allows patients and providers to 
reach a mutually beneficial strategy.

 Initiating Medical Nutrition 
Therapy – Setting

If MNT is being considered for patients who are 
ambulatory, providers will need to determine if 
MNT can be safely and practically initiated in the 
home, or whether safety or other parameters 
necessitate admission to an acute care facility for 
coordination of access device insertion and clini-
cal monitoring during therapy initiation. Safety is 
of utmost importance, and providers must assess 
patients for risk of refeeding syndrome. Refeeding 
syndrome, first described immediately following 
the Second World War [46, 47], is the observed 
constellation of clinical symptoms experienced 
by those who have been deprived of nutrition for 
extended periods of time and are suddenly pro-
vided with nutrition. Patients who are signifi-
cantly malnourished and at risk of refeeding 
syndrome must be hospitalized to initiate MNT 
so that serious potential complications can be 
managed or avoided. Potential complications 
include cardiac arrhythmias, rhabdomyolysis, 
seizures, coma, respiratory decompensation, 
extreme electrolyte abnormalities, and even death 
[48]. A consensus definition and guidelines 
regarding management of refeeding syndrome 
have recently been published [49]. Refeeding 
syndrome was defined as a decrease in one or a 
combination of serum sodium, magnesium, or 

phosphorous of at least 10% from baseline, with 
or without organ dysfunction, occurring within 
5 days of reintroduction of feeding. Organ dam-
age resulting from thiamin deficiency occurring 
within the same time frame was also included in 
the definition of refeeding syndrome. Tenants of 
anticipating and managing refeeding syndrome 
include frequent electrolyte monitoring, replace-
ment of deficits prior to and during initiation of 
oral feeding (usually with intravenous and not 
oral formulations), prescribing thiamin supple-
mentation before and during refeeding, and start-
ing oral feeding at a fraction of anticipated needs 
(usually 10–25% of estimated caloric needs).

It was historically common to admit patients 
needing PEG tube insertion to the hospital for 
overnight monitoring after placement even if 
refeeding syndrome was not a concern, often 
delaying EN initiation to the next morning. 
Published experiences with outpatient insertion 
of PEG tubes, and even unsedated outpatient 
PEG placement in victims of stroke, have chal-
lenged this practice [50–52]. As for timing of EN 
initiation after PEG placement, multiple meta- 
analyses have shown no harm from EN started 
2–4 hours after the PEG has been placed [33, 53], 
and delaying EN start to the next morning simply 
prolongs hospitalization time and decreases 
nutrition delivery.

Initiating parenteral nutrition is a complex 
process that requires frequent clinical and labora-
tory assessment to ensure safety, and this is not 
usually initiated in a home setting as daily labs 
and adequate clinical assessment are not readily 
available. However, Newton & DeLegge have 
discussed home-start PN and laid out a frame-
work for conditions, checks, balances, and con-
siderations where this could be accomplished 
under the management of experienced nutrition 
support teams [54]. Choosing the appropriate 
venous access device is an important part of the 
process, and recent guidelines have been pub-
lished to help teams choose the right device for 
the right clinical scenario [55]. While 
peripherally- inserted central venous catheters 
(PICC) are commonly used in acute care settings, 
they are not ideal devices for patients who require 
long-term PN.  Single lumen tunneled catheters 
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are the preferred venous access device for patients 
who require long-term PN and when no other 
parenteral infusions are needed. Single lumen 
catheters minimize the risk of catheter-related 
infections which are one of the most common 
complications of PN.

 Monitoring Medical Nutrition 
Therapy

After MNT has begun, it is very important to 
closely monitor for complications of therapy and 
to routinely reassess feeding tolerance and prog-
ress toward goals [33, 35]. Studies have shown 
clinical and economic benefit when a nutrition 
support team is involved in this process [33, 34, 
56, 57]. Nutrition support teams are usually com-
posed of a physician or licensed independent pro-
vider who is experienced in MNT, an expert-level 
registered dietitian nutritionist, a clinical phar-
macist experienced with PN, and potentially spe-
cialized nutrition support nurses [34]. 
Unfortunately increasing financial burdens on 
hospital systems have resulted in a steady decline 
of formal NST [58]. It is still necessary, particu-
larly when PN is used, for patients to be con-
nected with a main team or provider who will be 
responsible for the frequent follow-up needed to 
ensure safe and effective care [33, 34, 59].

The frequency, nature, or timing of laboratory 
and clinical assessment needed when MNT is 
begun is usually based on local policy and exper-
tise, though at least one clinical guideline has 
provided recommendations for follow-up assess-
ment [9]. Inpatients are often reassessed daily or 
several times a week by nutrition support staff, 
and daily laboratory monitoring is usually avail-
able. The main concerns during initiation phase 
are to ensure electrolyte stability and patient tol-
erance of the route of therapy as well as to man-
age hyperglycemia if it occurs [35]. Electrolytes 
including magnesium and phosphorous, kidney 
function, liver enzymes, and triglycerides are 
monitored prior to initiation of parenteral therapy 
and after starting. Electrolytes are monitored 
daily in the initiation phase, but liver enzymes 
and triglycerides should not require daily checks 

unless significant abnormalities develop. 
Hyperglycemia is a common occurrence in hos-
pitalized and critically ill patients even in the 
absence of preexisting diabetes, and it is associ-
ated with worse clinical outcomes [60]. Therefore, 
it is important to monitor for the development of 
hyperglycemia during the initiation of 
MNT.  There is currently no standard regarding 
how to manage hyperglycemia in the setting of 
enteral or parenteral nutrition [61], but the annu-
ally updated American Diabetes Association® 
Standards of Care in Diabetes addresses glyce-
mic control in hospitalized patients and can be 
used to guide therapy even in those without pre-
existing diabetes [62]. Acute phase proteins such 
as albumin and pre-albumin are not reliable 
markers of malnutrition and they should not be 
used to guide therapy, particularly in the setting 
of acute inflammation where the catabolic pro-
cess significantly impacts serum levels [9, 63]. 
The measurement of gastric residual volume (the 
amount of fluid contained in the stomach after 
EN infusion, as assessed by aspiration of con-
tents from the feeding tube) has historically been 
used as a marker of tolerance to EN [3]. This 
practice is no longer widely recommended for 
routine clinical care due to numerous inconsis-
tencies in technique and the lack of association 
with clinical outcomes [1, 35, 64]. If it is still per-
formed, though, recommendations are to avoid 
holding EN therapy unless the aspirated volume 
is more than 500 ml [1, 3]. Though assessment 
for vitamin deficiencies may be indicated depend-
ing on patient symptoms and malnutrition, sev-
eral serum vitamin or mineral assays such as 
selenium, iron, copper, zinc, and vitamin A are 
highly influenced by the serum proteins to which 
they are complexed or by which they are mea-
sured. As many of these are acute phase reac-
tants, monitoring during an acute care stay may 
not yield an accurate assessment of the body’s 
stores [65–67]. Additionally, multivitamins that 
are incorporated into EN or PN formulas can 
confound the assessment of a patient’s underly-
ing reserve.

Assessment of daily weight is not usually 
needed to guide nutrition support, but weekly 
monitoring is helpful to establish trends. Symptoms 
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such as abdominal fullness, bloating, nausea, vom-
iting, coughing/choking during feeding, regurgita-
tion or reflux, leakage from tube sites, abdominal 
pain, and alteration in bowel habits should be 
promptly explored [35]. While EN is commonly 
blamed for diarrhea in hospitalized patients, there 
are many potential alternative causes such as 
hyperosmolar medications or underlying medical 
conditions that can be corrected with good result 
before altering the EN therapy itself [9, 68]. Also, 
villous atrophy can occur during periods of severe 
intestinal infections or prolonged bowel rest, and 
diarrhea can be seen in the first few weeks when 
the small intestine is rebuilding absorptive capac-
ity [69, 70].

Ambulatory patients will not have the benefit 
of frequent in-person monitoring unless PN is 
utilized and weekly assessment for central line 
care and lab checks are standards of care. 
Ambulatory patients on oral or EN therapy are at 
particular risk of loss to follow-up, and patient 
visits should be scheduled ahead of time to ensure 
that patients do not lose access to care. The 
increasing use of telehealth and distance moni-
toring may improve access for ambulatory 
patients. An additional financial barrier, at least 
in the United States, may be lack of coverage for 
dietitian assessment and monitoring [44]. This is 
often a significant barrier in the assessment and 
initiation phase, where very few insurers will 
cover dietitian care outside of a physician visit.

 Long-Term Management 
and Cessation of Medical Nutrition 
Therapy

Two outcomes are possible after MNT has been 
initiated—patients will either require long-term 
interventions or MNT will eventually be stopped. 
Some may even progress to more invasive forms 
of nutrition support depending on the nature of 
the underlying disease. This is where having a 
clear and transparent understanding of goals of 
MNT and setting realistic patient expectations 
are key [34, 59].

Some patients naturally come to the end of 
MNT through resolution of the underlying dis-

ease process  – bowel obstructions resolve, 
patients regain swallow function, inflammatory 
diseases like Crohn’s disease enter remission 
with disease-modifying regimens, appetites 
return after major surgery, or patients benefit 
from organ transplants which improve all aspects 
of functioning. Though patients who have 
attained independent and volitional oral intake 
are often eager to end the monitoring and devices 
that come with MNT, it is important that they be 
formally assessed for the ability to end support. 
For example, in patients with oropharyngeal dys-
phagia, a speech pathologist should officially 
sanction safety of the patient’s swallow mecha-
nism through bedside or fluoroscopic assess-
ments of swallowing [59]. Ideally a registered 
dietitian nutritionist should have established a 
relationship with the patient and can attest that 
the patient is reliably meeting caloric and hydra-
tion needs by mouth. Input from other medical 
providers is often needed to confirm an end to 
drug therapies such as chemotherapy that dra-
matically impact nutrition intake or to provide an 
assessment of the outcome of cancer treatment. 
This includes providing an honest assessment of 
an individual’s risk to return to a prior state of 
need. Physician input is very important so that 
patients can understand the disease process, 
anticipate the potential for regression, and to dis-
cuss the risk of discontinuing devices such as 
percutaneous feeding tubes in the event they may 
be needed in the future.

When percutaneous feeding tubes have been 
inserted and the risk for regression is high, it is 
prudent to maintain access devices for a suffi-
cient period of time beyond their need to ensure 
patients are reliably obtaining nutrition by mouth. 
Percutaneous tubes that have been inserted into 
an intestine segment where no prior tube existed 
should not be removed before 4 weeks have 
passed from the initial placement in order to 
allow the tract to mature, and longer time periods 
may be necessary if conditions that can delay 
wound healing are present [71]. If the enteros-
tomy tract has matured, the medical risk of 
removal is much less [72]. While there is no for-
mal recommendation for how long the device 
should be maintained after a patient is eating 
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orally, 4–8  weeks of independent oral intake is 
often sufficient to notice gross weight trends that 
could signal concern. If patients have underlying 
medical comorbidities that would make reinser-
tion of an access device difficult, they can be 
offered a low-profile feeding tube in exchange for 
a traditional feeding tube that can serve as a 
“place holder” in the event enteral access is 
needed in the future [32, 73]. Low-profile percu-
taneous tubes are often called “button” tubes 
because the external portion of the device resem-
bles a clothing button in both shape and size. If 
patients do not have significant drainage or local 
complications at the enterostomy site, these low-
profile devices are often unobtrusive and well tol-
erated. They can provide reassurance and relieve 
some of the pressure of oral feeding if clinical 
conditions deteriorate.

Feeding tubes can be manufactured from sili-
cone, latex, or polyurethane, and they require 
exchange due to normal wear and tear [74]. 
Fungal overgrowth in enteral feeding devices can 
occur where fungal colonies create a biofilm on 
the external tube segment. This is usually mani-
fested as “beading” of the tube extension and vis-
ible off-white or even black deposits that cannot 
be flushed. While this is not harmful to the 
patient, it can weaken the integrity of the tube 
itself, and it is a sign that the tube should be 
exchanged [9]. Manufacturer guidelines gener-
ally recommend exchanging replacement feeding 
tubes every 3–6 months.

Cessation of PN can occur when patients are 
consistently meeting most of their caloric and 
hydration needs by an oral or enteral route. There 
is usually no need to “wean” PN support in the 
sense that once alternative nutrition is sufficient, 
no further PN infusion is necessary. This mile-
stone may be clear in patients who have transi-
tioned to alternative means or regained bowel 
function, but in patients who have sustained a 
significant amount of intestinal loss and are sus-
pected of having short bowel syndrome, it may 
be much more difficult to determine when PN 
support is no longer needed [75]. Additionally, 
the risk of maintaining central venous access, 
even if the device is not utilized, is higher than 
maintaining a non-utilized enteral feeding device 

as central venous catheters remain a constant 
risk for infection and thromboembolism. 
Unfortunately it can take a year or more before 
the intestine achieves maximal absorptive capac-
ity in patients with short bowel syndrome [76]. 
This process is called intestinal adaptation. 
Patients with some ileum and/or colon remain-
ing are more likely to achieve intestinal auton-
omy and independence from PN as the ileum has 
a remarkable ability to adapt to increased absorp-
tive demands, and the colon is crucial for reab-
sorbing fluid and electrolytes. Patients with little 
ileum or only jejunum remaining, however, may 
not have sufficient intestine left to meet nutrition 
and hydration needs without parenteral support. 
Gross cutoffs regarding the length of remaining 
intestine after massive resection are often used 
as guides, with authors quoting 110–130 cm of 
small bowel alone or 70–90 cm of small bowel in 
continuity with the colon as being at risk for 
needing long-term PN [77, 78]. However, com-
pliance with diet, environment, and other comor-
bidities result in a wide degree of variation in the 
ability of short bowel syndrome patients to 
achieve intestinal autonomy after a major insult 
[78]. The level of the amino acid citrulline has 
been studied as a prognostic indicator of the 
ability to achieve intestinal autonomy. Studies of 
patients with short bowel syndrome have sug-
gested that levels above 20  μmol/L correlate 
with the ability to discontinue PN therapy after 
an initial period of adaptation with a sensitivity 
of 82.5% and a specificity of 82% [79, 80].

Teduglutide is a synthetic glucagon-like- 
peptide 2 agonist that has been FDA approved to 
treat short bowel syndrome. Though the main 
benefit of Teduglutide in randomized controlled 
clinical trials was a reduction in the weekly need 
for parenteral therapy, some patients, including 
some with ultra-short intestinal segments, were 
able to completely discontinue PN therapy [75]. 
This has even been demonstrated after signifi-
cant time has passed from the initial insult. 
Teduglutide is a once daily subcutaneous injec-
tion, and it must be continued indefinitely to 
maintain the clinical benefit. Many of the risks 
of Teduglutide are related to its primary mecha-
nisms of action as a growth factor; as such, sig-
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nificant increases in absorptive capacity and area 
can cause stomal swelling or obstruction and 
fluid overload. The potential to induce neoplasia 
is also a concern as colon polyps have been fre-
quently seen, and there are case reports of malig-
nancies occurring in those on Teduglutide 
therapy. Active GI malignancy is a contraindica-
tion to therapy, and GI endoscopy visualizing the 
remaining bowel is required prior to initiation 
and routinely thereafter to survey for the devel-
opment of colon polyps [77].

Patients who are unable to return to oral feed-
ing should maintain contact with nutrition sup-
port providers [33]. Patients requiring EN and 
PN should be monitored for vitamin deficiencies, 
particularly if EN or PN is the sole source of 
nutrition. Most adult patients requiring EN for 
the majority of nutrition needs or those on long- 
term PN will obtain the equivalent of a daily mul-
tivitamin, but specific deficiencies may develop 
due to the low levels of some nutrients in com-
mercial EN and PN multi-vitamin formulas. 
Also, patients on semi-elemental EN formula-
tions utilizing mostly medium-chain triglycer-
ides are at risk of developing an essential fatty 
acid deficiency [81].

One of the most common and dreaded compli-
cations of long-term PN therapy are catheter- 
related infections. These can be referred to as 
either central line-associated blood stream infec-
tions (CLABSIs) or catheter-related blood stream 
infections (CRBSIs), and occur at a rate of 0.85 
episodes per 1000 catheter days (CRSBI) to 1.65 
episodes per 1000 catheter days (CLABSI) [82]. 
Both terms indicate catheter-related infections, 
but the definitions and clinical use are slightly 
different [82]. Catheter-related infections result 
in a significant degree of morbidity, mortality, 
and cost. Ethanol and taurolidine line locks are 
small amounts of medical-grade chemical solu-
tions instilled into the lumen of a central venous 
catheter, and they have been shown to substan-
tially reduce the incidence of CLABSI and 
CRBSI in patients on long-term PN [83]. 
Taurolidine locks are recommended for use by 
ESPEN [84]. However, neither therapy is 
approved for use in the United States, and tauro-
lidine is not commercially available [82]. Other 

complications of long-term PN include hypergly-
cemia; micro and macronutrient deficiencies; 
metabolic bone disease; non-infectious venous 
and venous access device complications such as 
thrombosis, clogging, stenosis, or loss of central 
venous access; and intestinal failure-associated 
liver disease (also known as PN-associated liver 
disease or PN cholestasis) [85]. These are further 
detailed in Chap. 18.

 Conclusions

This very broad overview only touches the sur-
face of MNT, but many of the details such as 
tools for nutrition screening and assessment, 
the nature of MNT prescriptions, choices of 
therapy in specific disease processes, assessing 
and treating vitamin deficiencies, and more in-
depth understanding of enteral and parenteral 
support are provided in other chapters. Perhaps 
the greatest resources, however, are the experi-
enced practitioners of one’s local nutrition sup-
port team who are indefatigable advocates for 
ensuring that all patients receive nutrition sup-
port as a crucial component of care and 
recovery.
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 Diseases of the Oropharynx 
and Esophagus

The major role of the oropharynx and esophagus 
is to successfully and safely transport the food we 
ingest to the areas of the gastrointestinal tract 
where digestion and absorption occur. Through a 
series of coordinated motions, a bolus of food is 
ushered by the pharyngeal muscle safely past the 
upper esophageal sphincter (UES), ensuring that 
liquid and food are not accidentally brought into 
the trachea and lungs. The food bolus is propelled 
down the esophagus by first skeletal and then 
smooth muscle peristaltic contractions, which 
places this bolus into the distal esophagus where 
the relaxation of the lower esophageal sphincter 
(LES) allows the food to enter the stomach. 
While the purpose of these organs may be 
straightforward, the disruption of this process can 
lead to a multitude of symptoms.

Physicians manage multiple symptoms sug-
gestive of oropharyngeal and esophageal disor-

ders including dysphagia, heartburn, chest pain, 
regurgitation, cough, and sore throat. In particu-
lar, it can be challenging to differentiate between 
oropharyngeal (transfer) and esophageal dyspha-
gia. Oropharyngeal dysphagia is often a present-
ing symptom of central process, like stroke, or a 
musculoskeletal disorder, such as ALS. It is often 
associated with “choking while eating,” chronic 
cough, and/or sore throat. Esophageal dysphagia 
typically is described as a patient sensing food or 
liquid getting “stuck” in the middle of the chest 
and/or having slow transit of bolus to the stom-
ach. Emergencies such as food impactions, where 
the food bolus is stuck in the esophagus prevent-
ing the passage of saliva and food, can occur, 
often requiring endoscopic intervention.

Both forms of dysphagia can restrict the 
amount and/or types of food that are able to be 
ingested safely by a patient. This can lead to 
weight loss, nutrient and vitamin deficiencies, 
and generalized symptoms such as fatigue and/or 
weakness. This next section of the chapter 
focuses on esophageal disorders and dysphagia.

 Eosinophilic Esophagitis

Eosinophilic esophagitis (EoE) is a chronic 
immune-mediated, allergic disorder that is char-
acterized by the infiltration of eosinophils into 
the esophagus, resulting in esophageal dysfunc-
tion [1]. Typical symptoms of EoE may include 
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dysphagia, heartburn, and food impactions in 
adults. Meanwhile, children may have additional 
symptoms including nausea, vomiting, abdomi-
nal pain, and weight loss. Diagnosis may be sus-
pected in the case of typical endoscopic findings 
including esophageal furrows, rings, exudate, 
and/or strictures but is only confirmed on histol-
ogy with biopsies of the esophagus demonstrat-
ing at least 15 eosinophils per high-power field.

While initially diagnosed predominantly in 
children, there has been an increase in the overall 
incidence and prevalence of the disease in adults 
[2]. The pathophysiology of EoE is incompletely 
understood, but it is suspected to be a multi-hit 
pathway [3]. This pathway includes esophageal 
allergen exposures via food antigens, aeroaller-
gens, and potentially environmental factors. This 
exposure, coupled with a genetic predisposition, 
leads to decreased barrier function in the esopha-
gus and heightened cellular recruitment and pro-
liferation, generating an acute inflammatory 
reaction. This cascade, in turn, leads to acute 
inflammation in the esophagus and potential for 
fibrostenotic progression to strictures and ulti-
mately a small-caliber esophagus. In addition to 
the above, the active inflammation of EoE likely 
has an impact on esophageal motility. These 
changes can lead to difficulty in propelling food 
through the esophagus to the stomach and result 
in limited oral intake.

Standard-of-care treatments for EoE include 
proton pump inhibitors (PPIs), topical steroid 
therapy, and dietary interventions which all aim 
to reduce the inflammation in the esophagus [4]. 
A review of these dietary treatment options will 
be discussed here and can be found in Table 5.1.

 Six-Food Elimination Diet

The six-food elimination diet (SFED) is the 
empiric elimination of milk, wheat, soy, eggs, 
tree nuts/pine nuts, and seafood/shellfish [5]. 
These are the most common dietary allergens and 
are implicated in the development of EoE.  By 
eliminating this combination of dietary allergens, 
patients do not continue along the pathway of 
inflammation in the esophagus, leading to 

improved symptoms and a decrease of eosino-
phils to normal ranges. With adherence to the 
entire SFED, a 2017 meta-analysis demonstrated 
that patients are able to achieve histologic 
response rates upwards of 75–80% as well as a 
symptom response in upwards of 85% of patients 
[6]. After elimination of food groups and confir-
mation of histological remission on endoscopy, 
foods are re-added by the patient and their clini-
cal team until specific triggers are identified. This 
process requires multiple endoscopies but allows 
patients to expand their dietary options over time, 
improving compliance and sustainability.

Embracing the SFED can be a daunting task for 
patients, as it significantly limits food options, can 
create social anxiety, and can be very expensive 
[7]. Other studies have looked at starting with 
more limited diets that patients may be able to tol-
erate. For example, a European study published in 
2018 demonstrated that a twofood elimination diet 
of milk and wheat can lead to clinico-histologic 
remission in 43% of patients and a four-food elim-
ination diet of milk, wheat, soy, and eggs can 
achieve remission in 62% of patients [8]. This 
“step-up” algorithm may be better tolerated by 
patients and lead to fewer endoscopies.

 Elemental Diet

The purpose of this diet is similar to the six-food 
elimination diet in that it eliminates specific food 
intake to avoid allergens. Patients consume an 
elemental feeding formula which eliminates all 
ingested proteins and only delivers single amino 
acids. A meta-analysis published in 2014 exam-
ined the effectiveness of this approach, showing 
that clinico-histologic response was approxi-
mately 90% [9]. However, this diet is socially 
restrictive and expensive and has significant limi-
tations with implementation in clinical practice. 
It is rarely used in adults.

 Allergy Testing-Directed Diet

Given the pathogenesis of EoE, significant inter-
est has been paid to allergy testing and the subse-
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quent elimination of those allergens from the 
diet. Typically, allergy testing is done via skin 
prick tests and atopy patch tests. Initial studies in 
the pediatric population resulted in remission in 
approximately 50% of patients [10]. However, 
subsequent studies in the pediatric population 
have not shown any data approaching that level 
of efficacy. In the adult population, remission 
rates have been between 22% and 33% [11]. 
Given these results, allergy testing-directed elim-
ination diets are not routinely recommended as 
the sole therapy in EoE; however, additional 
studies are ongoing to see if new assays and test-
ing of additional environmental triggers may 
improve efficacy.

 Achalasia

Achalasia is an esophageal disorder character-
ized by the inability of the LES to relax and the 
presence of abnormal esophageal peristalsis [12]. 
As a result of these changes, both solid food and 
liquids have difficulty entering the stomach and 
can sit in the esophagus for an extended time. 
Symptoms of achalasia include dysphagia to sol-
ids and liquids, regurgitation, chest pain, and 
potentially weight loss.

The development of achalasia is driven by the 
functional loss of the myenteric plexus in the distal 
esophagus, predominantly at the LES [13]. 
Specifically, there is a loss of the inhibitory post-
ganglionic neurons most commonly associated 
with the nitric oxide neurotransmitter. The loss of 
inhibitory control results in unopposed stimulation 
of the esophageal muscle and thus impaired relax-
ation of the LES. The exact trigger for the loss of 
the myenteric plexus is incompletely understood, 
but a post-infectious viral state is suspected to play 
a role. Chagas disease, due to the parasite 
Trypanosoma cruzi, has also been documented to 
cause the destruction of the myenteric plexus 
resulting in an achalasia-like syndrome.

Given the difficulty with swallowing and 
impaired passage of food from the esophagus 
into the stomach, it is reasonable to assume that 
dietary modifications may play a role in treat-
ment. Patients often present with weight loss, and 
this can serve as a marker of disease severity 
[14]. A 2018 study examined the impact of acha-
lasia on overall nutritional risk [15]. The research-
ers found that even though 69.8% of patients 
were characterized as obese on presentation, 
about 50% of patients were at moderate or high 
risk for malnutrition based on validated assess-
ment tools.

Table 5.1 Overview of the efficacy of elimination diet treatment options for eosinophilic esophagitis [5]

Details of elimination diet Limitations
Histologic 
remission

Elemental diet Elemental formula with only single amino 
acids

Expensive
Not universally covered by 
insurance
Quality of life impairment
Difficult to continue 
long-term

90%

Six-food elimination 
diet (SFED)

Milk, wheat, egg, soy, tree nuts/pine nuts, 
seafood/shellfish

Expensive
Socially restrictive

72–80%

Two-food elimination 
diet

Milk, wheat Less effective than SFED
May result in delay to 
histologic remission

38–44%

Milk elimination Milk Less effective in adults 18–22% in 
adults
35–56% in 
children

Allergy testing- 
directed diet

Elimination diet based on results of skin 
prick/atopy patch allergy testing

Positive study results not 
reproducible
Varied testing results

7–35% in 
adults
48% in 
children
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Limited data is available regarding dietary 
modifications with achalasia. Specific foods may 
be triggers for individuals, and typically patients 
are advised to avoid them. Patients are  encouraged 
to modify eating habits including eating in an 
upright position, maximizing time between last 
meal and laying down, and potentially using liq-
uid chasers after each swallow of solid food if 
they predominantly have dysphagia to solids 
[16]. However, no specific dietary intervention 
has been shown to improve symptoms of disease 
and definitive therapy including surgical or endo-
scopic myotomy and/or dilation is usually 
necessary.

 Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) is the 
most common gastrointestinal complaint encoun-
tered in the outpatient setting in the United States, 
affecting up to a quarter of the American popula-
tion [17]. GERD is defined as the exposure of 
esophageal mucosa to refluxed stomach contents 
that results in troublesome symptoms or compli-
cations for the patient. These symptoms may 
include heartburn, regurgitation, belching, and 
cough. In addition, untreated GERD can lead to 
complications or other disease states including 
stricture formation, bleeding from erosive esoph-
agitis, Barrett’s esophagus, and esophageal 
adenocarcinoma.

The major physiologic cause of GERD is tran-
sient lower esophageal sphincter relaxation 
(TLESR) [18]. The lower esophageal sphincter 
(LES) is not a single muscle, but rather the com-
posite of multiple anatomical mechanisms 
including thickened longitudinal and circular 
muscles of the esophagus and the external pinch 
of the diaphragm. The LES has intrinsic tone that 
helps maintain contraction, which can be affected 
by oral intake. Additionally, TLESRs occur sec-
ondary to gastric distention from ingestion of 
food and air. Multiple factors can increase one’s 
propensity for GERD including structural issues 
(i.e., hiatal hernia), patient-specific attributes 
(i.e., obesity), and an increase in TLESR fre-
quency from medications or specific foods.

While PPIs have been used as first-line medi-
cal therapy for gastroesophageal reflux disease 
for years, new evidence concerning the harms of 
using long-term PPIs have prompted renewed 
investigation and research into lifestyle modifica-
tions, which have varying levels of supporting 
evidence. Weight loss, tobacco cessation, and 
head of bed elevation are routinely recommended 
and supported in the literature; however the array 
of recommended dietary modifications have 
varying and often conflicting support. This sec-
tion will highlight common dietary modifications 
that may have a role in GERD management.

 Eating Patterns

It is generally recommended that patients with 
GERD eat dinner at least 3 hours prior to sleep-
ing. Several studies have looked at supine esoph-
ageal acid exposure along with symptoms of 
heartburn; the majority of which demonstrate 
that a shorter meal-to-bed time frame is associ-
ated with higher supine esophageal acid exposure 
and increased self-reporting of GERD symptoms 
[19, 20]. Therefore, in symptomatic patients, it is 
reasonable to suggest avoiding late-night meals 
in an effort to improve symptoms.

There have also been studies that have looked 
at meal density and its relation to GERD symp-
toms. A large 2017 Korean population-based sur-
vey found a positive correlation between total 
energy intake and reflux symptoms [21]. A 
smaller 2002 study of 13 patients who were fed 
meals with varying caloric content found that 
participants who ate higher-calorie meals experi-
enced more reflux episodes and had higher 
esophageal acid exposure as measured by intra- 
esophageal pH monitoring [22]. These studies 
are limited but suggest that eating discrete meals 
with fewer total calories may be beneficial in 
improving reflux symptoms.

 Carbohydrate Intake

Carbohydrates are only partially absorbed in the 
small bowel and are later fermented by colonic 
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bacteria. This fermentation process can cause an 
increase in TLESR and therefore may contribute 
to GERD symptoms. Several recent studies have 
shown that a low-carbohydrate diet is associated 
with reductions in esophageal acid exposure time 
along with improvement in GERD symptoms. A 
2018 study with 130 patients found that after fol-
lowing a low glycemic index diet for 2  weeks, 
participants reported statistically significant 
improvement in their GERD symptoms [23]. 
This suggests a potential role for a low- 
carbohydrate diet in GERD. Of note, a confound-
ing variable in these studies may be weight loss 
as BMI is independently associated with reflux 
symptoms.

In addition to above, an increase in fiber spe-
cifically may be beneficial. There are several 
small studies that suggest that increased fiber 
intake is associated with a reduction in GERD 
symptoms [24, 25]. The mechanism of this clini-
cal benefit is hypothesized to be through dietary 
fiber’s ability to bind to nitric oxide and subse-
quently decrease its negative effect on LES pres-
sure. Despite small study sample sizes, ensuring 
adequate fiber intake in favor of simple sugars 
may be of benefit.

 Fat Intake

The data regarding fat intake and its relation to 
GERD symptoms is variable. There are a few 
small studies that compare isocaloric high-fat 
meals versus low-fat meals which have reported 
high-fat meals are associated with increased 
esophageal acid exposure. For example, in a 1996 
study, 20 asymptomatic subjects underwent intra- 
esophageal pH monitoring during a 3-hour post- 
prandial period after consuming either a low-fat 
or high-fat diet. The researchers found that those 
who consumed a high-fat diet had significantly 
longer acid exposure time compared to the low- 
fat cohort [26].

Other studies contradict this. In a recent study 
from 2018, participants were assigned to receive 
a high-fat meal (50% of the calories) versus a 
low-fat, isocaloric meal (10% of the calories). 
There was no difference in the number of reflux 

episodes experienced among the study partici-
pants [27]. Additionally, analysis of the NHANES 
I database, a cohort of 12,349 nursing profession-
als followed from 1971 through 1993, found no 
correlation between dietary fat intake and reflux 
symptoms [28]. Given this information, more 
research is needed to clearly delineate the effect 
of increased fat on reflux symptomatology.

 The Mediterranean Diet

The Mediterranean diet, which consists of whole 
grains, fish, vegetables, monounsaturated fats, 
and moderate alcohol, has been studied as an 
effective comprehensive diet that can both pre-
vent and reduce the development of many chronic 
diseases [29]. A recent cross-sectional study con-
ducted in Albania found that people who fol-
lowed a Mediterranean diet were less likely to 
report GERD symptoms, even after correcting 
for demographic and lifestyle factors [30]. 
Similar findings were published in a recent Greek 
case-control study that found that individuals 
who adhered to a Mediterranean diet were less 
likely to have gastrointestinal diseases including 
GERD, Crohn’s disease, ulcerative colitis, or IBS 
[31]. These findings suggest that a Mediterranean 
diet, which encompasses many of the previously 
mentioned dietary modifications including high 
intake of fiber and low intake of processed sug-
ars, may be associated with less gastroesophageal 
reflux (GER) symptoms.

 Caffeine

A decrease in caffeinated beverages is often rec-
ommended to patients to minimize GERD symp-
toms. In small studies, caffeine has been shown 
to decrease the resting LES pressure as well as 
the number of contractions of the distal esopha-
gus  – both potentially leading to GERD symp-
toms [32]. Despite the theoretical impact of 
caffeinated beverages on GERD symptoms, pre-
sented data regarding association has had mixed 
results. A 2014 meta-analysis of pooled data 
from 15 case-control studies found that there was 
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no significant association between coffee intake 
and GERD based on endoscopic findings and 
reported symptoms [33]. In this study, no correla-
tion was seen between the amount of caffeine 
consumed and the number of reported symptoms. 
A more recent 2019 study pooled data from the 
Nurses’ Health Study II on almost 50,000 
patients, showing consumption of coffee, tea, or 
soda was associated with an increase in reflux 
symptoms. In subsequent analysis, replacement 
of two servings of water for two servings of either 
coffee, tea, or soda was also associated with a 
reduced risk of GERD symptoms [34]. 
Interestingly, decaffeinated tea was additionally 
implicated, implying other substances that are 
found in decaffeinated and herbal teas may also 
induce symptoms.

Review of this data suggests that reduction of 
coffee, tea, and soda may be beneficial for 
patients who experience GERD and may reduce 
their symptoms. A limitation to these studies, 
however, is the lack of data regarding carbonated 
drinks alone. Further research is needed about 
whether carbonation itself, without caffeine, is 
independently related to an increase in GERD- 
like symptoms.

 Alcohol

Alcohol has also been proposed to increase the 
frequency of TLESRs [35]. The most recent 
meta-analysis suggests that there may be a 
dose- dependent association between alcohol 
consumption and GERD symptoms, with a 
stronger effect noted for those patients with 
evidence of reflux esophagitis on endoscopy 
[36]. There was also a correlation between 
drinking alcohol frequency (greater than three 
to five times per week) and the presence of 
GERD. Of note, the included studies that relied 
solely on patient-reported symptoms did not 
find any statistically significant association 
between alcohol intake and GERD.  Overall, 
recommending reduction and/or abstinence 
from alcohol for patients with GERD is contro-
versial, though may have benefits in some.

 Other Foods

Other foods including chocolate and mint have 
been associated with rapid LES relaxation and 
therefore thought to induce GERD symptoms 
[37]. However, the limited studies available have 
not shown a significant correlation with increased 
intake of these foods and reflux.

Spicy foods are thought to cause direct irrita-
tion to the esophageal mucosa and therefore can 
mimic heartburn symptoms. A cross-sectional 
study from Iran showed that men who ate spicy 
food more than ten times per week were almost 
three times as likely to have heartburn compared 
to men who never ate spicy food, although this 
effect was not seen in women [38]. In select 
cases, reduction of spicy food intake may be of 
benefit, particularly in men.

 Rumination Syndrome

Rumination disorder is the repeated regurgita-
tion of food that is consumed either during or 
immediately after eating, followed by the re-
chewing, re-swallowing, or expulsion of the 
material from the mouth. It is thought that 
patients typically experience a pressure or dis-
comfort in either their esophagus or stomach 
after eating: a sensation called the premonitory 
urge. This leads to habitual contraction of the 
abdominal wall so that food contents in the 
stomach travel up the esophagus into the mouth, 
where they are then re-chewed, re-swallowed, 
or spit out. The premonitory urge disappears 
once the abdominal wall contraction begins, and 
this repetitive process can begin again. 
Rumination disorder can lead to complications 
such as dental erosions, weight loss, electrolyte 
disturbances, and psychosocial effects [39].

While the nuances of rumination syndrome 
are still not well understood, there are some 
reports that individuals are more likely to experi-
ence regurgitation after the consumption of spe-
cific foods [40]. Rumination may occur with the 
ingestion of either liquids or solids, but no studies 
to date have looked at associations between spe-

A. Ganti and M. J. Whitson



79

cific foods and the trigger or alleviation of rumi-
nation symptoms.

 Disease of the Stomach

The stomach plays a central role in digestion and 
ultimate absorption of many nutrients. While 
mastication begins the physical digestion of food 
in the oropharynx, the churning and grinding of 
the stomach muscles assist with further digestion 
via mixing with gastric and salivary secretions 
that aid in chemical breakdown. Chief cells 
secrete pepsinogen and gastric lipase to promote 
continued metabolism of proteins and fats, while 
parietal cells secrete hydrochloric acid (HCl) and 
intrinsic factor, which further digestion and vita-
min B12 absorption. The antrum and the pylorus 
of the stomach work to purposefully empty these 
digested contents from the stomach into the small 
intestine where they are absorbed.

Given the multiple functions of the stomach, 
there are a number of presenting symptoms that 
may be suggestive of a gastric disorder. These 
include abdominal pain, nausea, vomiting, early 
satiety, and weight loss. The inability to properly 
digest both proteins and fats can contribute to 
malnutrition and vitamin deficiencies. In addi-
tion, the symptoms of gastric disorders may limit 
the amount of food a patient is able to tolerate 
contributing to weight loss and malnutrition. 
More so than other areas of the GI tract, disor-
ders of the stomach often have dietary interven-
tions that can minimize symptoms and maximize 
nutritional benefit. The next part of this chapter 
will review the data for these potential 
interventions.

 Gastroparesis

Gastroparesis is characterized by objectively 
quantified delayed gastric emptying in the 
absence of any mechanical obstructive cause 
[41]. Symptoms include nausea, vomiting, early 
satiety, and bloating and less commonly abdomi-
nal pain and belching. While the pathophysiol-

ogy of gastroparesis remains poorly understood, 
there are certain etiologies that are clearly associ-
ated including diabetes, post-viral syndromes, 
and post-surgical complications.

Normal functioning of the stomach depends 
on the coordination between smooth muscle, 
autonomic nerves, and the interstitial cells of 
Cajal (ICC) that trigger fundic and antral con-
tractions with an associated relaxation of the 
pylorus  – the sphincter muscle connecting the 
stomach and small intestine. The ICC function as 
the pacemakers of the gut, regulating smooth 
muscle contractility by interacting with enteric 
nerves that produce excitatory and inhibitory sig-
nals. In gastroparesis, there appears to be a loss 
of ICC function, possibly secondary to expres-
sion of nitric oxide related to immune injury [42]. 
This loss of function in turn causes delays in gas-
tric emptying which can precipitate the afore-
mentioned symptoms of gastroparesis. 
Complications of gastroparesis may include 
severe malnutrition secondary to the inability to 
tolerate food by mouth with subsequent nutri-
tional deficiencies and inadequate hydration [43].

Treatment for gastroparesis is often multi- 
pronged. Options include dietary modifications, 
reversing the underlying etiology if identified 
(i.e., improved glycemic control), medication 
therapy (i.e., prokinetic agents), endosurgical 
procedures (i.e., pyloric myotomy), and direct 
gastric electrical stimulation via pacemaker. We 
will review the evidence behind some of the pro-
posed dietary modifications below.

 Diet Consistency

Patients with gastroparesis typically empty liq-
uids easier than solids. This is because liquids of 
low caloric density empty through the pressure 
gradient between fundic tone and the pylorus. 
High-calorie liquids also rely on this pressure 
gradient, though emptying may be slower. Solid 
foods, in contrast, require antral contraction until 
the particle size is less than 2 mm before empty-
ing can begin [44]. Given this information, liquid 
and pureed foods have been recommended to 
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patients with gastroparesis, as they may be better 
tolerated. A small study in patients with gastropa-
resis published in 2015 found that solid meals 
were associated with increased and longer- lasting 
nausea when compared to liquid meals [45]. 
While this study had a small sample size (n = 12), 
it may be reasonable to recommend liquid meals 
either as primary or supplemental nutrition if 
patients are highly symptomatic and/or unable to 
meet their caloric needs with solid options.

 Small Particle Diet

A recent study found that a “small particle size 
diet” significantly reduced the severity of nausea, 
bloating, and post-prandial fullness in patients 
with gastroparesis [46]. This randomized con-
trolled trial enrolled a total of 56 patients who all 
had diabetic gastroparesis. The foods that were 
recommended in the intervention group included 
foods that could be easily processed into small 
particles, such as pureed vegetables and beans, 
soft fruits, and seafood. Foods that were excluded 
and more routinely consumed in the control group 
included fresh and raw vegetables, rice and pasta, 
and nuts. More data is needed, but this diet may be 
of some benefit in this patient population.

 Fat Intake

Fat intake increases cholecystokinin release, 
which can delay the rate of gastric emptying. As 
such, a low-fat diet is often recommended for 
gastroparesis. A 2015 study looked at patient 
symptoms after consuming high-fat solid, low-fat 
solid, high-fat liquid, and low-fat liquid diets 
[45]. Participant surveys revealed that patients 
reported the most symptoms with a high-fat solid 
diet and the least symptoms with a low-fat liquid 
diet. Even among the same diet type (solid versus 
liquid), the high-fat diets were associated with 
more symptoms compared to the low-fat diets. 
Similar results were obtained from another 2015 
study that surveyed 45 patients with gastroparesis 
and asked them to fill out a food toleration and 
aversion survey [47]. This study found that pro-
voking foods had a higher fat content than allevi-

ating foods on average. Despite the small study 
sizes, it is reasonable to include this recommen-
dation in treatment plans.

 Carbohydrate Intake

Limited research is available regarding carbohy-
drate intake and gastroparesis. A recent study 
that surveyed 45 gastroparesis patients regard-
ing food tolerances and aversions found 
carbohydrate- heavy, low-fiber foods were better 
tolerated and less symptom provoking than 
other options. This diet included white potatoes, 
white rice, and pretzels [47]. As such, patients 
with gastroparesis are often recommended to 
avoid high-fiber foods as they slow gastric emp-
tying and are associated with an increased risk 
of forming a bezoar. The same study cited above 
found that the fiber content among the symp-
tom-triggering and symptom- alleviating foods 
was actually similar. While further data is nec-
essary, some patients with gastroparesis may 
benefit from increasing their intake of low-fiber 
carbohydrates.

 Cyclic Vomiting Syndrome

Cyclic vomiting syndrome (CVS) is character-
ized by recurrent episodes of nausea and vomit-
ing, often accompanied by severe abdominal 
pain. In between these severe episodes of nau-
sea and vomiting, there are symptom-free peri-
ods for an extended time. While it is still unclear 
what exactly causes these episodes, they are 
thought to be triggered by a number of factors 
including infections, stress, and lack of sleep 
[48]. It appears that CVS is caused by a dys-
regulation in the brain-gut neural axis resulting 
in nausea and vomiting. An association with 
migraine headaches also suggests a neurologi-
cal component.

There are some reports that certain foods, 
such as cheese and chocolate, may provoke epi-
sodes leading to recommendations to avoid these 
triggers [49]. However, no trials to date have 
studied dietary triggers or treatment strategies in 
this population.
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 Atrophic Gastritis

Atrophic gastritis (AG) is a chronic condition of 
the stomach characterized by the loss of healthy 
gastric glands and subsequent replacement with 
intestinal metaplasia, pseudopyloric metaplasia, 
and potentially fibrosis [50]. It is typically caused 
either by an autoimmune reaction or by a chronic 
infection with Helicobacter pylori. Regardless of 
the cause, AG can lead to the malabsorption of 
multiple vitamins, especially iron and B12.

Autoimmune AG is the result of TH1 cytotoxic 
cells attacking the parietal cells of the stomach, 
which reduces production of hydrochloric acid and 

intrinsic factor [51]. When Helicobacter pylori 
infection is the cause, there is a localized destruc-
tion of gastric glands which progresses in a pathway 
leading initially to chronic superficial gastritis, then 
to gastric atrophy, and finally to intestinal metapla-
sia [52]. Although autoimmune AG spares the gas-
tric antrum, while Helicobacter pylori-associated 
AG does not, they can be difficult to distinguish 
clinically. Dyspepsia, vitamin deficiencies, and gas-
tric malignancies can occur in both types of AG.

Dietary interventions in this population are 
limited. The first major approach is to replace the 
vitamins lost through malabsorption – typically 
vitamin B12 and iron (Fig. 5.1). The destruction 
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Fig. 5.1 (a) Pathway for normal absorption of vitamin 
B12 and iron. (b) The effect of atrophic gastric on absorp-
tion of vitamin B12 and iron. Atrophic gastritis results in 
destruction of parietal cell results in (1) decreased HCl 

secretion leading to inability to free vitamin B12 and iron 
from food contents for absorption and (2) loss of intrinsic 
factor necessary for absorption of vitamin B12 in the ter-
minal ileum
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of parietal cells and gastric glands in AG can 
result in B12 malabsorption in two ways. First, 
the destruction of parietal cells leads to reduced 
production of intrinsic factor, a binding protein 
necessary for successful B12 absorption in the 
terminal ileum [53]. Second, the destruction of 
parietal cells and gastric glands can lead to lim-
ited binding of haptocorrin to free B12  in the 
stomach. While B12 deficiency is classically 
associated with AG, studies have demonstrated 
iron deficiency is also present in 50% of patients 
[54]. The resulting achlorhydria from the destruc-
tion of parietal cells impairs the solubilization 
and reduction of food iron, resulting in decreased 
absorption.

The most feared consequence of AG is the 
development of gastric cancer – both adenocarci-
noma and neuroendocrine tumors of the stomach 
have been implicated. There have been associa-
tions between salt and salt-preserved foods with 
gastric cancer, and therefore a low-salt diet is 
typically recommended in patients with risk fac-
tors for developing cancer [55]. In addition, stud-
ies demonstrate an increased risk of gastric 
cancer in diets rich in red and processed meats 
and other nitroso compounds (compounds con-
taining an -NO group) [56]. As such, in patients 
with AG, a recommendation of a low-salt, limited 
red-meat diet may be of benefit. The impact of 
diet on gastrointestinal cancers is discussed in 
future chapters.

Other dietary interventions for patients with 
AG are used typically to modify the resulting 
symptoms such as dyspepsia. These interventions 
will be discussed in the next section.

 Functional Dyspepsia

Functional dyspepsia (FD) is a gastrointestinal 
disorder that is characterized by bothersome 
symptoms that may or may not be associated 
with food ingestion and does not have evidence 
of an organic or structural cause [57]. FD is often 
divided into subtypes: postprandial dyspeptic 
symptoms (PDS), epigastric pain syndrome 
(EPS), and an overlap condition of the two. PDS 

primarily manifests with bloating, early satiety, 
nausea, vomiting, and lack of appetite, while EPS 
typically manifests as upper abdominal pain with 
stomach cramps [58]. This is a clinical diagnosis 
that has been associated with significant impair-
ments in quality of life [59] and has a prevalence 
of approximately 10% in the general population 
[60]. Complications of FD may include weight 
loss and malnutrition secondary to poor oral 
intake [61].

The pathophysiology of FD is incompletely 
understood. Varied potential mechanisms have 
been suggested. There has been an association 
with impaired gastric motility – including both 
rapid and delayed emptying – and gastric com-
pliance [62]. In addition, there is a proposed 
mechanism of action between FD and visceral 
hypersensitivity [63]. While there may be sig-
nificant overlap between gastric emptying 
delays and hypersensitivity, there are additional 
studies that demonstrate patients with FD have 
hypersensitivity without any altered gastric 
motility [64].

It is suspected that FD, like many functional 
disorders, may be a result of an altered brain-gut 
axis. A 2012 population-based, telephone survey 
demonstrated a twofold increase in generalized 
anxiety disorder and a threefold increase in major 
depressive episodes in patients with FD as based 
on the Rome III criteria [65]. Older studies have 
reported an increased history of abuse as a child 
or adult in patients with FD as compared to the 
general population [66].

Additional data has suggested that the duode-
num may also play a role in FD. Patients with FD 
have a higher occurrence of increased eosino-
phils [67] and mast cells [68] in the duodenum 
than the general population. A 2019 study showed 
that in patients with FD, as compared to both 
patients with non-dyspeptic abdominal symp-
toms and to healthy patients, there was an 
increase in interleukin IL-1B and a decrease in 
zonula occludens-1 [69]. Both are integral to the 
mucosal barrier function of the duodenum.

The microbiome has also been suggested as a 
possible cause of FD. Studies have demonstrated 
an increase in FD after previous bacterial infec-
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tions [70] or other episodes of acute gastroenteri-
tis. A 2013 meta-analysis demonstrated an 
estimated odds ratio of 2.18 of FD following an 
acute infectious gastroenteritis [71].

Regardless of the underlying cause, treating 
the symptoms of FD can be challenging and 
requires a multidisciplinary approach including 
medications such as neuromodulators, alternative 
interventions such as biofeedback or hypnother-
apy, prokinetics, probiotics, and dietary interven-
tions [72]. This last category of treatment will be 
discussed.

 Eating Patterns

Several studies have looked at meal frequency in 
patients with FD.  A 2016 cross-sectional study 
from Iran asked 4763 participants to report on the 
number of main meals and snacks they consumed 
daily [73]. They found that people who consumed 
six to seven total meals and snacks per day had 
lower odds of FD symptoms compared with those 
who ate <3 meals and snacks daily (OR 0.51). 
The findings of this study are similar to a 2009 
case-control study which showed patients with 
FD eat meals less frequently as compared to 
healthy individuals, possibly suggesting that 
those with FD understand that larger meals tend 
to induce symptoms [74]. Therefore, it may be 
reasonable to recommend to patients with FD to 
eat smaller, more frequent meals and snacks to 
help alleviate their symptoms.

 Caloric Intake and Dietary Volume

Small studies have suggested that the amount of 
calories and/or volume at meals may impact 
symptoms for patients with FD. The goal of this 
dietary modification is to address the impairment 
in gastric distension that may induce symptoms 
in patients with FD. In a small study of 62 total 
patients, patients with FD were found to have 
higher overall satiety scores with maximum sati-
ety occurring at lower calories as compared to 
normal controls [75]. Additional studies have 

shown patients with FD to have an impaired 
drinking capacity as compared to healthy con-
trols [76]. Given these studies, providers will 
often recommend low-volume meals to patients 
with FD. However, there are limited clinical stud-
ies demonstrating an improvement in symptoms 
with this dietary strategy.

 Low-FODMAP Diet

Among the most commonly identified food 
triggers recognized by patients with FD are 
fermentable oligosaccharides, disaccha-
rides, monosaccharides, and polyols 
(FODMAPs) which are carbohydrates that 
are poorly absorbed and osmotically active 
[77]. Foods high in FODMAPs include milk 
and certain kinds of fruits, vegetables, wheat 
and grain products, and soft drinks. 
FODMAPs have been shown to increase 
abdominal distension and can trigger dis-
comfort and bloating in patients with docu-
mented visceral hypersensitivity [78], a 
potential mechanistic cause of FD. Multiple 
studies have shown that a low-FODMAP 
diet improves overall dyspeptic symptoms in 
patients [79]; however, gluten-free diets are 
encompassed into low- FODMAP diets, 
which has led to some discussion as to what 
the driving force truly is for patient improve-
ment. In 2018, a systematic review con-
cluded that a low-FODMAP diet likely has 
an additive benefit over just a gluten- free 
diet for patients with FD [80].

 Gluten-Free Diet

Gluten-free diets (GFD), separate of low- 
FODMAP diets, also have some data as to their 
benefit. A retrospective study of 142 patients 
with dysmotility-like dyspepsia symptoms 
found significant improvement in their symp-
toms after going on a GFD [81]. It is worth not-
ing that a little over one-third of these patients 
had some component of enteropathy as well, 
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which may confound results. A separate study 
of definitively non-celiac patients with dyspep-
tic symptoms found improvement with a GFD 
[82]. Beyond the initial response, there was a 
secondary double- blind gluten or placebo cap-
sule crossover trial, with the majority of patients 
reporting worsening of well-being when on the 
gluten capsule.

The GFD may not benefit all patients, and 
studies may have confounding overlap with com-
mon dietary triggers of symptoms. For example, 
a 2013 double-blind crossover study initially 
placed subjects on a gluten-free, low-FODMAP 
diet for 2 weeks, followed by a 1-week diet rein-
troducing a variable amount of gluten (high, low, 
or placebo – i.e., no gluten). Universally, subjects 
had significantly improved symptoms when on a 
low-FODMAP diet, but the reintroduction of glu-
ten was not a universal cause of the return of 
symptoms, and the severity of symptoms recorded 
did not correlate to the amount of gluten ingested 
by the subject. The authors found gluten-specific 
effects only in a small number of the participants. 
This suggests that perhaps it is not only the glu-
ten but other fermentable carbohydrates that are 
found in gluten-containing grains that may be 
responsible for causing functional GI symptoms 
[83]. Further research is necessary to help clarify 
this issue.

 Dietary Fats

Dietary fats have been suggested as a potential trig-
ger for FD symptoms as well. The proposed mech-
anism of symptoms includes the slowing of gastric 
emptying and the triggering CCK [84]. In multiple 
studies, not only was the restriction of dietary fats 
shown to improve symptoms of dyspepsia [85], but 
the introduction of dietary fat was shown to trigger 
those symptoms [86]. A 2016 study had 168 FD 
patients, and 135 health control patients fill out 
short-term food frequency questionnaires [87]. 
They found that patients with FD reported their 
most common symptom- triggering food was fatty 
foods. As such, a low- fat diet is suggested for 
patients with FD in those who find benefit.

 Conclusion

The foregut is the initial site of food ingestion 
and the major driver of both chemical and 
mechanical digestion, ultimately serving an 
important function in overall nutritional status. 
Any dysfunction in these processes can result in 
major symptoms for patients as well as potential 
nutritional deficits. Whether it be through the 
elimination of specific foods, the replacement of 
vitamins insufficiently absorbed, or the modifica-
tion of food contents or consistency, dietary 
interventions have a role in helping patients 
address diseases of the foregut.
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Small Bowel and Colon

Parita Patel and Dejan Micic

 Introduction

Dietary modifications are important consider-
ations in patients who suffer from gastrointestinal 
disorders, especially those that affect the small 
intestine and colon. The role of diet in the patho-
genesis and management of gastrointestinal dis-
orders is an area of ongoing research. While 
conditions such as celiac disease (CeD) have a 
clear association with dietary antigens [1, 2], 
other gastrointestinal conditions such as inflam-
matory bowel disease (IBD) and diverticulitis 
lack clear improvements with alterations in diet. 
As both patients and medical providers seek 
guidance on natural and less-invasive manage-
ment strategies, further study of both the role of 
diet in the pathogenesis and management of gas-
trointestinal conditions is an area of utmost 
priority.

This chapter describes the role diet can play in 
the pathogenesis and treatment of several intesti-
nal disorders, namely CeD, diverticular disease, 
short bowel syndrome (SBS), IBD, and irritable 
bowel syndrome (IBS).

 Celiac Disease

 Introduction

Celiac disease (CeD) is an autoimmune disorder 
triggered by the ingestion of gluten in genetically 
susceptible individuals. This disease primarily 
affects the small intestine, but there is a broad 
spectrum of extra-intestinal clinical manifesta-
tions. Pathologically, the ongoing ingestion of glu-
ten (wheat, barley, rye) results in intestinal damage, 
characterized by villous blunting and increased 
intraepithelial lymphocytes, ultimately resulting in 
intestinal malabsorption [3]. Celiac disease affects 
approximately 1% of the general population, 
although the proportion of diagnosed patients var-
ies between countries [3–5]. For example, 
Germany (0.3%) has a lower prevalence compared 
to Sweden and Finland (2.4%). Celiac disease is 
also increasingly prevalent in northern India, 
where wheat consumption is higher compared to 
other regions in the country [4]. Throughout the 
world, prevalence of the disease continues to 
increase due to multiple factors including western-
ization of diet, changes in wheat production, and 
increased awareness of the disease [6].

 Pathogenesis

Both genetic and environmental factors play a 
large role in the predisposition to CeD. The HLA 
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DQ2 haplotype is expressed in 90% of patients 
with CeD compared to a 33% prevalence in the 
general population; the HLA DQ8 haplotype is 
expressed in another 5% of patients with CeD 
[6]. Once consumed, large, undigested gluten 
peptides enter the lamina propria of the small 
bowel in these genetically susceptible individu-
als. Tissue transglutaminase (TTG), the predomi-
nant autoantigen of CeD, deaminates these large 
gluten peptides and thereby “activates” the pep-
tides, allowing for binding to antigen presenting 
cells with DQ2 and DQ8 haplotypes [6]. This 
leads to stimulation of T cells and initiates the 
innate inflammatory cascade in the intestinal epi-
thelium mediated by additional immune signals 
that further recruit intraepithelial lymphocytes 
[3, 4, 7, 8].

 Clinical Presentation

Although CeD is a disease that results in small 
bowel enteropathy, it has a wide spectrum of 
intestinal and extra-intestinal manifestations. 
Clinical features result from the malabsorption of 
electrolytes, vitamins, and minerals within the 
proximal small bowel including iron, folic acid, 
calcium, and fat-soluble vitamins. Table  6.1 
shows the various nutrient and mineral deficien-
cies reported in CeD at diagnosis and clinical 
follow-up after treatment with a gluten-free diet 
(GFD).

Intestinal inflammation and associated 
malabsorption can lead to abdominal pain, 
gas/bloating, diarrhea, and weight loss. Other 

manifestations include iron deficiency ane-
mia, elevated aminotransferases, hypocalce-
mia, reduced bone mineral density, and 
fatigue [3, 6]. Dermatitis herpetiformis, the 
primary skin manifestation of CeD, com-
monly occurs over the elbows, knees, but-
tocks, and scalp due to IgA deposition. Other 
extra-intestinal manifestations include arthri-
tis [9] and neurologic or psychiatric symp-
toms (headache, peripheral neuropathy, 
ataxia, or depression) [10].

 Nutritional Changes as the Mainstay 
Treatment

Currently, no medications can effectively prevent 
duodenal mucosal damage and, therefore, a life-
long GFD remains the only effective long-term 
treatment for CeD [1]. A GFD entails strict avoid-
ance of all products containing the gluten pro-
teins from wheat, barley, and rye [1]. Although 
the term gluten free implies complete elimination 
of all sources of gluten, this is extremely difficult. 
Even with a strict diet, individuals may consume 
products with “hidden” gluten (sausages, soups, 
soy sauce, ice cream) or consume foods that are 
cross-contaminated with gluten secondary to 
storage or processing considerations [11]. 
Therefore, a GFD is defined as a diet that con-
tains gluten at such a low level as to be consid-
ered harmless to a patient with CeD [1, 11]. This 
precise level is unknown, but studies have sug-
gested that less than 10 mg of gluten per day is 
safe in most patients [12].

The primary benefit of a GFD is repair of the 
intestinal damage and resolution of the symp-
toms of malabsorption [1], ultimately leading to 
an increase in body weight, body mass index, and 
bone mineralization [1, 2, 13]. A study by Rubio 
Tapia et  al. demonstrated mucosal recovery in 
35% of patients over two years after starting a 
GFD and in 66% after five years [14]. In addition, 
the institution of a GFD restores vitamin B12, 
folic acid, calcium, and magnesium levels in 
most patients (Table 6.1) [15]. Ingestion of oats 
and other alternative grains can further improve 
the nutrient content of a GFD by increasing the 

Table 6.1 Prevalence of nutrient deficiencies at the time 
of diagnosis and follow-up after a gluten-free diet in 
patients with celiac disease

Nutrient
Prevalence of deficiency
Diagnosis Follow-up

Iron 11%–46% [143–145] 4.6% [145]a

Vitamin 
B12

7.7%–41% [145, 146] 2.8–22.2% 
[147]b

Folic acid 7.5% [145] 1.4% [145]a

Zinc 18.6%- 67% [145, 
148]

18.2% [145]a

aFollow-up of 18 months
bMedian follow-up of 7.8 years (1–22 years)
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consumption of fiber, B vitamins, magnesium, 
and iron [16]. However, given the high likelihood 
of cross contamination with gluten-containing 
products, close clinical follow-up should be 
employed when these products are reintroduced 
into a diet.

Adherence to a GFD can also have protec-
tive effects against possible complications 
from CeD. Slightly higher rates of malignancy, 
particularly lymphoproliferative malignancies, 
have been noted in patients with untreated 
CeD. Enteropathy associated T-cell lymphoma 
is a rare form of high-grade, T-cell non-Hodg-
kin lymphoma of the upper small intestine that 
derives from a clonal proliferation of intra- 
epithelial lymphocytes, often arising among 
individuals with refractory CeD [3, 17]. 
Although firm evidence is lacking, some stud-
ies suggest that a GFD is protective against 
lymphoproliferative malignancies in CeD [18, 
19]. Other complications of untreated CeD 
include infertility [20], neuropathy [21], non-
alcoholic fatty liver disease [22], and meta-
bolic bone disease [3]. Small studies have 
shown that the institution of a GFD can 
increase bone mineral density [23, 24] and 
decrease rates of infertility, spontaneous abor-
tions, preterm deliveries, and delivery of low 
birth weight infants [25–28].

Although difficult, strict compliance to a 
GFD is clearly essential in CeD.  Non-
compliance has been associated with an inabil-
ity to correctly prepare meals, poor satisfaction 
with gluten-free products, and lack of confi-
dence in treatment information relayed by pro-
viders [29, 30]. While it is important for patients 
to establish close follow- up with a gastroenter-
ologist, establishing care with a registered dieti-
tian is also important and can significantly 
improve adherence [31]. The Academy of 
Nutrition and Dietetics has established several 
evidence-based practice guidelines to help serve 
as a general framework to provide care to 
patients. Registered dietitians can provide edu-
cation and counseling on the initiation and 
maintenance of a GFD, recommend alternatives 
to gluten, and monitor for nutrient deficiencies, 
fiber intake, and weight gain/loss [1].

 Nutrition in Refractory Celiac Disease

Non-responsive CeD is defined as persistent 
signs, symptoms, or serologic abnormalities typi-
cal of CeD despite 6–12 months of a strict GFD 
and can occur in 7–30% of patients [1, 32, 33]. 
Causes include inadvertent gluten ingestion, lac-
tose or fructose intolerance, small intestinal bac-
terial overgrowth, pancreatic insufficiency, 
microscopic colitis, irritable bowel syndrome 
(IBS), or refractory CeD [1]. Given that inadver-
tent gluten ingestion is the most common cause 
of non-responsive CeD, a thorough and careful 
evaluation of a patient’s diet by a registered dieti-
tian is necessary. Prior algorithms have been pro-
posed and published in guidelines for management 
and workup of non-responsive CeD [1].

Refractory celiac disease (RCD) is defined as 
persistent or recurrent symptoms with signs of 
malabsorption despite a GFD of 12 months dura-
tion and exclusion of other potential disorders, 
including overt lymphoma [1]. There are two 
types of RCD (type I and type II), of which type 
II is more severe and associated with a worse 
prognosis. Malnutrition in RCD can be quite 
severe and may require parenteral nutrition sup-
port. While there are no published randomized, 
controlled trials of therapy for type II RCD, sys-
temic corticosteroids, azathioprine, methotrex-
ate, cyclosporine, and anti-TNF antibodies are 
commonly utilized to suppress the intestinal 
intraepithelial lymphocytosis and associated vil-
lous atrophy [1].

 Diverticular Disease

 Introduction

An intestinal diverticulum, most commonly 
encountered in the colon, is a protrusion of intes-
tinal mucosa and submucosa through the muscu-
laris layer at the site of blood vessel penetration 
through the muscle wall [34]. Diverticulitis 
occurs when there is inflammation of these out-
pouchings and can be associated with complica-
tions such as fistula formation, abscess, or 
perforation and peritonitis (diverticular disease). 
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The prevalence of diverticulosis is age depen-
dent, increasing from 5–20% at age 40 to 50% by 
age 60 [35]. Among patients with diverticulosis, 
4–15% will ultimately develop diverticulitis [36] 
with an overall rising incidence of diverticulitis 
as demonstrated by an increase in hospital admis-
sions by 26% from 1998 to 2005 [37].

 Clinical Presentation

The clinical presentation of diverticular disease 
can be variable and is dependent on the specific 
complications associated with the disease. 
Abdominal pain is the most common symptom in 
patients with acute diverticulitis, generally in the 
left lower quadrant when involving the sigmoid 
colon. While patients may have a low-grade 
fever, hemodynamic instability and shock are 
rare presentations often associated with perfora-
tion or peritonitis. Acute diverticulitis can present 
with altered bowel movements, with diarrhea in 
25–35% of patients and constipation in 50% of 
patients [38]. Approximately 25% of patients 
will experience a complication from acute diver-
ticulitis [39] such as abscess, obstruction, bleed-
ing, fistula, or perforation [40]. Location of 
diverticula can be variable; studies have shown 
that distribution often varies by geography. In 
Western and industrialized nations, the majority 
of patients have left-sided disease, particularly in 
the sigmoid. In contrast, the disease is predomi-
nantly right-sided in Asian countries [41, 42].

 Dietary Risk Factors in Diverticular 
Disease

Several clinical risk factors have been identified 
for diverticulitis including obesity [43], smoking 
[44], and the use of medications such as nonste-
roidal anti-inflammatory drugs [45]. Population- 
based studies of diet and diverticular disease have 
also found an inverse relationship between fiber 
intake and symptomatic diverticular disease and 
a positive relationship with red meat consump-
tion and symptomatic diverticular disease [46–
50]. Vegetarians and those with low consumption 

of red meat (after adjustment of fiber intake) 
were shown to be at a decreased risk for diver-
ticular disease [48]. In a prospective cohort study 
of over 47,000 men, the risk of symptomatic 
diverticular disease was two times higher (RR 
2.35, 95% CI 1.38–3.98) in diets low in fiber and 
high in total fat and three times higher (RR 3.32, 
95% CI 1.46–7.53) in diets high in total red meat 
and low in total fiber [46]. Additionally, recent 
dietary intake (within 1 to 4  years) was more 
strongly associated with risk of incident diver-
ticulitis than long-term, cumulative intake, 
reflecting that relatively short-term dietary inter-
ventions may modify risk [47].

The impact of red meat on the development of 
diverticulitis is likely multifactorial. Red meat 
may promote chronic low-grade inflammation and 
is associated with higher levels of inflammatory 
markers [36, 51]. As such, consumption of red 
meat is also associated with increased risk of 
chronic diseases associated with elevated levels of 
circulating inflammatory markers such as type 2 
diabetes mellitus and cardiovascular disease [52, 
53]. Red meat contains specific compounds such 
as N-nitroso and heterocyclic amines which can 
affect colon epithelial homeostasis and have been 
proposed as risk factors for other colonic diseases 
such as colorectal cancer [54]. Consumption of red 
meat has also been associated with obesity, which 
in itself is a risk factor for diverticulitis [43, 47].

Fiber intake may decrease the risk of diver-
ticulitis by altering the intestinal microbiota [55]. 
Studies have shown that a Western diet is associ-
ated with decreased microbial diversity in the 
intestine, whereas diets high in fiber increase gut 
microbiome diversity. Furthermore, dietary fiber 
is an important source of energy for the intestinal 
microbiome, which metabolizes complex carbo-
hydrates into short-chain fatty acids. These short- 
chain fatty acids, in turn, increase the production 
of mucus and antimicrobial peptides and help 
mediate intestinal barrier function [40, 56]. By 
serving as a bulking agent, dietary fiber decreases 
colon pressure and stool transit time [47]. Dietary 
fiber has also been associated with lower levels of 
inflammatory markers [57] and healthy weight 
maintenance [58], both of which may be risk fac-
tors for development of diverticulitis [47].
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In addition to fiber and red meat consumption, 
medical professionals have historically advised 
patients to avoid nuts, popcorn, corn, and other 
high-residue foods [59] as it was believed that 
these foods could lodge into diverticula, erode 
the colonic mucosa, and incite luminal trauma 
resulting in diverticulitis [60]. This commonly 
held belief was disproven in a large, prospective 
study that found no increased risk of diverticular 
complications with the ingestion of corn, nuts, or 
popcorn, and instead found a protective effect of 
nut and popcorn intake with diverticular disease 
[60]. While this protective mechanism has not 
been clearly elucidated, there are several possible 
associations that may play a role. Nuts contain 
fats with anti-inflammatory properties, and as 
such, consumption is inversely correlated with 
inflammatory markers, including C-reactive pro-
tein (CRP) and interleukin-6 [61]. Additionally, 
the high mineral content in nuts may reduce the 
oxidative stress in the colon, which is also thought 
to decrease the risk of colon cancer [60, 62, 63].

 Short Bowel Syndrome

 Introduction

Short bowel syndrome (SBS) is a rare gastroin-
testinal condition arising from a variety of gastro-
intestinal disorders and resulting in a reduction in 
the absorptive surface area of the small bowel 
and colon. Most often, SBS is secondary to 
extensive surgical resection in the setting of 
Crohn’s disease (CD), mesenteric ischemia, and 
intestinal volvulus in adult patients, or from con-
genital defects and necrotizing enterocolitis in 
the pediatric patient. The underlying etiology of 
SBS is slowing evolving with postoperative 
causes and malignancy/radiation enteritis becom-
ing the primary cause of SBS in adults at US cen-
ters [64]. Ultimately, understanding the 
underlying present anatomy is critical to predict-
ing and identifying vitamin and mineral deficien-
cies as SBS can present with a variety of intestinal 
anatomical configurations.

The small intestinal length in an adult, mea-
sured from the duodenojejunal flexure, can range 

from 275  cm to 875  cm [65, 66]. Short bowel 
syndrome is defined when the small intestine in 
continuity is reduced to less than 200  cm [67]. 
Intestinal failure can result when the reduction in 
intestinal absorption requires intravenous supple-
mentation to maintain health and/or growth [65], 
for which SBS is the leading cause [68].

 Clinical Presentation

The principal cause of SBS is a reduction in the 
net intestinal absorptive surface area. As a result, 
the clinical presentation depends on a variety of 
mechanisms to include the residual small intesti-
nal length, presence or absence of an ileocecal 
valve and colon, and integrity and adaptive poten-
tial of the remaining small intestine. Following 
resection, the small bowel adapts by increasing in 
villous height in response to growth hormones 
and pancreatic and biliary secretions over a 
period of one to two years [69, 70]. While intesti-
nal adaptation is variable and can be reduced in 
individuals with an end jejunostomy, the ability 
of the colon to participate in net fluid and calorie 
absorption is critical to achieving independence 
from parenteral support [71]. Small intestinal 
lengths less than 100 cm to an end-jejunostomy, 
less than 65 cm to a jejunocolic anastomosis, and 
less than 30 cm to a jejunoileocolic anastomosis 
predicts as opposed to predicted to transient 
intestinal failure in the setting of SBS, demon-
strating the adaptive capacity of the distal small 
bowel and role of the colon in maintaining enteral 
independence [72].

Individuals with an end-jejunostomy can pres-
ent with high volume losses and nutrient and 
vitamin malabsorption as a result of rapid intesti-
nal transit and poor intestinal adaptation. In the 
setting of ileal resection, bile salt and vitamin 
B12 malabsorption can be present resulting in 
diarrhea and neurologic consequences in the set-
ting of prolonged and profound vitamin B12 defi-
ciency. Resection over 100 cm of ileum results in 
a loss of enterohepatic circulation of bile acids, 
steatorrhea, and severe fat malabsorption [73]. 
Whereas the ileum has the best adaptive capacity, 
proximal loss of small intestine can result in 
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 calcium, zinc, copper, iron, and folate malabsorp-
tion. Therefore, a clear understanding of the 
resulting intestinal anatomy, resections, and 
future adaptive capacity is required in the man-
agement of individuals with SBS in order to tai-
lor supplements and medical therapies aimed at 
reducing the risk of intestinal failure.

 Dietary Modifications

The management of SBS includes a combina-
tion of medical therapies aimed at reducing 
intestinal transit time and secretions and dietary 
modifications aimed at improving intestinal 
absorption. When indicated for failure to main-
tain nutrient, mineral, or vitamin absorption, 
parenteral nutrition or intravenous hydration 
may be required. Recently developed glucagon-
like peptide 2 (GLP-2) agonists have demon-
strated an ability to improve the adaptation of 
the small intestine in intestinal failure with SBS 
and have resulted in a decreased need for paren-
teral nutrition support [74].

Appropriate and adequate dietary interven-
tions are an integral part of the management of 
patients with SBS, both in an effort to reduce the 
need for parenteral nutrition support and in order 
to reduce complications of altered intestinal anat-
omy (i.e., calcium oxalate kidney stones, D-lactic 
acidosis). Adequate calorie supplementation can 
help reduce the risk of requiring prolonged par-
enteral support. Individual patients can adapt to 
decreased intestinal absorption through an 
increase in oral food intake (hyperphagia). 
Jeppesen et al. previously demonstrated that indi-
viduals absorbing less than one-half of consumed 
calories could avoid parenteral nutrition support 
through an intake of nearly 2000–5000 calories 
per day [75].

As patients with end jejunostomies have not 
been demonstrated to have increased ostomy 
losses with high fat intake [76], the optimal diet 
includes generous intake of complex carbohy-
drates and fats with a macronutrient distribution 
of 50% complex carbohydrates, 40% fats, and 
20–30% protein [73]. Alternatively, in the pres-
ence of a colon-in-continuity, patients benefit 

from increased complex carbohydrates in the diet 
(50–60% complex carbohydrates, 20–30% pro-
tein, 20–30% fat) as the reduced fat intake results 
in lower fecal energy losses and the complex car-
bohydrates can be further metabolized by the 
colonic bacteria into short-chain fatty acids, 
resulting in a salvage of calories by the colon 
[73]. Additionally, the reduced fat intake in the 
setting of a colon-in-continuity reduces the dis-
placement of oxalate from calcium and therefore 
reduces the absorption of oxalate in the colon, the 
primary contributor to calcium oxalate kidney 
stones in SBS.

Maintenance of adequate hydration is impera-
tive to reduce the risk of dehydration and require-
ment of parenteral volume support. Avoidance of 
simple sugars and poorly absorbed sugars (lac-
tose) reduces the dumping of hypertonic chime 
into the small intestine which can be associated 
with rapid transit through the small intestine. 
Fluid uptake in the small intestine can be 
improved with the liberal use of balanced oral 
rehydration solutions which utilize the sodium- 
glucose cotransport into the epithelial cell which 
subsequently drives net water absorption across 
the small intestinal epithelium.

Routine monitoring of electrolytes, miner-
als, and vitamins is required in individuals with 
SBS due to the wide variety of deficiencies that 
they can experience based on intestinal anat-
omy and underlying residual function. Patients 
with a history of ileal resection or small bowel 
bacterial overgrowth require routine monitor-
ing and replacement of vitamin B12, while the 
divalent cations calcium, magnesium, and zinc 
are often deficient secondary to the reductions 
in intestinal absorptive surface, rapid transit, 
and binding with unabsorbed fats in the diet 
[73]. Adequate supplementation is required in 
order to reduce the risk of osteoporosis in SBS, 
which can be further compounded by fat-solu-
ble vitamin deficiencies (vitamin D) [77]. The 
frequent monitoring and anticipation of defi-
ciencies in SBS require specialized nutrition 
support teams including registered dietitians, 
nurses, and pharmacists in order to manage the 
wide variety of presentations and individual-
ized patient needs.
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 Inflammatory Bowel Disease

 Introduction

Inflammatory bowel disease (IBD) is a chronic 
inflammatory condition that includes Crohn’s 
disease (CD) and ulcerative colitis (UC). Crohn’s 
disease is a transmural inflammatory disease that 
can affect any part of the gastrointestinal tract 
from the mouth to the anus, whereas UC is a 
mucosal disease process that only affects the 
colon. Although IBD can occur at any age, there 
is a predominant age distribution of onset 
between 15 and 30 years [78]. Signs and symp-
toms of CD can be variable with patients experi-
encing chronic diarrhea, abdominal pain, 
intestinal fistulas, stricturing disease, or extra- 
intestinal manifestations such as joint pain, 
fatigue, and inflammatory skin disorders. Patients 
with UC most commonly present with signs and 
symptoms of rectal inflammation such as bleed-
ing, fecal urgency, and tenesmus [78].

With the growing incidence of IBD, the num-
ber of medications utilized as first-line therapies 
has also increased. The main classes of medica-
tions for the treatment of IBD include 5-amino- 
salicylates, corticosteroids, immunomodulators 
(i.e., azathioprine, 6-mercaptopurine, methotrex-
ate, and cyclosporine), and biologic therapies 
(i.e., anti-tumor necrosis factor, anti-integrin, and 
IL-12/-23 antagonists) [79]. Surgery is now 
reserved for patients who are refractory or intol-
erant to medical therapy [79].

Many studies have explored the role diet can 
play in the pathogenesis and treatment of IBD, 
but this still remains an area of active research, 
with limited current data to guide practitioners 
and patients. Although some guidelines acknowl-
edge that dietary therapies can be effective 
(Table 6.2), these benefits are not thought to be 
durable and, therefore, are recommended to be 
only used in conjunction with medical manage-
ment [80].

Although limited evidence-based data exists 
on diet-based therapies in IBD, up to 71% of 
patients believe that diet affects their symptoms 
and up to 77% of patients report avoidance of 
particular foods due to their disease [81]. Such 

avoidance of foods can lead to decreased intake 
of carbohydrates, monounsaturated fat, fiber, cal-
cium, and vitamins [79, 82]. Therefore, although 
there is limited data on diet-based therapies, there 
is a clear need to investigate the role diet can play 
in IBD management.

 Diet and the Risk of IBD

The pathogenesis of IBD is complex, involving 
the interaction of disease susceptibility genes, 
immune responses, gut microbiota, and environ-
mental factors such as dietary intake [83, 84]. 
One proposed mechanism for how diet contrib-
utes to the development of CD is through the 
individual components of a “Western diet” (ani-
mal fat, sugar, wheat proteins, emulsifiers, malto-
dextrin, low fiber) leading to defects in localized 
bacterial clearance, promoting bacterial adhe-
sion/penetration and subsequent intestinal 
inflammation [85, 86]. This has been demon-
strated in murine studies in which a high-fat and 
high-salt diet decreased intestinal mucous layer, 
increased intestinal permeability, and increased 
the ability of bacteria to colonize the intestinal 
mucosa and induce inflammation [86–88]. While 
an increased risk of IBD is seen in populations 
that consume a Western diet, lower risk has been 
noted in patients who consume prudent diets with 
high intake of fiber from fruits and vegetables 
and low intake of animal fat, dairy, and processed 
foods [89–91].

 Diet for Induction Therapy 
of Active IBD

 Enteral Nutrition
Exclusive enteral nutrition (EEN) consists of 
intake of liquid formulas without the intake of 
solid foods for at least 6–8  weeks. Exclusive 
enteral nutrition, either in the form of elemental 
(amino acid based), semi-elemental (oligopep-
tides), or polymeric (whole protein based) formu-
las, is one of the most effective diets for induction 
of remission in CD [92] but does not demonstrate 
efficacy in UC [93]. Although classifying the evi-
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dence as very low quality, a recent Cochrane 
meta-analysis demonstrated that EEN may be 
more effective than steroids for induction of 
remission in children with active CD [86, 94]. 
Similar results were seen in a prospective study 
of 147 pediatric patients with mild-moderate CD, 
which demonstrated that use of EEN was associ-
ated with higher remission rates and a trend 
toward better growth when compared to steroid 
treatment [86, 95].

Despite these promising studies in pediatric 
populations, EEN poses more challenges in 
adults. Its poor taste leads to decreased tolerabil-
ity and its long-term efficacy is equivalent to ste-
roid use in recent studies [89, 96]. Partial enteral 
nutrition (PEN) has been suggested as an alter-
nate treatment modality. The goal of PEN regi-
mens is to allow oral food intake while 
supplementing calories with enteral formulas. 
Although this poses an attractive option, remis-
sion rates with PEN remain inadequate, correlat-
ing with the percentage of enteral nutrition 
support provided [97]. Studies assessing PEN 
formulas supplementing 50% of total daily calo-
ries demonstrated reduced effectiveness with 
lower remission rates and higher fecal calprotec-
tin measurements compared to EEN [98, 99].

As a result, PEN regimens with restricted oral 
diets have been created in order to limit exposure 
to foods with potential contributions to inflamma-
tion or alterations in the microbiota [86]. In the 
Crohn’s Disease Elimination Diet (CDED), poten-
tially inflammatory foods such as wheat, dairy, 
emulsifiers, maltodextrins, carrageenans, and sul-
fites, are excluded as they are hypothesized to alter 
the microbiome and/or intestinal permeability 
[89]. Prior case series have demonstrated effec-
tiveness of the CDED when used with polymeric 
PEN (Modulen, Nestle, or Pediasure, Abbott 
Nutrition) in CD with respect to clinical symptoms 
and markers of inflammation [100, 101]. Most 
recently, Levine et  al. evaluated the CDED with 
PEN in a study of 74 pediatric patients with mild-
moderate CD randomized to either EEN or the 
combination of CDED with PEN. PEN accounted 
for 50% of total calories in the first six weeks of 
the trial and 25% of calories in the second six 
weeks of the 12-week trial. The CDED with PEN 
was better tolerated and resulted in a significantly 
higher rate of corticosteroid-free remission at 
12  weeks (76.6% vs. 45.1%, P  =  0.01) [102]. 
Further studies are ongoing (CDED-ADULTS  – 
NCT02231814) to extend these results to adult 
populations [86].

Table 6.2 Proposed diets and nutritional supplements for induction and maintenance of inflammatory bowel disease

Induction

Diet Components

Types of 
inflammatory 
bowel disease

Exclusive 
enteral nutrition

Can be elemental (amino acid based), semi-elemental (oligopeptide), or 
polymeric (whole protein based)

Crohn’s disease

Specific 
carbohydrate 
diet

Elimination of complex carbohydrates, processed foods, food additives, and 
most dairy products while maintaining consumption of almost all fruit, 
some vegetables, nuts, meats and eggs

Crohn’s disease

Autoimmune 
diet

Elimination of grains, legumes, nightshade vegetables, dairy, eggs, coffee, 
alcohol, nuts/seeds, processed sugars, oils, and food additives while 
increasing consumption of nutrient-dense fresh foods and bone broth

Crohn’s disease

Maintenance
Low FODMAP 
diet

Limits the ingestion of single and double sugar molecules which when 
poorly absorbed in the small intestinal lumen

Crohn’s disease/
ulcerative colitis

Anti- 
inflammatory 
diet

Five phases including modification of specific carbohydrate, ingestion of 
pre- and pro-biotics, separation of saturated, trans-, mono-, and 
polyunsaturated fats, identification of missing nutrients, and modification of 
texture of foods

Crohn’s disease/
ulcerative colitis

Curcumin Used as an adjunctive therapy to reduce symptoms and maintain remission 
due to its anti-inflammatory properties

Ulcerative colitis

Vitamin D May decrease symptoms due to immunosuppressive properties Crohn’s disease
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 Specific Carbohydrate Diet

The specific carbohydrate diet (SCD) is thought 
to be effective in CD due to its elimination of 
complex carbohydrates, processed foods, food 
additives, and most dairy products while main-
taining consumption of almost all fruit, some 
vegetables, nuts, meats, and eggs [86]. Although 
difficult to maintain, several retrospective studies 
demonstrated improvement of clinical disease 
activity scores, normalization of albumin, and 
improvement in inflammatory markers [89, 103, 
104]. In a prospective pediatric cohort study, 12 
patients with IBD (9 with CD) were initiated on a 
SCD diet without any alteration in medications. 
Mean pediatric Crohn’s disease activity index 
(PCDAI) scores for participants decreased from 
28.1  ±  8.8 to 4.6  ±  10.3, and an elevated CRP 
decreased from 70% of individuals at baseline to 
20% of individuals after 12 weeks of dietary ther-
apy [105]. Current ongoing studies are further 
comparing the efficacy of the SCD to a 
Mediterranean diet in adults with CD (DINE-CD 
study; ClinicalTrials.gov Identifier: 
NCT03058679).

 Autoimmune Diet

The autoimmune diet is an extension of the 
Paleolithic diet while also incorporating changes 
described in the SCD and CDED with elimina-
tion of grains, legumes, nightshade vegetables, 
dairy, eggs, coffee, alcohol, nuts/seeds, processed 
sugars, oils, and food additives while increasing 
consumption of nutrient-dense fresh foods and 
bone broth [86]. Following an elimination phase 
and once clinical symptoms and inflammation 
are controlled, a 5-week maintenance phase is 
employed, followed by a reintroduction of food 
items one at a time. In a single-center open-label 
study including 15 patients with IBD (9 with 
CD), clinical remission was achieved in 11 
patients by week 6, and among patients with CD, 
the mean Harvey-Bradshaw Index (HBI) (well- 
being, abdominal pain, number of liquid or soft 
stools, presence of abdominal mass, and presence 
of complications) improved from 6.7 (SD 1.5) to 

3.3 (SD 1.8, P = 0.001) at week 6 and 3.4 (SD 
2.6, P = 0.004) at week 11 [86, 106].

 Diet for Maintenance of Remission 
and Symptom Control

 Low FODMAP Diet
The FODMAP (fermentable oligosaccharides, 
disaccharides, monosaccharides, and polyols) 
diet limits the ingestion of single and double 
sugar molecules which, when poorly absorbed in 
the small intestinal lumen, lead to osmotic shifts 
in fluid and subsequent distension of the small 
bowel and colon [86, 107]. Although the low 
FODMAP diet was initially developed for 
patients with irritable bowel syndrome (IBS), 
some studies have demonstrated a positive impact 
in patients with IBD with concurrent IBS or IBS- 
like symptoms [108–110]. Prince et al. studied 88 
patients with IBD and functional gastrointestinal 
symptoms. Seventy-eight percent of patients 
reported an improvement in symptoms from 
baseline following a dietary intervention of a 
strict low FODMAP diet over 6 weeks followed 
by reintroduction [108]. In a meta-analysis of six 
studies (two randomized controlled studies, four 
before–after studies) in patients with quiescent 
IBD, a low FODMAP diet was found to be ben-
eficial in reducing the symptoms of diarrhea, 
bloating, abdominal pain, fatigue, and nausea 
[111]. While these studies show improvement in 
clinical symptoms with a low FODMAP diet, 
there is very little data to demonstrate any 
improvement in intestinal inflammation. In a 
small study of nine patients with clinically quies-
cent CD, there was no difference in fecal calpro-
tectin in those on a low FODMAP diet compared 
to those on a typical “Australian” diet [112]. 
Future studies are needed to evaluate the 
 long- term efficacy and impact on inflammation 
of a low FODMAP diet in patients with IBD.

 Anti-inflammatory Diet

The anti-inflammatory diet (IBD-AID) is a 
recently described diet developed with the intent 
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to reduce the frequency and severity of disease 
flares and maintain remission in IBD.  The five 
basic components of this diet include modification 
of specific carbohydrates followed by ingestion of 
pre- and probiotics (soluble fiber, leeks, onions), 
which are thought to help restore the intestinal 
flora. The third phase distinguishes between satu-
rated, trans-, mono-, and polyunsaturated fats, 
while the fourth phase entails review of overall 
dietary intake with the goal of identifying missing 
nutrients and possible intolerances. The fifth and 
final phase modifies the texture of foods (cooked, 
ground, blenderized) depending on the ongoing 
symptoms as a means to improve absorption and 
minimize intact fiber [113]. Unfortunately, data 
supporting the use of this diet in IBD is limited to 
a small case series evaluating symptomatic control 
over a period of four weeks [113].

 Curcumin

Curcumin is derived from the turmeric plant and 
is used as an adjunctive therapy to reduce symp-
toms and maintain remission due to its anti- 
inflammatory properties [89, 114]. Although 
several case reports have been published, very 
few randomized controlled trials have examined 
the role of curcumin in IBD. In one multicenter, 
randomized, placebo-controlled study, 50 
mesalamine- treated patients with mild-moderate 
active UC were randomly assigned to curcumin 
capsules (3 g/day) or placebo. Fifty-four percent 
of patients receiving curcumin achieved clinical 
remission at week 4 compared with no patients in 
the placebo group (OR: 42, 95% CI 2.3–760, 
P  =  0.01). Endoscopic remission was seen in 
38% of patients receiving curcumin compared 
with no patients in the placebo group, with com-
parable adverse events between two groups 
[115]. However, in a subsequent systematic 
review including four trials assessing adjuvant 
curcumin in UC, no benefit of curcumin was 
demonstrated in an intention-to-treat analysis 
[114]. Therefore, further large randomized con-
trolled trials are needed to fully elucidate the role 
curcumin may play in patients with both active 
UC and UC in remission.

 Vitamin D

Vitamin D is a potent immunostimulatory and 
immunosuppressive secosteroid hormone. 
Deficiency of vitamin D has been suggested to 
play a role in multiple chronic diseases including 
CD [86, 116]. Narula et al. conducted a random-
ized, double-blind, placebo-controlled trial of 
high-dose (10,000 IU daily) vitamin D3 supple-
mentation compared to 1000  IU daily in CD 
patients in remission. At 12-month follow-up, 
high-dose vitamin D3 repletion led to significant 
improvements in 25-hydroxyvitmain D levels 
(increase from mean 73.5 nmol/L to 160.8 nmol/L, 
P  =  0.02). An associated lower rate of clinical 
relapse among those on high-dose vitamin D3 
supplementation was demonstrated in a per- 
protocol analysis but not statistically significant 
on an intention-to-treat basis [116]. Further stud-
ies are needed to fully understand the role vita-
min D may play in patients with IBD.

 Irritable Bowel Syndrome

 Introduction

Irritable bowel syndrome (IBS) is a functional 
gastrointestinal disorder characterized by chronic 
abdominal pain and altered bowel habits without 
an identifiable organic cause. The prevalence of 
IBS in the United States is 7–16% among adults 
[117], with an overall prevalence higher in 
women compared with men [118]. While clinical 
manifestations may vary from patient to patient, 
the diagnosis of IBS has been standardized using 
the consensus Rome Criteria. The various IBS 
subtypes (IBS with predominant constipation, 
IBS with predominant diarrhea, IBS with mixed 
bowel habits, and unclassified IBS) have also 
been defined for clinical practice.

 Pathogenesis of Disease

Although the pathophysiology of IBS remains 
uncertain, multiple factors have been thought to 
play a role. Alteration in gastrointestinal motility 
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[119, 120], visceral hypersensitivity [121], alter-
ations in the gut microbiota [122], genetic factors 
[123], psychosocial factors, and infections [124] 
may be the possible contributing factors to the 
development of IBS [125]. The role of diet is not 
clearly understood in the development of IBS, 
but it may play an important role in disease man-
agement, with up to 84% of patients reporting 
food-related symptoms [126]. Several studies 
have suggested an overlap between CeD and IBS 
[127] as well as carbohydrate malabsorption as a 
cause of symptoms. As a result, many of the 
treatment modalities in IBS revolve around 
dietary modifications, although the heterogeneity 
of symptoms in IBS makes it difficult to have a 
standardized treatment protocol for all patients. 
Despite significant interest in using dietary treat-
ment approaches, quality study designs are lim-
ited. The following subsections describe different 
diets that are often employed for treatment of IBS 
symptoms.

 Dietary Treatment Approaches in IBS

 Low FODMAP Diet
Fermentable oligosaccharides, disaccharides, 
monosaccharides and polyols (FODMAPs) are 

single and short-chain carbohydrates that are 
characterized by limited small bowel absorp-
tion. When poorly absorbed in the small intesti-
nal lumen, osmotic shifts of fluid and colonic 
bacterial fermentation lead to distension of the 
small bowel and colon [86, 107], thereby caus-
ing symptoms in IBS.  There are three distinct 
phases within the low FODMAP diet: a restric-
tion/elimination phase, a rechallenge/reintro-
duction phase, and a maintenance phase. During 
the elimination phase, patients restrict 
FODMOPs from their diet for 2–6 weeks. Next, 
gradual reintroduction of foods containing indi-
vidual FODMAPs should be employed, with the 
goal of identifying specific trigger carbohy-
drates. This phase can take several weeks as 
foods are slowly reintroduced. Knowing a 
patient’s trigger foods, a personalized low 
FODMAP diet can be designed for the patient to 
carry forward (i.e., maintenance phase) [128].

The American College of Gastroenterology 
reviewed seven randomized controlled trials that 
compared outcomes for a low FODMAP diet ver-
sus alternative diets (Table  6.3). There was an 
overall effect of the low FODMAP diet in reduc-
ing IBS symptoms with a relative risk of remain-
ing symptomatic on a low FODMAP diet of 0.69 
(95% CI 0.54–0.88) with a number needed to 

Table 6.3 Randomized controlled trials examining the role of a low FODMAP diet in irritable bowel syndrome

Title Author
Population 
studied

Intervention and 
Control Groups

Primary 
Outcome Results

A randomized 
controlled trial 
comparing the low 
FODMAP diet vs. 
modified NICE 
guidelines in US adults 
with IBS-D [149]

Eswaran S 
et al.

IBS-D IBS-D vs. mNICE 
dieta

Relief of 
IBS-D 
symptoms 
>50%

52% vs. 41% of mNICE 
group reported adequate 
relief of IBS-D 
symptoms (p = 0.13)

Diet low in FODMAPs 
reduces symptoms of 
irritable bowel 
syndrome as well as 
traditional dietary 
advice: a randomized 
controlled trial [150]

Bohn L, 
et al.

Not 
specified

Low FODMAP diet 
vs. diet 
recommended for 
IBS (regular meal 
pattern, reduced 
intake of fat, 
insoluble fibers, 
caffeine, and 
gas-producing 
products)

Severity of 
IBS symptoms 
using IBS 
severity scale 
(IBS-SSSb)

Severity of symptoms 
reduced in both groups. 
50% in low FODMAP 
group had reduction in 
IBS severity group ≥50 
compared with baseline 
compared to 46% in 
traditional IBS diet 
(p = 0.72)

(continued)
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Table 6.3 (continued)

Title Author
Population 
studied

Intervention and 
Control Groups

Primary 
Outcome Results

FODMAPs alter 
symptoms and the 
metabolome of patients 
with IBS: a randomized 
controlled trial [151]

McIntosh 
K et al.

Not 
specified

Low FODMAP vs 
high FODMAP diet

IBS-SSSb The IBS-SSS was 
reduced in the low 
FODMAP diet group 
(p < 0.001) but not in the 
high FODMAP group

Fermentable 
carbohydrate restriction 
reduces luminal 
bifidobacteria and 
gastrointestinal 
symptoms in patients 
with irritable bowel 
syndrome [152]

Staudacher 
HM, et al.

Not 
specified

Low FODMAP vs. 
habitual diet

Fecal 
microbiota and 
symptom 
response using 
a global 
symptom 
question

More patients in the 
interventional group 
(low FODMAP diet) 
reported adequate 
control of symptoms 
(68%) compared with 
controls (23%), 
p = 0.005)

Diet low in FODMAPs
reduces symptoms in 
patients with irritable 
bowel syndrome and 
probiotic restores 
bifidobacterium species: 
a randomized controlled 
trial [153]

Staudacher 
HM, et al.

Not 
specified

Sham diet vs. low 
FODMAP diet 
+/− placebo/
probiotic

IBS-SSSb A higher proportion of 
patients in the low 
FODMAP diet had 
adequate symptom relief 
(57%) than in the sham 
diet group (38%) 
(P = 0.051).
Total mean IBS-SSS 
was significantly lower 
for patients on the low 
FODMAP diet 
(173 ± 95) than the 
sham diet (224 ± 89) 
(P = 0.001), but not 
different between those 
given probiotic 
(207 ± 98) or placebo 
(192 ± 93) (P = 0.721)

A diet low in 
FODMAPs reduces 
symptoms of irritable 
bowel syndrome [154]

Halmos 
EP, et al.

IBS and 
healthy 
individuals

Low FODMAP diet 
vs. typical 
Australian diet, 
crossover to 
alternate diet after 
21 days

Symptoms 
using visual 
analogue scale 
(0–100; 0 = no 
symptoms,  
100 = most 
severe) and 
stool samples

Subjects with IBS had 
lower overall 
gastrointestinal 
symptom scores (22.8; 
95% confidence interval, 
16.7–28.8) while on a 
diet low in FODMAPs 
compared with the 
Australian diet (44.9; 
95% confidence interval, 
36.6–53.1; P < 0.001)

Effects of varying 
dietary content
of fermentable 
short-chain 
carbohydrates on 
symptoms, fecal 
microenvironment, and 
cytokine profiles in 
patients with irritable 
bowel syndrome [155]

Hustoft 
TN, et al.

IBS-D or 
mixed IBS

Low FODMAP for 
3 weeks, followed 
by FODMAP vs. 
placebo for 
10 days, followed 
by crossover

IBS-SSSb and 
interleukin 6,8 
and tumor 
necrosis factor 
alpha

Symptoms improved 
after 3 weeks of low 
FODMAP diet, and 
significantly more 
participants reported 
symptom relief in 
response to placebo 
(80%) than FODMAP 
(30%)

amNICE diet based upon modified National Institute for Health and Care Excellence guidelines
bIBS-SSS IBS Severity Scale
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treat of 5 [129], albeit with low quality of evi-
dence given a high risk of bias among the 
included studies.

With any restrictive diet, there is always a con-
cern for nutritional deficiencies. However, the 
data related to nutritional deficiencies related to a 
low FODMAP diet are varied and controversial. 
In a small study of 26 patients with IBS, nutri-
tional status and body composition were evalu-
ated. Although there were statistically significant 
changes in albumin and lipids after the introduc-
tion of a low FODMAP diet for 8 weeks, the dif-
ferences were small and laboratory values 
remained within the normal range [130, 131]. 
Given the expanding role of dietary interventions 
in the management of IBS, it has become increas-
ingly important for clinicians to work alongside 
registered dietitians to ensure appropriate main-
tenance of the recommended nutrient and vita-
min intakes and avoidance of nutritional 
deficiencies [125].

 Gluten-Free Diet

The effect of gluten in patients with IBS was 
studied in a randomized controlled trial of 34 
patients with previously noted gluten sensitivity. 
Patients were randomized to a high-gluten diet 
(16 g/day) or a GFD for a total of 6 weeks. Sixty- 
eight percent of patients in the high-gluten diet 
reported uncontrolled symptoms compared to 
40% among those randomized to a GFD 
(P = 0.001) [132]. In a study by Vasquez-Roque 
et al., 45 patients with diarrhea-predominant IBS 
(and no prior diagnosis of CeD) were random-
ized to a gluten-containing diet and a GFD. Those 
on a gluten-containing diet had more bowel 
movements per day (P = 0.04) and a greater small 
bowel permeability when compared to those on a 
GFD [133]. Such data has led some to conclude 
that gluten is the cause of gastrointestinal symp-
tom after ingestion of wheat [125]. However, fur-
ther studies have shown that the sugar components 
found in wheat (i.e., fructans) may play a primary 
role in patients who find relief from a GFD in IBS 
[134, 135], supporting the role of the FODMAP 
diet in the management of IBS.  Further well- 

controlled studies are needed to better understand 
the specific components of the GFD that may 
provide benefit to some individuals with IBS.

 Lactose-Free Diet

Lactose intolerance is a clinical syndrome where 
patients develop bloating, flatulence, abdominal 
discomfort, and diarrhea after the consumption of 
lactose-containing foods. Symptom development 
in patients with lactose intolerance may be related 
to the amount of lactose consumed, intestinal 
hypersensitivity, and intestinal transit of lactose. 
As such, individuals with IBS may have increased 
symptoms at lower levels of lactose consumption 
resulting in increased self-reported lactose intol-
erance and lactose restriction [136, 137]. 
However, very few studies have investigated the 
actual role of lactose-free diet in patients with 
IBS [138–140]. Based on small trials, the British 
Dietetic Association states that no specific IBS 
symptom profiles were associated with lactose 
intolerance or responded better to a low lactose 
diet (< 9  g/day) and as such lactose restriction 
may only provide marginal symptom benefits 
[141].

While symptoms of IBS and lactose intoler-
ance can overlap, they are two separate clinical 
entities [142]. It is crucial to consider and rule out 
lactose intolerance prior to diagnosing IBS.  As 
such, lactose-free diets may not be helpful in all 
patients with IBS; a low lactose diet can be 
expected to improve abdominal symptoms in 
those with both concomitant IBS and lactose 
intolerance [140, 141].

 Conclusion

Diet and nutrition play an integral and complex 
role in the pathogenesis and management of 
intestinal disorders, but many questions still 
remain unanswered. As popular diets are emerg-
ing, it is imperative to understand the nutritional 
consequences and benefits in various disease 
states. This chapter summarizes the limited evi-
dence available on nutritional implications and 
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common dietary therapies used in CeD, divertic-
ular disease, SBS, IBD, and IBS.  While future 
clinical trials are still needed to investigate the 
consequences of various dietary strategies in 
these disorders, steps such as including registered 
dieticians in the management of patients can lead 
to successful and safe dietary modifications with 
improved long-term adherence [1].
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Pancreas and Hepatobiliary Tract

Raj Shah, Sagarika Satyavada, and Perica Davitkov

 Acute Pancreatitis (AP): 
Introduction, Pathophysiology, 
and Clinical Presentations

The worldwide incidence of acute pancreatitis is 
estimated to be 34 per 100,000 person-years and 
is rising. The obesity epidemic may be playing a 
role in the rise given the concomitant rise in inci-
dence of associated obesity-related complica-
tions such as cholelithiasis, hypertriglyceridemia, 
and diabetes. It is also one of the most common 
gastrointestinal diseases implicated in hospital-
izations and costs the US healthcare system up to 
$9.3 billion every year. Despite the increasing 
incidence of acute pancreatitis, mortality related 
to this condition has decreased in the last 10 years 
from 1.6% to 0.8% [2].

The pathophysiology of AP involves the acti-
vation of trypsinogen to trypsin within the acinar 
cell rather than the duct lumen. This leads to 

localized destruction of the pancreas and a sys-
temic inflammatory response. Common etiolo-
gies include gallstone pancreatitis, which 
elevates ductal pressures, and alcohol abuse, 
which may disrupt calcium homeostasis. The 
resulting inflammatory cascade induces systemic 
manifestations such as endothelial dysfunction 
that can eventually lead to multi-organ system 
failure. Although alcohol and gallstones are the 
most common causes of acute pancreatitis, 
genetics may also play a role in pathogenesis and 
can lead to recurrent episodes. The genes impli-
cated are those that also affect trypsin activation, 
i.e., cystic fibrosis transmembrane conductance 
regulator (CFTR), serine protease 1 (PRSS1), 
serine protease inhibitor Kazal type 1 (SPINK1), 
and chymotrypsin C (CTRC) [3].

 Clinical Presentation

The majority of patients present with severe acute 
epigastric pain with associated nausea and vomit-
ing [4]. Along with epigastric abdominal tender-
ness, hypoactive bowel sounds with abdominal 
distension may also be noted on physical exami-
nation owing to the presence of ileus. Additionally, 
fever, tachypnea, hypoxemia, or hypotension 
may be seen [5]. When it is severe, patients can 
present with dyspnea due to either diaphragmatic 
inflammation, pleural effusions, or acute respira-
tory distress syndrome (ARDS) [6]. In a small 
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percentage of patients, ecchymosis may be seen 
either in the periumbilical or flank region, termed 
Cullen’s sign and Grey Turner’s sign, respec-
tively, indicating retroperitoneal bleeding [7, 8]. 
The diagnosis of acute pancreatitis is based on at 
least two of three following criteria: classic 
abdominal pain, amylase or lipase greater than 
three times the upper limit of normal, and evi-
dence of pancreatitis on radiographic imaging. 
Lipase values are preferred over amylase given 
the enhanced specificity of the test [9–11].

 Acute Pancreatitis: Nutritional 
Management

Research over the last several years has resulted 
in a shift in nutritional management from paren-
teral to enteral nutrition in the treatment of acute 
pancreatitis [12]. Due to the catabolic nature of 
AP, patients with severe pancreatitis are particu-
larly at risk for nutritional deficiencies [13]. 
Comorbid conditions such as alcohol use disor-
der place patients with mild or moderate pancre-
atitis also at risk since these patients are frequently 
malnourished [1, 14]. The Nutritional Risk 
Screening 2002 (NRS-2002) is a scoring system 
commonly used in hospitalized patients that may 
be helpful in AP; however, such scoring systems 
have not been validated in this population [1].

Based on moderate quality of evidence, the 
American Gastroenterological Association 
(AGA) 2018 guidelines gave a strong recommen-
dation for oral feeding as tolerated within 24 
hours over nothing by mouth as there was a 
higher risk of interventions for necrosis associ-
ated with delayed feeding when compared to 
early feeding [11]. Basing the initiation of oral 
feeds on serum lipase levels has not been shown 
to improve postprandial abdominal pain [15]. 
When oral feeding cannot be tolerated, enteral 
nutrition is recommended over parenteral nutri-
tion (PN) as this has been hypothesized to main-
tain the integrity of the gut and reduce bacterial 
translocation [11, 16]. Meta-analysis has shown a 
decrease in death, infection rates, multi-organ 
system failure, and need for operations when 
using enteral nutrition compared to initial use of 

total PN [13]. Timing of enteral nutrition is usu-
ally within 24 to 72 hours of presentation. With 
regard to the type of enteral nutrition, a standard 
polymeric formula is recommended; however, 
semi-elemental formulas may also be safe and 
well tolerated [1]. No significant differences have 
been shown in the ability to tolerate, complica-
tion rates, or mortality with the use of nasojejunal 
compared to nasogastric routes of feeding in 
those with severe AP [17–19]. In patients who 
develop intolerance to nasogastric feeding, due to 
delayed gastric emptying or gastric outlet 
obstruction, nasojejunal feeding may be pre-
ferred [1]. Parenteral nutrition may be used when 
patients are not able to tolerate oral or enteral 
feeding. Examples of these scenarios include 
bowel obstruction, ileus, or abdominal compart-
ment syndrome [20]. In severe AP, if intra- 
abdominal pressure is less than 20 mmHg, then 
nasojejunal feeding may be cautiously initiated 
with frequent monitoring of clinical condition 
with adjustment of rate accordingly. However, if 
greater than 20 mmHg or with abdominal com-
partment syndrome, parenteral nutrition should 
be started with enteral nutrition temporarily held. 
It is estimated that about 10–20% of patients with 
AP will go on to develop pancreatic necrosis 
which may necessitate necrosectomy. When min-
imally invasive necrosectomy is planned, oral 
food intake or enteral (when oral food cannot be 
tolerated) can be started within 24 hours of the 
procedure. It should be noted that specific data on 
nutrition-related outcomes are not present in this 
cohort of patients, and thus the aforementioned 
guidance is based on a consensus recommenda-
tion. In severe forms of compartment syndrome 
which require surgical intervention with decom-
pressive laparostomy, patients are in a hyper- 
metabolic state with high nitrogen losses due to 
open abdomen [21, 22]. Several studies have sug-
gested that enteral nutrition can be successfully 
started in these patients and may be associated 
with higher fascial closure rates [23].

In regard to immunonutrition therapy, it has 
been evaluated in AP and has shown value in 
decreasing complications and reducing hospital 
stay, but these results are limited to glutamine, 
and the studies assessed may have a significant 
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risk of bias [24, 25]. Thus, glutamine can be con-
sidered in parenteral form at 0.20 g/kg per day 
when enteral nutrition is not feasible [1]. 
Probiotics have been evaluated in patients with 
AP; however, no benefits have been derived from 
their use either on infection rate, length of stay, 
operation rate, or mortality.

 Chronic Pancreatitis: Introduction, 
Pathophysiology, and Clinical 
Presentation

Chronic pancreatitis (CP) can be defined as pro-
gressive inflammatory changes resulting in fibro-
sis of the pancreas and permanent damage which 
can lead to exocrine and/or endocrine dysfunction 
[26–30]. The prevalence of this condition has 
been reported to be between 13 and 52 per 
100,000. Alcohol is the most common cause of 
chronic pancreatitis and can also make the pan-
creas vulnerable when exposed to other insults 
such as smoking and in those patients with a 
genetic predisposition to pancreatitis. Genetic eti-
ologies of chronic pancreatitis include mutations 
in the PRSS1 and SPINK1 genes. In patients with 
idiopathic CP, CFTR gene mutations have been 
reported to be commonly seen. While medica-
tions may be the culprit in acute pancreatitis, they 
do not play a role in CP [31]. Less commonly, CP 
may also be seen in those with autoimmune pan-
creatitis (AIP), particularly type 2 over type 1 [31, 
32]. Pancreatic ductal abnormalities such as 
inflammatory strictures or tumors may lead to 
CP.  On the other hand, the congenital anatomic 
variant where the larger dorsal pancreas drains 
through the minor papilla, pancreatic divisum, is a 
rare cause of CP. Its presence with CFTR muta-
tion may increase the risk of developing CP [33]. 
The diagnosis is made in patients with clinical 
symptoms of abdominal pain, exocrine or endo-
crine insufficiency, and specific features on imag-
ing. Computed tomography (CT) or magnetic 
resonance imaging (MRI) may be used as first-
line diagnostic testing. Alternatively, endoscopic 
ultrasound (EUS) is pursued if the former modes 
are not able to establish the diagnosis of CP. Owing 
to cost, invasiveness, availability, and objectivity, 

EUS is reserved for cases of uncertainty in diag-
nosis [30, 34]. Pancreatic exocrine insufficiency 
(PEI) results when most pancreatic function 
(>90%) is lost and clinical signs and symptoms 
include steatorrhea, azotorrhea, vitamin deficien-
cies, and weight loss [35, 36]. In general, pancre-
atic function tests such as fecal elastase, secretin 
stimulation test, or 13C-mixed triglyceride test are 
not sufficient in establishing the diagnosis of CP; 
rather their roles are supportive since no clinical 
trials or systematic reviews/meta-analyses exist to 
recommend their routine use [37–40].

 Nutritional Assessment 
and Malnutrition

The daily caloric intake of lipids is up to 40% in 
the Western diet. Lipase is secreted in small 
amounts from gastric and salivary glands, but it 
comes primarily from the pancreas. Since lipase 
is not secreted by the intestinal brush border, pan-
creatic lipase is essential to lipid digestion and 
requires an acidic environment. Bicarbonate is 
reduced in CP causing the intraduodenal pH to 
fall to <4 potentiating lipase breakdown and 
resulting in fat malabsorption [41].

Malnutrition is a late manifestation of CP, and 
causes include pancreatic insufficiency and com-
mon comorbid conditions: alcohol abuse, smok-
ing, abdominal pain leading to decreased oral 
intake, and diabetes mellitus [1]. Weight loss can 
lead to sarcopenia, which may be present in up to 
17% of CP patients, possibly resulting in reduced 
functional capacity, reduction in quality of life, 
and decreased survival [42, 43]. Pancreatic insuf-
ficiency can lead to loss of fat-soluble vitamins, 
A, D, E, and K, increasing the risk of bone loss 
and the development of osteoporosis. Resting 
energy expenditure (REE) is variable in CP; how-
ever, small studies have shown that it may be 
increased in those that are underweight since 
weight loss coincides with increased metabolism. 
However, the exact etiology and mechanism for 
the increased metabolism is still unclear [44].

Nutritional assessment in CP should be 
assessed in a multimodal way to identify micro-
nutrient deficiencies, sarcopenia, or simple mal-
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nutrition. The categories evaluated may include 
anthropometry, biochemistry, symptoms, and 
body composition. Examples of anthropometric 
assessment include change in body weight, hand- 
grip strength, or mid-arm muscle circumference. 
Biochemical assessment consists of measure-
ments of fat-soluble vitamins, parathyroid hor-
mone, trace elements (magnesium, selenium, 
zinc), anemia (B12, folate), and glycemic control 
(hemoglobin A1c and blood glucose) [1, 45].

 Nutritional Management

 Micronutrient Deficiencies

Deficiency in each of the fat-soluble vitamins 
varies, but the most prevalent is vitamin D and 
vitamin K deficiency [46–49]. Patients with CP 
with or without proven PEI are at risk for defi-
ciencies in these vitamins [46, 50]. These vita-
mins should be monitored and supplemented in 
CP. Other trace elements such as zinc, selenium, 
and magnesium may also be low, and evaluation 
and supplementation should be considered [51]. 
Alcoholism may coexist in a cohort of CP 
patients; thus, thiamine deficiency should be 
assessed and replaced as needed [52]. Vitamin D 
deficiency, smoking, and minimal physical activ-
ity contribute to the development of osteoporosis 
in CP, and dual-energy X-ray absorptiometry 
(DEXA) scan can be used to identify those who 
are at high risk [26, 53]. In addition to recom-
mending the avoidance of smoking and increas-
ing physical activity, periodic testing for vitamin 
D deficiency and calcium and vitamin D supple-
mentation should be considered [30, 54]. It has 
been suggested that DEXA scan can be repeated 
every 2 years in those with osteopenia, but no 
specific recommendations exist for those with 
osteoporosis in this population [26].

 Diet

While in the past, low-fat diet was encouraged, 
this dogma is changing to recommending a bal-
anced diet and avoiding excessive restriction of 

fat [26, 55–58]. High-fat diets may be associ-
ated with earlier diagnosis and persistent 
abdominal pain. No significant association has 
been found with development of PEI, diarrhea, 
or diabetes [59]. Modest dietary fat restriction 
can be considered if steatorrhea is not well con-
trolled or abdominal pain is persistent [36, 57]. 
The use of medium-chain triglycerides (MCTs) 
in PEI has been proposed since these are less 
dependent on lipase for absorption compared to 
long-chain fatty acids. However, MCTs have 
not shown any added benefit with concomitant 
pancreatic enzyme use, have a lower energy 
density, and are associated with adverse effects 
such as pain and diarrhea, limiting use [36, 48, 
60]. In regard to a high-fiber diet, it is possible 
this may lead to increased fecal fat losses due to 
inhibition of pancreatic enzyme replacement 
therapy (PERT); however, this is based on lim-
ited and weak evidence [36, 57, 61]. 
Practitioners may consider suggesting lower-
fiber diets to patients with excessive weight 
loss or symptoms [1]. Oral nutritional supple-
ments may be beneficial in a subset of patients 
to improve overall caloric intake, but no single 
formula is recommended in CP [36]. Enteral 
nutrition may be considered in those not 
responding to oral nutrition and is used in up to 
5% of CP patients. Clinical scenarios where 
oral nutritional supplementation may be insuf-
ficient can be seen in those with pain, delayed 
gastric emptying, and persistent nausea, vomit-
ing, and weight loss [36, 62]. Nasogastric or 
nasojejunal tubes can be considered, with lim-
ited data on the type of enteral formulation to 
use; however, semi-elemental or elemental 
options may be best suited for jejunal nutrition 
[63]. Parenteral nutrition (PN) may be used 
when enteral nutrition is unsuccessful. Enteral 
nutrition is preferred when feasible as it pre-
serves mucosal immune function [11]. The use 
of PN increases the risk of catheter-associated 
infections but may be unavoidable in cases 
where a tube cannot be placed successfully 
such as in cases complicated by obstruction, 
stenosis, and fistulizing disease [36, 58, 64]. It 
is generally used as a short-term modality of 
nutrition in CP [1].
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 Pancreatic Enzyme Replacement 
Therapy (PERT)

PERT is used in CP and PEI to promote weight 
gain via enhanced macronutrient and fat-soluble 
vitamin absorption as well as to improve quality 
of life. It should be started when clinical, anthro-
pometric, and/or biochemical signs of 
 malnutrition are present [30, 36, 51, 65–67]. The 
coefficient of fat absorption (CFA) is the out-
come that the FDA utilizes for approval of these 
products. Normal CFA is >93%, and clinically 
meaningful decrease in fat is 30% or more, par-
ticularly in those with CFA <40% prior to the use 
of PERT.  Enzyme use may reduce fecal fat, 
thereby improving weight gain and quality of 
life; however, it may not be useful in treating 
abdominal pain [30, 68]. The enzymes can be 
taken before, during, or after meals as no signifi-
cant difference has been observed in fat malab-
sorption and timing of administration, except 
with enteric coated mini-microsphere-type 
enzymes where dosing just after or with a meal 
compared to before the meal may enhance fat 
digestion [69]. Vitamin supplementation with 
PERT may additionally improve serum vitamin 
levels [70]. With regard to monitoring efficacy of 
PERT, symptom improvement and improvement 
in nutritional parameters (anthropometric or bio-
chemical) are often used [71, 72]. If these param-
eters have not improved, then compliance may be 
poor, and pancreatic function tests, such as fecal 
fat, may be obtained [73]. Other considerations 
for ineffectiveness include PERT dosage. The 
usual dose is 20,000–50,000 pharmacology units 
(PhU) of lipase with meals and half the dosage 
with snacks [73]. A recent guideline suggests 
ensuring adequate dosage which may be 40,000–
50,000 USP units of lipase with each meal [30]. 
Dosing for children is outside the scope of this 
chapter. However, high doses should be avoided 
in children, specifically, as there is risk of fibros-
ing colonopathy [74]. The addition of a proton 
pump inhibitor (PPI) is thought to improve fat 
digestion, but this is controversial and has not 
been shown to consistently decrease fat malab-
sorption except in non-enteric coated formula-
tions of enzymes [75]. When symptoms are 

persistent despite adequate doses of PERT, small 
intestinal bacterial overgrowth may be the cul-
prit, as this condition can be present in up to 15% 
of patients with CP [76].

 Role of Surgery

The surgical treatment of chronic pancreatitis 
can range from endoscopic sphincterotomy and/
or pancreatic duct stenting to surgical drainage 
procedures such as pancreaticoduodenectomy 
and Frey, Beger, Puestow, and Berne procedure. 
For pain in obstructive chronic pancreatitis, sur-
gery is recommended when first-line endoscopic 
pancreatic drainage options are unsuccessful. 
Anatomic changes causing changes in bile tran-
sit and extent of pancreatic resection should be 
considered, and postoperative PERT may be 
required and/or diabetes mellitus may develop 
[30, 64]. Additionally, some centers may per-
form total pancreatectomy with islet cell auto-
transplantation to prevent diabetes mellitus. Up 
to 40% of patients receiving islet cell autotrans-
plantation are independent of insulin, having 
implications on nutrition. Those that do not 
achieve insulin independence require small 
amounts of insulin to achieve appropriate glyce-
mic control [77].

 Post-cholecystectomy (CCY): 
Introduction, Pathophysiology, 
and Clinical Presentation

Gallstone disease is a significant health concern 
in the American population affecting up to 
10–15% of adults. Surgery for cholelithiasis 
has increased since 1950 with further increases 
after 1989 due to the introduction of laparo-
scopic cholecystectomy. In the United States, 
cholecystectomy is one of the most commonly 
performed elective abdominal surgeries [78]. 
While the gallbladder is not a vital organ, it 
plays an important role in digestion, and its 
removal results in nutritional consequences. 
The post-cholecystectomy state has been asso-
ciated with altered gastrointestinal motility 
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leading to diarrhea, possible changes to glut 
flora, and metabolic effects [79]. These conse-
quences can present with diarrhea, abdominal 
pain, and bloating, termed post- cholecystectomy 
syndrome occurring in 5–40% of people [79, 
80]. Additionally, patients are at risk for an 
increased body mass index and fat- soluble vita-
min deficiencies [79].

The liver makes 1000 milliliters of bile every 
day, and bile acids are the final products of cho-
lesterol metabolism. These are involved in fat 
digestion but may also play a part in regulating 
glucose metabolism and energy expenditure. The 
bile is stored in the gallbladder until hormones 
such as cholecystokinin and fibroblast growth 
factor (FGF) stimulate gallbladder contraction 
[79]. Cholecystectomy alters this physiology by 
causing unregulated secretion of secondary bile 
acids resulting in altered gastrointestinal motility 
and diarrhea. Metabolic consequences such as 
the onset of non-alcoholic fatty liver disease 
(NAFLD) may occur from the increased rate of 
bile acid enterohepatic circulation after cholecys-
tectomy [79].

 Post-cholecystectomy (CCY): 
Nutritional Management

Immediately post-cholecystectomy, a low-fat 
diet is recommended for two reasons. Lipid 
digestion requires more bile acids than can be 
provided in the acute absence of a gallbladder 
leading to a decrease in gastric emptying and 
stasis- associated gastritis. Additionally, diar-
rhea can occur from bile salt irritation of the 
colon. Cholestyramine, a bile acid sequestrant, 
may be used to mitigate these effects. 
Simultaneous administration of fat- soluble 
vitamins (A, D, E, K) may be useful if using 
this medication as cholestyramine can affect 
absorption [79]. The post-cholecystectomy 
syndrome may occur more often with certain 
food choices such as animal protein, choles-
terol, or eggs and less so with vegetable intake 
3 months after cholecystectomy, but future 
clinical trials are needed to confirm this rela-
tionship [81].

 Chronic Liver Disease: Introduction

The most common causes of cirrhosis are viral 
hepatitis (chronic hepatitis B and C), non- alcoholic 
steatohepatitis (NASH), and alcohol- related liver 
disease [82, 83]. Less common causes include 
genetic causes of liver disease such as autoim-
mune hepatitis, primary biliary cholangitis, pri-
mary sclerosing cholangitis, Wilson’s disease, and 
alpha-1 antitrypsin deficiency [83–85].

The prevalence of chronic liver disease has 
changed over time due to advances in treatment 
in hepatitis C and the rise in obesity. In the United 
States, the prevalence of chronic hepatitis B and 
alcoholic liver disease has remained largely sta-
ble from 1988 to 2016 at 0.3–0.4% and 0.8–1.0%, 
respectively. Presumably due to advances in hep-
atitis C treatment, the prevalence of chronic hep-
atitis C has decreased from 1.6% to 0.9% during 
this time period. Conversely, the prevalence of 
NAFLD has increased from 20% to 31.9% [86]. 
Globally, in 2017, there were 10.6 million cases 
of decompensated cirrhosis and 112 million cases 
of compensated cirrhosis [87].

Symptoms of compensated cirrhosis may be 
nonspecific such as anorexia, weight loss, or 
fatigue, while those with decompensated cirrho-
sis may present with variceal bleeding, ascites, or 
hepatic encephalopathy (HE) [83]. The preva-
lence of hepatic encephalopathy may be higher in 
cirrhotic patients with malnourishment; however, 
this is controversial [88]. Physical exam findings 
of progressive cirrhosis include jaundice, spider 
angiomata, splenomegaly, ascites, caput medusa, 
or asterixis [83]. The pathophysiology of hepatic 
encephalopathy is complex involving factors 
such as ammonia, cytokines, and GABA with 
recent studies also citing relationships with 
microbiota and aromatic amino acids. In cirrho-
sis, ammonia-rich blood is shunted to the sys-
temic circulation and crosses the blood-brain 
barrier where glutamine synthetase converts 
ammonia and glutamate to glutamine. Excess 
glutamine creates an osmotic gradient leading to 
swelling of astrocytes, which contributes to cere-
bral dysfunction. Intestinal dysbiosis may also 
contribute to HE as cirrhotic patients tend to have 
increased Bacteroides/Firmicutes ratio and 
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increased Enterobacteriaceae. Treatment with 
lactulose and rifaximin results in the decrease in 
ammonia load and/or production and alteration in 
microbiota composition. Malnutrition also plays 
a key role in the pathophysiology of HE since the 
muscle is an important site for nitrogen metabo-
lism. Malnutrition and sarcopenia occur in 
 cirrhotic patients for numerous reasons such as 
anorexia, early satiety, and ascites, and muscle 
loss is associated with an increased risk of hepatic 
encephalopathy and overall mortality [89].

 Nutritional Considerations 
in Chronic Liver Disease (CLD)

Malnutrition is a prevalent condition in patients 
with liver cirrhosis, estimated to occur in about 
20–50% of patients. It is often recognized more in 
those with decompensated cirrhosis than in com-
pensated cirrhosis and is associated with progres-
sion to liver failure [90]. Malnutrition in cirrhosis 
relates to the accelerated loss of both fat and mus-
cle. Excessive muscle loss is implicated in sarco-
penia [91]. Severe malnutrition is associated with 
complications of chronic liver disease including 
infections, hepatic encephalopathy (HE), and asci-
tes [92–94]. Furthermore, nutrition assessment in 
cirrhotic patients serves a prognostic role in cir-
rhosis. An example of a nutritional assessment tool 
is the Royal Free Hospital- Nutritional Prioritizing 
Tool which may be useful to predict disease pro-
gression and outcomes [95]. In addition to under-
nutrition, obesity is also observed in cirrhotic and 
post-transplant patients. When obesity is seen in 
the setting of enhanced skeletal muscle loss, it is 
called sarcopenic obesity [96–98].

Patients diagnosed with cirrhosis are at 
increased risk of malnutrition secondary to a 
variety of factors. Cirrhosis is a state of hastened 
starvation where metabolism changes from using 
carbohydrates as its primary fuel to fatty acids 
(i.e., ketosis). In this state, protein synthesis is 
also decreased, and gluconeogenesis from amino 
acids is increased. This process requires proteol-
ysis and subsequent breakdown of muscle tissue, 
contributing to sarcopenia. External factors such 
as parageusia, fasting, and decreased absorption 

from impaired gut motility due to portal hyper-
tension compound the state of accelerated starva-
tion in this population [99–103].

Decompensated cirrhosis may affect REE as 
suggested by a small study where ascites was 
shown to increase rates of energy expenditure 
[104]. However, there have been conflicting 
results in regard to the correlation between REE 
and different levels of disease severity and fluid 
retention [105–107]. The process of gluconeo-
genesis may also be implicated, as this is an 
energy-dense process [99, 102, 108, 109].

The general daily caloric requirements in liver 
cirrhosis are at least 35 kcal/kg/day [110, 111]. 
This is in comparison to the average daily caloric 
requirement in a healthy individual of 25–35 kcal/
kg/day [112]. It is thought that frequent feeding 
can prevent accelerated starvation and proteolysis 
by reducing fasting time, for example, by imple-
menting an early morning breakfast and a late 
evening snack [113]. A snack containing protein 
is recommended. Protein intake in cirrhosis has 
been previously controversial, particularly as a 
precipitant of hepatic encephalopathy (HE). 
However, studies have shown that normal to high-
protein intake does not precipitate HE [114, 115]. 
Ideal protein intake in cirrhotic patients is 1.2–1.5 
g/kg of body weight/day, which is also higher 
than the standard recommendation of 0.8–1.0 g/
kg body weight/day [100, 111, 116].

Nutrition supplementation plays an integral 
role in the management of various stages of liver 
disease. Micronutrient deficiencies are common 
in cirrhosis, namely, zinc, vitamin A, and sele-
nium. Supplementation with zinc or replacement 
therapy with vitamin A may improve dysgeusia 
and thereby improve nutritional state [117, 118].

 Malnutrition in Patients Undergoing 
Liver Transplantation and Liver 
Surgery

Malnourished cirrhotic patients have a high risk of 
post-op morbidity and mortality; however, the use 
of ERAS (enhanced recovery after surgery) proto-
cols which focus on avoidance of prolonged pre-
operative fasting with the addition of carbohydrate 
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loading 2 hour prior to surgery, early postoperative 
feeding, and mobilization postoperatively may 
improve morbidity and length of stay [119–124]. 
A goal of 30–35 kcal/kg/day and a protein intake 
1.2–1.5 grams/kg/day should be achieved preop-
eratively. Standard enteral supplementation can be 
used since a specific regimen has not been shown 
to be superior with regard to morbidity and mortal-
ity. Targets for obese patients include a reduced 
intake of 25 kcal/kg body weight/day and enhanced 
protein intake of 2.0–2.5 g/kg body weight/day 
[88, 110, 125, 126]. After liver transplantation, 
enteral nutrition or oral diet should be started 
within 12–24 hours [88, 125, 126]. Early nutrition 
postoperatively may reduce complication rate, 
length of mechanical ventilation, and stay in inten-
sive care unit [88, 126].

 Management of Specific Disease 
States

 Chronic Cholestasis
Cholestasis is defined by impaired bile flow or 
production; however, bile is needed for the diges-
tion of macronutrients, especially fat. This condi-
tion is common in patients with infections, 
infiltrative liver disease, and congenital diseases 
such as primary biliary cirrhosis [127, 128]. 
Clinically, cholestasis presents as jaundice, dark 
urine, pruritus, and steatorrhea. Since bile flow is 
impaired, fat is not absorbed, including fat- 
soluble vitamins, A, D, E, and K. If bilirubin lev-
els are >2 mg/dl, then nutritional modifications 
should be considered [128]. A fat-restricted diet 
of <20 grams/day can be useful in managing 
symptoms of steatorrhea; however, medium- 
chain triglycerides (MCTs) can be added to the 
diet to prevent weight loss and improve tolerabil-
ity [128, 129]. The bile is not required for absorp-
tion of MCTs as they are absorbed via the portal 
system by passive diffusion [128]. A fat-restricted 
diet lasting more than 3 weeks will also require 
replacement of essential fatty acids from sources 
such as flaxseed, sunflower, or corn oils to avoid 
deficiencies [128, 129]. Metabolic bone disease 
can result from poor absorption of vitamin D and 
the direct effect of hyperbilirubinemia on osteo-
blast function, though this mechanism is not well 

elucidated. DEXA scans should be done every 2 
to 4 years with supplementation of calcium and 
vitamin D in those who require it [128, 130]. In 
chronic cholestasis conditions, all fat-soluble 
vitamins should be checked and then repleted 
appropriately [128].

 Hepatic Encephalopathy
Malnourished cirrhotic patients tend to suffer 
more from hepatic encephalopathy (HE) com-
pared to those who are not. An association 
between HE and zinc deficiency has been 
described in case reports; however, randomized 
controlled trials (RCTs) have not shown marked 
clinical benefit with zinc supplementation 
[131–133].

Sarcopenia is an independent risk factor for 
encephalopathy after transjugular intrahepatic 
portosystemic shunt (TIPS) placement as the 
muscle plays a crucial role in ammonia removal 
via synthesis of glutamine [134–136]. Protein 
restriction was previously thought to be helpful in 
prevention of HE; however, this dogma has been 
debunked by a number of studies [137–140]. 
Protein recommendations for cirrhotic patients 
are 1.2–1.5 g/kg of body weight/day. A random-
ized controlled trial by Cordoba et al. showed that 
protein restriction may increase catabolism and 
has no benefit on the course of HE when com-
pared to normal protein diets [111, 141]. If the 
patient has refractory HE, then a lower protein 
goal of 0.8–1.0 g/kg/day may be considered [142].

The branched-chain amino acids (BCAA), 
valine, leucine, and isoleucine, act as substrates 
for protein synthesis and regulate nutrient path-
ways in metabolism [143]. Dysregulation in met-
abolic pathways can result in hepatic 
encephalopathy as evident in patients with liver 
disease. The ratio of BCAA to aromatic amino 
acids (AAA) may be decreased with BCAA sup-
plementation allowing for less aromatic amino 
acids to cross the blood-brain barrier. 
Supplementation is hypothesized to also improve 
the detoxification of ammonia. A systematic 
review and meta-analysis showed oral BCAA 
seems to have benefit on HE but may be associ-
ated with nausea and diarrhea. No high-quality 
evidence could be found to support the use for or 
against BCAA in regard to the outcomes of 
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 mortality, quality of life, or nutritional status, and 
further trials are needed to guide therapy [144].

 Alcoholic Steatohepatitis
Malnourished alcoholic steatohepatitis (ASH) 
patients have poorer survival compared to non- 
malnourished patients [145]. Deficiency in trace 
elements is expected given poor oral intake in 
patients with severe ASH. Common micronutri-
ent deficiencies include B vitamins, zinc, vitamin 
D, and thiamine. High-quality evidence is lack-
ing in regard to whether screening and replenish-
ment of all micronutrient deficiencies result in 
clinical improvement; however, guidance docu-
ments have suggested in doing so [103, 146].

Supplemental oral nutrition may be beneficial 
for improving infection rates. No definitive ben-
efit on mortality for this population has been 
found, and further trials for both outcomes are 
needed [147–149]. Reduced caloric intake has 
been associated with higher mortality in severe 
ASH [150]. Data in support of nocturnal supple-
mental calories in cirrhotic patients has been 
reported to reduce duration of starvation [113]. 
Though patients with ASH have not been specifi-
cally studied, this recommendation may be 
extrapolated to include this patient population 
since alcoholic cirrhosis is a state of accelerated 
starvation similar to cirrhosis [113, 151]. Because 
reduced caloric intake is associated with higher 
mortality in severe ASH, supplemental enteral 
nutrition should be considered when oral nutri-
tion alone does not suffice [150].

Parenteral nutrition (PN) is recommended in 
this population when moderate or severe malnu-
trition is present and patients cannot achieve ade-
quate nutrition via enteral route [151]. This can 
come in different forms, and supplemental amino 
acids with or without glucose infusions are often 
recommended. If the fasting period is anticipated 
to be greater than 12 hours, then infusion of glu-
cose or peripheral hypocaloric PN can be used to 
avoid prolonged periods of starvation [88, 152–
156]. If fasting is required more than 72 hours, 
total parenteral nutrition may be required, which 
also includes provision of lipids [156]. Parenteral 
nutrition is usually short term; nevertheless, fat- 
soluble vitamins and trace elements should be 
administered concomitantly. To prevent 

Wernicke’s encephalopathy in malnourished 
patients, thiamine should be administered prior 
to starting PN [156–159].

 Acute Liver Failure
Acute liver failure (ALF), a clinical entity char-
acterized by severe rapid decline in hepatic meta-
bolic function presenting as encephalopathy and 
coagulopathy, causes derangements in metabo-
lism. Unlike liver cirrhosis, these patients typi-
cally do not have baseline malnutrition as a result 
of chronic liver disease [160]. Energy expendi-
ture is increased in patients with ALF, up to 
18–30%, similar to other critically ill patients. 
Because of significant loss of hepatic function, 
there are alterations in metabolism for carbohy-
drates, proteins, and lipids. This may manifest as 
impairments in glucose production, clearance in 
lactate, and breakdown of protein, the latter of 
which is associated with hyperammonemia. Just 
as in malnourished cirrhotic patients, there is a 
decrease in branched-chain amino acids in this 
population [88, 160–163].

An alteration between glucose release and net 
glucose uptake is also commonly present in this 
population. Hypoglycemia is a sequela of ALF 
resulting from depletion in hepatic glycogen, 
impaired gluconeogenesis, and hyperinsulinemia 
because of increased secretion and reduced deg-
radation [160, 164–166]. Hypoglycemia moni-
toring should occur frequently, approximately 
every 2 hours. In the intensive care unit, it can be 
managed with continuous glucose infusions. 
Enteral nutrition and parenteral nutrition are a 
means to prevent hypoglycemia. Hyperglycemia 
should be avoided due to the risk of exacerbating 
intracranial hypertension [160].

Micronutrient derangements in ALF include 
phosphate, magnesium, and potassium levels, 
and it is important to treat underlying etiology. 
Examples of etiology include ischemia and kid-
ney injury [160]. Vitamin and mineral deficien-
cies should also be considered based on etiology 
of acute liver failure. Information obtained in the 
clinical setting such as history suggestive of alco-
hol or drug abuse may signal concomitant risk of 
vitamin B12, thiamine, and fat-soluble vitamin 
deficiency. Zinc plays a role in the conversion of 
ammonia to urea and may have a link in the 
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pathophysiology of hepatic encephalopathy; 
however, the benefit of empiric treatment for HE 
with zinc is not clear as previously discussed 
[160]. Aside from management of micronutrient 
deficiencies, assessing a patient’s baseline meta-
bolic status is important. For example, obese 
patients with ALF are at a higher risk of death 
(OR 1.6–1.9) or need for transplantation (OR 
3.4) compared to those who are not obese [167].

It has been suggested that nutrition support 
may positively impact the length of stay and 
severity of ALF; thus these critically ill patients 
should be screened for malnutrition. One such 
screening tool that may be used is the Nutrition 
Risk in the Critically Ill (NUTRIC) score. 
Practitioners should remember that a multidisci-
plinary team-based approach, including a dieti-
cian, is important when treating patients with 
ALF [160]. Oral nutrition is ideal; however, as 
altered mental status is part of the definition of 
acute liver failure, HE may limit oral nutrition 
intervention. In these cases, other modes such as 
enteral or parenteral nutrition should be consid-
ered. Enteral is preferred over parenteral because 
bacterial translocation may occur and feeding the 
bowel enhances recovery and reduces infection 
risk. If enteral therapy is not feasible, then paren-
teral nutrition (TPN) should be considered 5–7 
days after presentation [168]. There is no clear 
benefit of starting before this in regard to mortal-
ity when data was extrapolated from a general 
critically ill patient population [11, 169, 170]. 
With regard to choice of TPN, lipid preparations 
seem safe; however, in those with marked mito-
chondrial dysfunction, lipid metabolism may be 
impaired and leads to liver insult [168]. Fat- 
related liver injury has been associated with the 
use of propofol for sedation; thus, a fat profile, 
with a triglyceride level <3 mmol/L, should be 
targeted [168].

 Non-alcoholic Fatty Liver Disease 
(NAFLD) and Non-alcoholic 
Steatohepatitis (NASH)
NAFLD is a diagnosis of exclusion character-
ized by ≥5% of hepatic fat accumulation. Its 
prevalence has increased over the last 20 years, 
and the global prevalence is estimated to be as 
high as 1 billion [171]. Fibrosis stage in NAFLD 

is independently associated with mortality, liver 
transplantation, and decompensation events. 
Patients with fibrosis have shorter survival com-
pared to patients without fibrosis [172]. The car-
diovascular mortality and risk of developing 
diabetes are higher in NAFLD patients [173–
176]. The progression from NAFLD to NASH 
involves dysbiosis and alterations in the gut-
liver axis [177]. A weight loss of 10% of total 
body weight (TBW) in NASH patients has 
shown to improve fibrosis and even results in 
resolution of NASH [178–187]. Weight loss of 
5–7% TBW may result in improvement in ste-
atosis but may not affect fibrosis [186–191]. 
Lifestyle interventions with hypocaloric diet 
and exercise should be implemented to achieve 
weight loss [181, 186, 190, 192, 193]. With 
regard to the type of low-calorie diet, either a 
low-carbohydrate or low-fat diet can result in 
loss of intrahepatic lipids [188]. There is ongo-
ing research with regard to fructose metabolism 
and insulin resistance which suggests a low- 
carbohydrate diet may have treatment implica-
tions in NAFLD [194]. Exercise has also been 
shown to improve hepatic triglyceride content 
independent of weight loss and should be addi-
tive to diet changes [195–198]. High-protein 
diets (animal or plant protein) have been shown 
to reduce intrahepatic fat and improve insulin 
resistance [199]. A Mediterranean-based diet 
has shown to be beneficial in reducing body 
weight, improving insulin sensitivity, and reduc-
ing hepatic steatosis and fibrosis in NAFLD 
patients, and this is the diet currently recom-
mended by the European Association for the 
Study of the Liver (EASL) [200–212]. Guidance 
documents have additionally suggested to avoid 
processed and high-fructose-based food and 
beverages, which are also tenets common to the 
Mediterranean diet [213].

A pilot trial was conducted with the inter-
ventions of vitamin E and pioglitazone for the 
treatment of NASH when Sanyal and col-
leagues described that both insulin resistance 
and oxidative stress played a pathophysiologic 
role in NASH [214]. A little over a decade 
later, a  meta- analysis based on high-quality 
evidence showed that vitamin E compared to 
placebo improved ballooning degeneration in 
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patients with NASH [215]. However, there 
have been concerns in regard to the dosage of 
vitamin E and safety. A large meta-analysis 
suggested that a dosage >400 IU per day was 
associated with increased mortality; however, 
the population studied were patients with 
chronic diseases, and thus the ability to extrap-
olate this to healthy adults is unclear [216]. 
With regard to other antioxidants such as vita-
min C, resveratrol, bayberries, or omega-3 
fatty acids, not enough data is available with 
regard to efficacy for the treatment of NAFLD/
NASH [217–220].

 Conclusion

Considering the importance of hepatic and pan-
creaticobiliary function on overall nutrition, it is 
not surprisingly dysfunction in these organ sys-
tems can result in nutritional deficiencies, malnu-
trition, and sarcopenic obesity. Understanding 
underlying etiology of disease and treating con-
comitant nutritional complications can improve 
patient symptoms, morbidity, and mortality 
(Figs. 7.1 and 7.2).

Chronic pancreatitis: 
- Abdominal pain

- Pancreatic exocrine 

insufficiency: steatorrhea, 

azotorrhea, vitamin deficiencies, 

and weight loss

Chronic Liver Disease

Monitor and supplement for:
1. Fat soluble vitamins A, D, E and K 

2. Trace elements (zinc, calcium)

3. DEXA scans should be done every 2 to 4 years 

Liver cirrhosis
(cholestasis):
-compensated:anorexia,  
weight loss or fatigue
-decompensated:variceal  
bleeding, ascites, or HE

Additionally, HE:
Potassium and 
Sodium 

Alcoholic 
steatohepatitis (ASH): 
- Abdominal pain, dry 
mouth,fatigue,jaundice, 
loss of appetite, and 
nausea.

Hepatic 
encephalopathy (HE):
-altered level of 
consciousness,changes 
in mood, or personality, 
and coma
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Additionally, ASH:
thiamine and other 
B vitamins 

1. In mild or no symptoms-
balanced diet (avoid excessive 
restriction of fat)
2. With symptoms:  Modest dietary 
fat restriction can be considered
3. Use of medium chain 
triglycerides have not shown any 
added benefit with pancreatic 
enzyme replacement
4. Consider lower fiber diets with  
pancreatic enzyme replacement 

1. Use pancreatic enzyme 
replacement (40,000-50,000 units)
to promote weight,improve fat  
soluble vitamin absorption and to 
improve quality of life
2. Consider surgery if abdominal  
pain in obstructive chronic 
pancreatitis

-Caloric requirements at least 35 kcal/kg/day 
-frequent feeding with early morning breakfast and a late evening snack to prevent 
accelerated starvation 
-Protein intake in cirrhotic patients is 1.2-1.5 g/kg of body weight/day

Cholestasis and steatorrhea : 
Fat restricted diet (<20 g/day) 
and medium chain triglycerides 
with replacement of essential 
fatty acids 

HE and “normal 
protein intolerant”:
vegetable proteins or 
branched chain amino 
acids 0.25 g/kg/day

ASH: Supplemental 
oral nutrition 
especially nocturnal 
may be beneficial

Cholestasis:
Treatment if concomitant 
obstructive disease 

HE:
Treatment with 
lactulose and 
rifaximin 

ASH: 
Parenteral nutrition 
for moderate/severe 
malnutrition and if 
patients cannot 
achieve adequate 
nutrition via enteral  
route

Fig. 7.1 Summary of nutritional considerations in chronic pancreatic and hepatic disorders. (Refer to text for details 
and references)
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Gastrointestinal Malignancies

Ryan Fecteau and AnnMarie Kieber-Emmons

 Diet and Gastrointestinal 
Malignancy

Diet can influence tumorigenesis through pro- 
inflammatory and carcinogenic pathways from 
tumor initiation to malignant conversion and can-
cer progression [1–4]. There are many studies 
that aim to identify dietary components that mod-
ulate cancer risk. While all studies try to limit 
bias, residual confounding factors from other 
dietary constituents and lifestyle habits can be 
difficult to eliminate. Most studies are observa-
tional in nature, although there have been a few 
randomized controlled trials. While the data can 
be inconsistent, there are certain dietary factors 
that have been positively correlated with gastro-
intestinal malignancies. The next sections will 
focus specifically on dietary risks in regard to the 
most common gastrointestinal malignancies: 
colon cancer, gastric cancer, and esophageal 
cancer.

 Colorectal Cancer

Colorectal cancer (CRC) is the second leading 
cause of cancer death in the United States. 
Approximately 1 in 25 people will be diagnosed 
with colon cancer during their lifetime [5]. 
Globally, the highest incidence and death rates 
are found in Australia, high-income Asia Pacific, 
and Western Europe, while the lowest rates are in 
South Asia, Central Sub-Saharan Africa, and 
Western Sub-Saharan Africa [6]. Plausible expla-
nations of geographical differences in rates, both 
between and within countries, include socioeco-
nomic factors such as access to healthcare and 
preventative services, environmental and dietary 
exposure, and genetic predisposition. It is often a 
combination of the aforementioned factors and 
population-based studies have attempted to 
define these complex interactions. An analysis of 
10 years of prospective data from over 500,000 
participants in the National Institutes of Health- 
AARP Diet and Health report found that differ-
ences in heath behaviors such as dietary intake, 
activity levels, and smoking each accounted for 
8–20% of the associations seen between the risk 
of colorectal cancer and socioeconomic status or 
education level. When these health behaviors are 
combined with BMI, they found this accounted 
for 36% of the association [7]. Genome-wide 
association studies (GWAS) have also examined 
whether inheritable genetic variants may interact 
with dietary factors to modulate the individual 
risk with inconclusive results.
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 Red Meat and Colorectal Cancer
The International Agency for Research on Cancer 
(IARC) regularly evaluates and reviews the carci-
nogenic risk associated with red meat. They 
define red meat to include any unprocessed mam-
malian muscle tissue such as beef, veal, pork, 
lamb, mutton, horse, and goat [8, 9]. Geographical 
and cultural influences dictate the proportion of 
the population that consumes red meat and varies 
from less than 5% up to 100%, with an estimated 
average daily intake of 50–100 g per person [8, 
9].

Per the most recent IARC monograph assess-
ing the current body of evidence on red meat and 
its association with cancer, they classified red 
meat consumption as a Group 2A carcinogen or 
“probably carcinogenic to humans.” This recom-
mendation is based on mixed epidemiological 
data showing what is felt to be a positive associa-
tion between red meat consumption and CRC, 
which is further supported by mechanistic data in 
animal models [8, 9].

The epidemiological data supporting the asso-
ciation between red meat consumption and CRC 
is mostly observational and includes cohort and 
case-control studies from around the globe. The 
IARC review lends more weight to prospective 
cohort studies, with population-based case- 
control studies and meta-analyses providing 
additional support. About half of the studies 
examined showed a positive association between 
red meat consumption and CRC. However, since 
several of the case-control studies did not show a 
clear association, the conclusion was that there is 
limited evidence to support the carcinogenicity 
of red meats [8–10].

The mechanistic data from animal models 
is felt to be strong in support of the carcino-
genic potential of red meat. Heterocyclic aro-
matic amines (HAAs) are converted to 
genotoxic metabolites that induce DNA dam-
age and similarly, alkylating N-nitroso com-
pounds (NOCs) induce DNA adducts that 
promote carcinogenesis in animal models 
(Table  8.1) [11, 12]. Additionally, there is 
mechanistic data supporting the carcinogenic 
potential of ingested heme iron by acting 
either through direct cytotoxic damage on 

mucosal epithelium or by peroxidation of lip-
ids with resultant NOC formation [13].

The individualized risk of red meat consump-
tion and colorectal malignancy may be depen-
dent on underlying genetics. A study examining 
approximately 2.7 million genetic variants in 
over 9000 cases and controls of colorectal cancer 
annotated with associated dietary intake vari-
ables found a significant interaction between a 
variant in the gene GATA3 and processed red 
meat consumption. In individuals harboring this 
variant, the odds ratio (OR) for colon cancer 
associated with red meat consumption was 1.20 
for heterozygous and 1.39 for homozygous indi-
viduals, indicating genetics may play a role in 
pathogenesis [14].

In addition to genetic and socioeconomic fac-
tors that influence dietary habits and modulate 
risk, certain preparations of red meat have also 
been shown to have variable attributable risk. 
High-temperature cooking techniques such as 
pan-frying and barbequing, which enhance 
digestibility as well as improve taste and texture 
of meat, also lead to production of carcinogenic 
compounds such as heterocyclic aromatic amines 
(HAAs) and polycyclic aromatic hydrocarbons 
(PAHs) (Table 8.1) [8, 9].

 Processed Meat and Colorectal Cancer
Processed meat includes any meat or meat by- 
product such as blood that has been externally 
processed to improve flavor or preservation via 

Table 8.1 Summary of carcinogenic compounds found 
in red meat, processed meat, and cooking method

Meat/cooking 
method

Carcinogenic 
components References

Red meat N-nitroso compounds 
(NOCs), heme iron, 
heterocyclic aromatic 
amines (HAA)

[8–12]

Processed meat N-nitroso compounds 
(NOCs), polycyclic 
aromatic hydrocarbons 
(PAHs)

[8–10]

High-temperature 
cooking/charring 
(barbecuing, 
pan-frying)

Increased levels of 
heterocyclic aromatic 
amines (HAAs), 
polycyclic aromatic 
hydrocarbons (PAHs)

[8, 9]
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smoking, salting, fermenting, or curing [8]. 
Common processed meats include sausage, 
bacon, ham, beef jerky, and corned beef. This 
processing can result in the formation of N-nitroso 
compounds (NOCs) and polycyclic aromatic 
hydrocarbons (PAHs) which have been shown to 
cause DNA damage and promote carcinogenesis 
in animal models [8, 9]. Geographical and cul-
tural influences dictate the proportion of the pop-
ulation that consumes processed meat and varies 
worldwide from less than 2% to greater than 
90%. In the United States, 65% of the population 
consume processed beef meat, while a mere 
0.07% consume processed goat meat [8, 9].

The IARC has classified processed meat as a 
Group 1 carcinogen or “carcinogenic to humans.” 
This recommendation is based on substantial epi-
demiological data including positive associations 
with CRC in 12 of 18 cohort studies, 6 out of 9 
case-control studies [9], and a meta-analysis that 
defined a dose-dependent relationship in risk for 
each 50 g per day of processed meat consumed 
(RR, 1.18; 95% CI = 1.10–1.28) up until approxi-
mately 140 g/day [15].

 Whole Grains, Fruits, Vegetables, 
and Colorectal Cancer
Evidence suggests that diets rich in whole grains, 
fruits, and vegetables may be beneficial in the 
prevention of CRC. A recent meta-analysis found 
that whole grain ingestion reduces the risk of 
CRC by 11% (RR, 0.89; 95% CI, 0.84–0.93; 
P < 0.001) but cites slight heterogeneity and lack 
of high-quality epidemiological studies as limita-
tions [16]. Although more high-quality studies 
are needed, there are several postulated mecha-
nisms whereby whole grain intake reduces malig-
nancy risk. Whole grains contain several 
phytochemicals that may exert an anti- 
proliferative effect, and they are a rich source of 
dietary fiber. Whole grains such as oats and bar-
ley are rich in soluble fiber, which is fermented in 
the gastrointestinal tract to produce short-chain 
fatty acids (SCFAs) such as butyrate. These 
SCFAs have tumor suppressor properties through 
proapoptotic and antineoplastic processes. Whole 
grains also contain insoluble fiber which dilutes 
carcinogens by increasing fecal volume and 

shortening intestinal transit time, leading to less 
mucosal apposition with toxins. Finally, whole 
grains regulate glycemic response, obesity, and 
metabolic syndrome, thereby further reducing 
cancer risk [1, 16, 17].

Other sources of soluble and insoluble fiber 
include fruits and vegetables. Fruits and vegeta-
bles also contain vitamins, minerals, phytochem-
icals, antioxidants, and anti-inflammatory agents 
that may mitigate the risk of CRC. Data to sup-
port these findings is mixed. In 2018 the World 
Cancer Research Fund International/American 
Institute for Cancer Research published an update 
on the effect of lifestyle factors on the risk of 
developing colon cancer. They concluded that 
there is probable evidence that the consumption 
of dietary fiber and calcium supplements 
decreases the risk of CRC.  They also reported 
there is limited but suggestive evidence that 
ingesting foods containing certain antioxidants 
(such as vitamin C) as well as vitamin D in the 
form of fruits and non-starchy vegetables 
decreases the risk. Evidence for vitamins A and E 
and certain B vitamins as well as lycopene was 
less conclusive [18].

 Gastric Cancer

Gastric cancer is the fifth most common malig-
nancy worldwide with roughly one million new 
cases reported in 2018 [19]. The highest inci-
dence of stomach cancer can be found in Eastern 
Asia, Central and Eastern Europe, and South 
America, whereas the lowest rates are in North 
America and much of Africa. Variation in rates 
is felt to reflect differences in dietary practices 
and/or the prevalence of Helicobacter pylori 
infection [20]. Dietary factors associated with 
gastric cancer risk include diets rich in red and 
processed meats, high-salt intake, alcohol con-
sumption, and diets deficient in fruits and 
vegetables.

The link between high-salt intake and gastric 
cancer may be related to both a direct damaging 
effect on stomach mucosa and a synergistic 
interaction with Helicobacter pylori (conflicting 
studies), with H. pylori itself designated as a 
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class I carcinogen by the World Health 
Organization. A meta-analysis from 2015 (con-
sisting of prospective studies) found that more 
than 6 mg/day of salt intake drastically increases 
the risk for gastric cancer [21]. The same study 
found a protective effect from fruits and white 
vegetables, but not total intake of vegetables. 
The rationale for this protective effect was pos-
tulated to be related to high vitamin C content, 
an antioxidant that has been associated with the 
decreased risk of gastric cancer (RR, 0.89; 95% 
CI, 0.85–0.93). In terms of meat and fish con-
sumption, the main risk  categories include pro-
cessed or salted meats. High- salt- containing 
food in general had the highest relative risk of 
1.55 (95% CI, 1.17–2.05). No association 
between wine, coffee, black tea, green tea, milk, 
and juice was found, but the authors noted that 
beer and liquor consumption conferred a rela-
tive risk greater than 1 [21]. Though commonly 
cited as a risk factor, data for regular alcohol 
consumption and its association with gastric 
cancer risk is conflicting [22–24].

 Esophageal Cancer

Esophageal cancer is the seventh most common 
malignancy worldwide with 572,034 new cases 
diagnosed in 2018. Although esophageal adeno-
carcinoma (EAC) has now become the predomi-
nant subtype in the United States and Western 
Europe, squamous cell carcinoma remains the 
most common form of esophageal cancer world-
wide [19]. Dietary factors associated with the 
elevated risk of esophageal cancer include 
N-nitroso-containing foods, betel leaf, areca 
nut, and high-temperature beverages, while 
fruits and vegetables have been found to be pro-
tective. In contrast to colon and gastric cancer, 
there is inconsistent data on the association 
between red or processed meat and cancers of 
the esophagus.

Chewing “quid mixtures” is an accepted risk 
factor for oral and esophageal squamous cell 
cancers and should be limited. These quid mix-
tures include various combinations of betel leaf, 
areca nut, and tobacco among other substances 

such as slaked lime, spices, or sweeteners. It is 
estimated that 600 million people worldwide 
chew these products [25]. This practice is preva-
lent in the Asia-Pacific region and their respec-
tive migrant communities across the globe. The 
prevalence of chewing quid and its association 
with cancer has prompted initiatives for evi-
dence-based global policies to reduce the use of 
these products [26].

In terms of food preparation, the absolute tem-
perature of food may be a risk factor for esopha-
geal squamous cell cancer (ESCC) due to the 
proximity of the esophagus to the oropharynx. 
There are multiple studies assessing the connec-
tion between high-temperature beverages or 
foods and ESCC due to thermal injury. The best 
evidence relates to maté, a South American caf-
feinated beverage made by soaking the leaves of 
a yerba plant in hot water. Maté consumption has 
been shown to be associated with ESCC develop-
ment, while there is inconsistent evidence for the 
association of cancer incidence with hot tea or 
coffee consumption. Some studies even show a 
reduction in the risk with drinking coffee or tea, 
highlighting the complicated relationship 
between food preparation and food composition. 
Proposed explanations for the heterogeneity of 
this data include variation between beverage 
components which may contain mutagenic or 
antineoplastic constituents [27].

In contrast, fruits and vegetables likely have a 
protective effect against development of both 
EAC and ESCC. Multiple meta-analyses support 
a reduced risk for esophageal squamous cell car-
cinoma in individuals with a diet high in fruits 
and vegetables [28]. Additionally, a prospective 
study in Europe showed the importance of diver-
sity in the diet, as an increased variety of fruits 
and vegetables ingested was independently asso-
ciated with a lower risk of esophageal cancer in 
general [27]. The mechanism behind the protec-
tive effects of fruits and vegetables may be 
related to micronutrients such as antioxidants, as 
high levels of antioxidants in foods are inversely 
correlated with upper GI malignancies. 
Alternatively, the anti-carcinogenesis effect may 
be related to flavones contained within fruits and 
vegetables [27].
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 Obesity and Gastrointestinal 
Malignancy

Obesity is often cited as a risk factor for cancer. 
In 2016 the IARC convened to analyze the pre-
ventative effect that weight control has on cancer 
risk [29]. Specifically, they examined data from 
meta-analyses and pooled analyses to assess the 
relative risks of BMI versus cancer site and clas-
sified the strength of evidence as sufficient, lim-
ited, or inadequate. For cancers of the colon, 
gastric cardia, liver, gallbladder, pancreas, and 
lower esophagus, they found sufficient evidence 
of an increased relative risk in individuals with 
obesity (BMI >30) as compared to a normal BMI 
(range 18.5–24.9) (Table 8.2).

Further supporting the association between 
obesity and cancer is evidence suggesting weight 
loss as a protective factor. The prospective 
Swedish Obese Subjects (SOS) study assessed 
whether intentional weight loss in obese patients 
might protect against malignancy by comparing 
cancer incidence rates between patients who had 
bariatric surgery and those that had received non-
surgical weight loss management. The group 
with nonsurgical management had stable weight 
over the study period, whereas the bariatric sur-
gery group had a mean weight loss of 19.9  kg 
over 10  years. The bariatric surgery group was 
found to have a lower risk of cancer when com-
pared to the nonsurgical weight loss management 

group. Interestingly, the protective effect was 
limited to women for unclear reasons [37].

The duration of obesity also appears to have 
an effect on cancer risk. Data from the Women’s 
Health Initiative, a large cohort of postmeno-
pausal women, was examined in a US-based lon-
gitudinal study to assess the duration of adulthood 
obesity on cancer risk. The conclusion was that a 
longer duration of obesity is associated with an 
increased risk of developing several forms of 
cancer, including gastrointestinal malignancies 
[38]. While limited to women and observational 
in nature, the study suggests that increasing rates 
of childhood obesity may affect future popula-
tion cancer risk.

 Nutritional Considerations 
in Patients with Cancer

 Terminology

In 2016 the oncology expert group from the 
European Society for Clinical Nutrition and 
Metabolism (ESPEN) convened to define the 
appropriate terminology for malignancy-related 
malnutrition (Table 8.3). Ultimately there is over-
lap between the conditions and definitions, but it 
is helpful to examine the broadly accepted terms 
such as malnutrition, anorexia, cachexia, sarco-
penia, and others. Making distinctions between 

Table 8.2 The International Agency for Research on Cancer working group results on cancer preventative effect of the 
absence of excess body fatness by cancer site

Compilation of the IARC results on relative risks of BMI verse cancer site [29]
Reference 
articleCancer Strength

Relative risk of the highest BMI category evaluated 
versus normal BMI (95% CI)

Esophageal adenocarcinoma Sufficient 4.8 (3.0–7.7) [30]
Gastric cardia Sufficient 1.8 (1.3–2.5) [31]
Liver Sufficient 1.8 (1.6–2.1) [32]
Pancreas Sufficient 1.5 (1.2–1.8) [33]
Colon and rectum Sufficient 1.3 (1.3–1.4) [34, 35]
Gallbladder Sufficient 1.3 (1.2–1.4) [36]
Esophageal squamous cell 
carcinoma

Inadequate N/A

Gastric non-cardia Inadequate N/A
Extrahepatic biliary tract Inadequate N/A

The relative risk is taken from meta-analysis or pooled analysis, with the reference article listed in the right-hand 
column

8 Gastrointestinal Malignancies



132

nutritional characterizations can help delineate 
diagnosis and treatment strategies, with the goal 
to identify and treat underlying nutritional defi-
cits found in cancer patients. Additionally, these 
definitions highlight the fact that single anthropo-
metric measurements such as BMI may not accu-
rately reflect overall nutritional status [39].

 Nutritional Risk Stratification

Patients who carry a cancer diagnosis often have 
concurrent malnutrition which is further 
 exacerbated by systemic therapy, surgery, cancer-
related symptoms limiting oral intake (i.e., pain 
or obstruction), and an overall catabolic state. 
There are various indices to assist clinicians with 
determining nutritional status in cancer patients 
(Table 8.4). At the time of initial cancer diagno-
sis, 15–50% of patients will have had recent 

weight loss, and upwards of 80% will ultimately 
develop clinical malnutrition during the course of 
their disease [43].

Rates of malignancy-associated malnutrition 
will vary at diagnosis depending on disease stage 
and cancer origin. Unsurprisingly, patients with 
advanced disease and/or obstructing tumors in 
the head, neck, or digestive tract are more likely 
to present with malnutrition at diagnosis. 
Hospitalized patients also have a higher likeli-
hood of malnutrition, reflecting more severe or 
advanced disease stage at the time of diagnosis 
[43]. Conversely, hematologic malignancies such 
as acute lymphoblastic leukemia (ALL) are asso-
ciated with lower rates of cancer-related malnu-
trition as they often present in young or previously 
healthy patients [44]. Not unexpectedly, disease 
progression itself is a risk factor for nutritional 
decline, with malnutrition rates in terminal can-
cer patients reaching 80–90% [45].

Table 8.3 Terminology with definitions used to define nutritional states in cancer patients

Term Definition References
Disease- related malnutrition Condition that results from activation of systemic 

inflammation which results in anorexia and tissue 
breakdown

[39, 40]

Anorexia Limited food intake associated with altered CNS appetite 
signals, symptoms from cancer or treatments (nausea, 
pain), physical or mechanical limitations to food intake 
(GI obstructions, mucositis)

[39]

Precachexia Early clinical and metabolic signs such as anorexia and 
impaired glucose tolerance that precede the involuntary 
loss of weight (<5%) and muscle mass

[39, 41]

Cachexia Multifactorial wasting syndrome, loss of skeletal muscle 
mass with or without loss of fat mass; cannot be fully 
reversed by conventional nutrition care and can lead to 
functional impairment. Negative protein and energy 
balance often driven by reduced food intake and abnormal 
metabolism/systemic inflammation. Prior criteria included 
weight loss >5%, BMI < 20 and weight loss >2%, or 
sarcopenia and weight loss >2%

[39, 41, 42]

Refractory cachexia Results from advanced cancer (preterminal) or presence of 
rapidly progressive cancer that is unresponsive to therapy. 
Associated with active catabolism, management of weight 
loss not possible or appropriate, low- performance status, 
and life expectancy <3 months. Burden and risks of 
artificial support > benefits

[42]

Sarcopenia Low lean body mass. Common characteristics include 
fatigue, decreased strength, and limited physical function. 
Associated with lower quality of life and dependent living 
situations

[39, 41]

Sarcopenic obesity Low lean body mass in a person that is obese [39]
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Despite differences in rates upon diagnosis, 
all cancer patients should have their nutritional 
statuses continuously monitored throughout 
their clinical course as various factors includ-
ing therapeutic interventions, local and sys-
temic effects of the malignancy, and psychiatric 
conditions (concurrent depression, anxiety, 
etc.) may lead to acute deterioration of nutrition 
indices and adversely affect outcomes. This is 
especially pertinent in patients with digestive 
tract malignancies, who are already at higher 
risk for nutritional complications. European 
studies have shown only 30–60% of eligible 
hospitalized cancer patients actually receive 
nutritional assessment and support and 40% are 
misclassified in terms of nutritional risk [39]. 
Thus, heightened clinical awareness to appro-
priately diagnose and address nutritional defi-
cits is needed.

Frequent nutritional assessment identifies at- 
risk patients who would most benefit from early 
intervention, as malnutrition has been associated 
with worse outcomes and prognosis. Muscle 
wasting (i.e., sarcopenia) is associated with 
reduced quality of life, poor response to treat-
ment modalities, an increase in chemotherapy 
toxicity, and decrease in survival [46, 47]. 
Importantly, roughly 10–20% of cancer patient 
mortality can be attributed to malnutrition [39]. 
Malignancy-related malnutrition may also pose a 
non-trivial financial burden on health systems. 
Findings from the PREDyCES study, a nation- 
wide, prospective case-controlled study con-
ducted in Spain, show that an elevated nutritional 
risk in admitted patients is associated with sig-
nificantly longer hospital stays and consequently 
higher costs [48].

 Mechanisms for Malnutrition 
in Cancer Patients

Mechanisms for malnutrition in cancer patients 
can be broadly classified into local or systemic 
effects. Tumor-related local effects include tissue 
infiltration and obstruction, especially in cancers 
affecting the gastrointestinal tract or head and 
neck. Proximally located tumors (i.e., head, neck, 
esophageal and gastric cardia) can invade and 
encroach on the luminal gastrointestinal tract 
leading to dysphagia and mechanical obstruction. 
In a similar manner, gastric cancer can progress 
to cause gastric outlet obstruction which may 
lead to post-prandial pain, nausea, and vomiting. 
Further intestinal blockage from a primary bowel 
tumor or extrinsic compression from a metastatic 
lesion can cause symptoms of bloating, pain, 
nausea, vomiting, or constipation depending on 
the location. Primary bowel tumors may disrupt 
proper nutrient uptake by causing symptomatic 
diarrhea from either secretory pathways, malab-
sorption, or infections [39].

The systemic mechanisms that affect nutri-
tional status include altered host metabolism and 
a cachectic state in which there is an increase in 
muscle protein catabolism, inflammation, and 
insulin resistance. Cancer cachexia is clinically 
characterized by loss of muscle mass with or 
without a loss of fat mass [50]. In cachexia, 
cytokine- driven dysregulation of hormones such 
as leptin and ghrelin [50] is associated with 
decreased oral intake and increased resting 
energy expenditure, leading to caloric deficit and 
weight loss [46].

Given this complex and multifactorial nature, 
nutritional support as a unimodal therapy is usu-

Table 8.4 Commonly used tools for nutritional risk screening and nutrition assessment [49]

Nutritional tools in cancer patients
Nutrition risk screening tools Nutritional assessment tools
Name Abbreviation Name Abbreviation
Nutrition Risk Screening 2002 NRS-2002 Subjective Global Assessment SGA
Malnutrition Universal Screening Tool MUST Patient-Generated Subjective Global 

Assessment
PG-SGA

Malnutrition Screening Tool MST Mini Nutritional Assessment MNA
Mini Nutritional Assessment-Short Form 
Revised

MNA-SF
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ally ineffective in treating cancer cachexia as it 
fails to address the full extent of the problem. 
Instead, to combat cancer cachexia, a multimodal 
approach is required, and while the therapeutic 
tactic should include targeting the anorexia with 
nutritional support, there has also been much 
effort to concomitantly address the inflammation- 
mediated metabolic derangements [46].

 Nutritional Support Planning

Though there is limited data to define the optimal 
time for initiating nutritional support, it stands to 
reason that nutritional therapy should be initiated 
during early stages of malnutrition while it 
remains in the patient’s goals of care. As dis-
cussed above, systemic treatment and therapeutic 
interventions will be better tolerated in healthier 
individuals, and thus promptly addressing nutri-
tional deficits in the malnourished patient carries 
prognostic significance. Furthermore, it can 
prove challenging to revert malnutrition in the 
setting of a severe metabolic imbalance accom-
panying disease progression. It is generally 
agreed upon that nutritional status should be 
assessed immediately upon cancer diagnosis and 
proper intervention commenced early in the 
oncologic course. It is prudent to address even 
the mildest of deficiencies, especially in patients 
who are likely to develop disease- or therapy- 
related side effects that may negatively affect 
outcomes [49].

Once a patient is deemed at nutritional risk, 
specialized oral intake in association with dedi-
cated and repeated nutrition counseling is the 
first step in management. Typically, a diet of 
calorically dense and protein-rich foods is the 
preferred first line. If intake remains inadequate, 
oral nutritional supplements can be added to aug-
ment standard food intake [49]. It is generally 
advised that vitamins and minerals be supplied in 
the recommend daily allowances and not to use 
high-dose micronutrients if there is no indication 
[49]. In a prospective study on colon cancer 
patients with stage III disease enrolled in a clini-
cal trial of adjuvant chemotherapy, multivitamin 
use was not associated with a statistically signifi-

cant difference in disease-free survival nor over-
all survival [51]. This held true even when total 
dietary and supplemental intake of individual 
vitamins was examined [51]. Excess antioxidant 
vitamin intake may also decrease efficacy of 
commonly used chemotherapies and radiation 
therapy and should be avoided [52].

In addition to modifying food content to meet 
energy and nutritional requirements, the textural 
quality of the food is also important, especially in 
gastrointestinal malignancies or head and neck 
cancer patients. For example, in esophageal can-
cer, switching to a soft or liquid diet can improve 
tolerability and therefore quality of per oral nutri-
tional intake. Changing frequency or distribution 
of meals can also help minimize symptoms of 
early satiety, bloating, and nausea.

Restrictive diets are typically contraindicated 
for malnourished patients or patients who are at 
risk for malnourishment. Often patients will pres-
ent with questions regarding fad diets derived 
from non-peer-reviewed or anecdotal sources. It 
is worth noting that there is no reproducible 
strong evidence to suggest specific diets are 
effective in treating cancer or preventing recur-
rence. Conversely, many of these diets are restric-
tive and may exacerbate nutritional deficiencies, 
placing patients at further risk for frank malnutri-
tion [49]. Interestingly, there is a small amount of 
data to suggest that intermittent dietary changes, 
such as short-term fasting, can improve tolerabil-
ity and effectiveness of chemotherapy, but this 
requires further study [49, 53].

In addition to addressing diet, medications can 
be used to help meet nutritional goals by stimu-
lating appetite, improving gut motility, decreas-
ing inflammation, and/or managing symptoms 
such as nausea. Medications to address mucositis 
can improve per oral tolerability. Proton pump 
inhibitors can help with ulcerations and reflux 
symptoms. Anti-secretory agents can be used to 
decrease excessive saliva production or gastric 
secretions, especially if recurrent vomiting arises 
from issues with intestinal transport. Alternatively, 
salivary stimulating agents such as pilocarpine or 
cevimeline may be indicated in patients suffering 
from xerostomia that is not responsive to lifestyle 
modifications or saliva substitutes. There are 
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weak recommendations for corticosteroids and 
progestin to stimulate appetite, though both have 
potential side effects limiting their generalized 
use [49].

If volitional intake with oral nutrition remains 
inadequate to meet caloric demands, other 
options include supplementary or complete nutri-
tional support by enteral or parenteral routes. 
Distal enteral feeding tubes are often used to 
bypass mechanical obstruction in the proximal 
alimentary canal, such as lesions obstructing the 
gastro-esophageal junction, gastric outlet, and 
even the duodenum or proximal jejunum. 
Parenteral support is often required in cases of 
inability to establish enteral access due to ana-
tomical issues or malabsorption due to intestinal 
insufficiency from short gut syndrome, radiation 
enteritis, or peritoneal carcinomatosis. The spe-
cifics of these modalities are discussed in other 
chapters; however, a careful assessment of the 
goals of nutritional support should be considered 
in relation to any competing risk. Procedures for 
enteral feeding are not without complications, 
and parenteral nutrition poses a significant risk of 
infection and requires careful titration to mini-
mize metabolic derangements. Clinical practice 
can often differ due to economic, ethical, and cul-
tural factors; however, the risks of parenteral 
nutrition will likely outweigh the benefits for 
patients with a life expectancy of less than 
2 months [54]. In the majority of cases, any ben-
efits continue to weaken during the weeks pre-
ceding death [49].

Physical therapy is a sometimes overlooked 
but important treatment modality in addressing 
malnutrition and cachexia. Routine activity may 
counteract the physical deconditioning often seen 
in cancer patients and help promote anabolism 
and utilization of nutrients. Nutritional societies 
recommend that cancer patients increase or main-
tain their level of physical activity after diagno-
sis, which should include both resistance and 
aerobic exercise [49].

As with all interventions, the goals of ther-
apy and patient preference need to be consid-
ered on a case-by-case basis. Patients requiring 
nutritional support early on in their oncologic 
course might have more transient circum-

stances, as in the case of a medically operable 
patient with a resectable tumor causing obstruc-
tion. Here nutritional supplementation or 
enteral nutrition bypassing obstruction could 
provide temporary support until definitive 
intervention, at which point patients may 
resume normal or near-normal intake. This is in 
stark contrast to the diffusely metastatic patient 
suffering from both obstructing and metabolic 
complications, where nutritional support is 
mainly to provide comfort and improve quality 
of life [49, 55]. Whereas in the first scenario 
nutritional support has prognostic importance, 
in the latter, it is primarily palliative, a distinc-
tion that should be discussed in detail with the 
patient and/or caregivers.

 Conclusion

Diet is a modifiable lifestyle factor that influ-
ences tumorigenesis through both local and sys-
temic effects. However, heterogeneity in data and 
constraints in study design limit our full under-
standing of the complex interaction between diet 
and cancer pathogenesis. This hinders our ability 
to recommend specific cancer-preventing diets 
beyond general recommendations but does not 
diminish the importance of diet in modulating 
cancer risk. Continued high-quality studies for 
further clarification on cancer prevention are sub-
sequently needed. For patients who already have 
a cancer diagnosis, the focus shifts from preven-
tion to management, highlighting the importance 
of early nutritional risk stratification to identify 
patients in most need of support.
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 Introduction

The perioperative patient has clear nutritional 
needs beyond maintaining homeostasis which 
include providing adequate energy and sub-
strates to enter an anabolic state and recover 
from the insult of surgery. The caloric needs of 
a surgical patient are estimated at 25 kcal/kg of 
body weight/day, and the protein requirements 
of the post-operative patient can be as high as 
1–1.5 g/kg of body weight/day. Although these 
values are estimates, they provide the founda-
tion to meet the nutritional needs in most surgi-
cal patients. In many post-operative patients, 
these needs can be met through an unrestricted, 
oral diet. When augmentation of oral intake is 
necessary, a variety of supplements are satisfac-
tory, and when initiation of tube feeding is 
required, most whole peptide formulations are 
appropriate. Although rarely required, there are 
a variety of tube feeding formulations with vari-

ous alterations for use in situations such as renal 
failure or diminished GI tract absorbing capac-
ity [1–4]. If patients are unable to meet nutri-
tional needs with enteral provisions or have 
absolute contraindications to enteral feeding, 
parenteral nutrition can be considered.

 Enteral Nutrition

The role of enteral nutrition (EN) in the critically ill 
surgical patient is widely studied [1]. Multisystem 
organ failure in the post-surgical patient is often the 
end manifestation of hypermetabolic changes 
throughout the body, which often lead to lipid 
mobilization and myocyte catabolism to augment 
adequate cell regeneration [2]. This process sup-
ports adequate wound healing in the nutritionally 
replete patient. Critically ill surgical patients, in 
contrast, often need additional nutritional support. 
Pre-existing malnutrition is a widely recognized 
contributing factor in the morbidity and mortality 
of surgical patients, as they lack the metabolic sub-
strates necessary for anabolic processes required 
for wound healing [3]. Understanding this mecha-
nism and attempting to interrupt this state of hyper-
metabolism have been the goal of researchers for 
the last several decades.

EN remains the preferred method for nutri-
tional delivery in the surgical patient who main-
tains competent gastrointestinal function, but 
cannot meet nutritional needs via oral diet [4]. 
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Though more recent studies have attempted to 
prove non-inferiority of parenteral nutrition (PN), 
the benefits of EN are well-established [2].

 Caloric Benefits

While specific methodologies for optimal nutri-
tional delivery continue to be debated, it is 
 well- established that malnutrition is an indepen-
dent risk factor for morbidity and mortality for 
patients in the intensive care unit [5]. To combat 
this, most international societies (including the 
American Society for Parenteral and Enteral 
Nutrition (ASPEN)) recommend initiation of EN 
as early as possible to avoid large cumulative 
caloric deficits over prolonged stays in the ICU.

 Gastrointestinal Integrity

The well-being of the critically ill surgical 
patient is largely dependent on maintenance of 
gastrointestinal tract integrity and function. 
There is the conventional belief that early admin-
istration of enteral feeds maintains gastrointesti-
nal integrity and reduces intestinal ischemia, 
thereby reducing the incidence of sepsis and 
end-organ failure. This phenomenon was studied 
in rat models in the 1990s, where suffusion of 
glucose solution onto ileal mucosa was shown to 
reverse the effect of mesenteric ischemia, mim-
icking the physiologic effect of early EN in criti-
cally ill patients with hemorrhagic or septic 
shock [6]. Furthermore, there is evidence to sup-
port that delayed luminal transit and gut dys-
motility could contribute to delayed end-organ 
failure even after adequate resuscitation and sta-
bilization, which has been proven in various ani-
mal models over the last 25 years [7]. These 
studies demonstrated an inverse relationship 
between intestinal motility and bacterial translo-
cation in mice and pigs in physiologic shock and 
low-flow states. As such, maintenance of a com-
petent GI tract is thought to be of utmost impor-
tance, and though this mechanism is not widely 
understood, there is a consensus that early 

administration of enteral feedings will amelio-
rate some of these delayed deleterious effects.

 Immunologic Benefits

Administration of nutrition in critically ill 
patients improves the efficacy of innate host 
defenses both within the GI tract and other 
organ systems. EN is superior to PN in main-
taining gut- associated lymphoid tissue within 
Peyer’s patches, which is necessary for stimula-
tion of B-lymphocytes and production of sys-
temic secretory IgA, an antibody found in high 
quantities across multiple mucosal surfaces and 
bodily secretions [8, 9]. The absence of stimula-
tion to the GI mucosa, even while supplying 
nutritional substrates via PN, has shown to 
cause atrophy of lymphoid tissue within the GI 
tract, leading to extraintestinal disruption of 
innate mucosal immunity. This is hypothesized 
to be related to impaired IgA production, which 
predisposes these patients to bacterial invasion 
and sepsis [10–12].

Adverse immunologic effects also occur in the 
absence of EN. Atrophy of lymphoid tissue within 
Peyer’s patches in the small intestine results in 
reduced production of IL-4 and IL-10, which drop 
in proportion with IgA levels [12]. These cyto-
kines normally decrease expression of ICAM-1, 
an important protein required for recruitment and 
adherence of neutrophils to sites of injury. In the 
absence of EN, neutrophil recruitment to the 
endothelium in the gastrointestinal vasculature is 
markedly increased, resulting in upregulation of 
the inflammation cascade that can both directly 
damage the GI tract and magnify the damage 
caused in times of intestinal stress [12].

 Microbiome Considerations

In recent years, the gut microbiome of the sur-
gery patient has been extensively studied. 
Composed of more than a thousand of different 
species, the gut microbiome serves a multitude of 
physiologic purposes, including roles in macro-
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nutrient metabolism, intestinal homeostasis, and 
immunologic defense against a multitude of 
pathogens [13]. The microbiome becomes pro-
foundly altered in critical illness, leading to pro-
liferation of gram-negative Proteobacteria phyla 
and decreased prevalence of the preferred 
Firmicutes and Bacteroidetes phyla, forming the 
aptly named “pathobiome” of critical illness. 
This shift in prevalence in the microbiome has 
profound effects on normal intestinal function, 
including decreased epithelial integrity, decreased 
absorption of nutrients, atrophy of functional 
mucosa, and increased systemic inflammation. 
Many measures that are implemented in the criti-
cal care of a surgery patient, such as the use of 
systemic antibiotics, vasopressor agents, and 
empiric proton pump inhibitor therapy, compro-
mise the healthy microbiome further, leading to 
increased overall morbidity and mortality in the 
ICU setting [13].

PN and starvation have both been shown to 
have deleterious effects on the bacterial diversity 
of the microbiome, and previous studies in mice 
using PN have shown it promotes proliferation of 
Proteobacteria and increases production of pro- 
inflammatory cytokines [14]. The compromise of 
a healthy microbiome in those receiving PN pre-
disposes the surgical patient to a host of deleteri-
ous immunologic consequences, such as surgical 
site infections, pneumonia, urinary tract infec-
tions, and blood stream infections not associated 
with the use of intravenous catheter. These infec-
tious complications are likely the result of 
decreased expression of cytoskeletal elements 
leading to increased bacterial translocation across 
the mucosal barrier [14]. Early EN, meanwhile, 
appears to have the opposite effect, as studies have 
shown that levels of pro-inflammatory cytokines 
produced while on EN are considerably decreased.

 Special Considerations: Feeding 
in Gastrointestinal Surgery

Given the benefits of EN, there has been an ongo-
ing research as to when to initiate feeds following 
gastrointestinal surgery. Traditionally, oral feed-

ing is initiated in the post-operative period after 
observance of GI function, such as flatus or bowel 
movements. While initiation of gastric feeds in 
the setting of recent foregut surgery is typically 
initiated after a mandatory period of healing, 
more recent research supports early EN for most 
small and large bowel surgeries even in the set-
ting of resection and anastomosis. A recent sys-
tematic review of 17 randomized controlled trials 
failed to demonstrate a difference in the inci-
dence of post-operative complications, including 
wound infection, anastomotic breakdown, or 
intra-abdominal infection, in patients who 
received EN within 24 hours of lower gastroin-
testinal surgery when compared with the more 
traditional management of waiting for the return 
of bowel function [15]. In this context, classic 
surgical dogma of waiting to feed post-operative 
patients until the return of bowel function contin-
ues to be challenged, and preliminary data seems 
to support initiation of early enteral feeding in the 
post-surgical period.

 Risks/Contraindications/
Complications of Enteral Feeding

Not all surgical patients are candidates for 
EN.  Patients with disruption of gastrointestinal 
continuity, as in the case of anastomotic leakage 
or proximal gastrointestinal diversion, have abso-
lute contraindications to EN [16]. Those requir-
ing the use of high-dosage vasopressors to 
maintain hemodynamic stability should also 
forego early EN, as these agents intrinsically lead 
to redistribution of blood flow away from the GI 
tract, which can induce intestinal ischemia in the 
fed state. This can also lead to the development of 
nonocclusive bowel necrosis (NOBN), a phe-
nomenon that is rarely encountered in patients 
who receive strictly PN in times of severe meta-
bolic stress [17]. While the pathogenesis of 
NOBN is not entirely understood, it is likely the 
result of increased energy requirements in already 
stressed enterocytes, bowel dysmotility resulting 
in ischemic injury, and toxic metabolite buildup 
within the enterocytes [17, 18]. Massive gastroin-
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testinal hemorrhage should halt any attempts at 
enteral feeding until this source is found and cor-
rected [16].

 Enteral Access

Enteral access for EN is an important consider-
ation in patients with a functioning gastrointesti-
nal tract who are unable to reach nutrition goals 
through oral intake alone. The choice of enteral 
access depends on many factors, first and fore-
most, the expected duration the access will be 
needed. Oroenteric/nasoenteric tubes (NETs), 
such as nasogastric and nasojejunal tubes (oro-
gastric/orojejunal), are the simplest mode of 
enteral access and are typically reserved for 
short-term feeding, defined as less than 4–6 weeks 
[19]. They are usually passed nasally but may be 
passed orally if desired or in the case of mechani-
cal ventilation. Placement of post-pyloric tubes 
in the small intestine can be more technically 
challenging than gastric placement [20]. For sim-
plicity, this chapter will refer to these temporary 
tubes as NETs. Although they are cost-efficient 
and have low morbidity, their use is limited in 
conscious patients due to discomfort. The risk of 
complications associated with NET use generally 
increases the longer the tubes are in place. The 
most common complications are pharyngitis, oti-
tis media, nasal mucosal ulceration, pneumotho-
rax, sinusitis, aspiration, or tracheal, esophageal, 
or gastroenteric ulceration [19]. To minimize the 
risk of aspiration and improper positioning, plain 
radiographs can be obtained following bedside 
placement and prior to initiating feeds. Because 
of the discomfort and complications associated 
with long-term use of NETs, once it is deter-
mined, a patient will need long-term nutritional 
support (i.e., >4–6  weeks), more permanent 
access should be established [21].

For patients requiring long-term access, more 
permanent feeding tubes are preferred. These 
may be placed endoscopically, radiologically, or 
surgically. The choice of placement method 
depends on several factors including local 
resources and expertise, hospital policy, and 
patient anatomy.

Surgical gastrostomy tubes can be placed 
open or laparoscopically. They are the preferred 
option if patient anatomy or body habitus pre-
cludes safe endoscopic or radiologic place-
ment. Surgical tubes may also be placed in 
conjunction with another already scheduled 
procedure [22]. Surgical gastrostomy or jeju-
nostomy creation involves placement of an 
enteric tube or red rubber catheter into the 
stomach or small intestine under direct visual-
ization. Current research shows no difference in 
morbidity and mortality when comparing PEGs 
and surgical gastrostomy tubes [19, 23, 24]. 
However, PEGs may not require general anes-
thesia, require less procedure time, and are 
overall much less expensive than surgically 
placed tubes. Hybrid procedures using laparo-
scopic instrumentation to confirm apposition of 
the stomach to the abdominal wall during endo-
scopic PEG tube placement have also been 
described [19].

The two options for non-surgical gastros-
tomy tube placement are percutaneous endo-
scopic gastrostomy (PEG)/jejunostomy (PEJ) 
and radiologically inserted gastrostomy (RIG) 
or jejunostomy (RIJ) tube. Jejunal extensions 
may also be placed through gastrostomy tubes 
if this is desired and/or indicated [19]. There is 
no clear evidence favoring one technique over 
the other; the decision is made based on prefer-
ence and local expertise and availability [19]. 
PEG tubes can be placed at bedside or in the 
endoscopy suite. They are rather quick proce-
dures and are associated with limited major 
complications. The most common complica-
tions of these procedures include dislodgement, 
peristomal infections, and peri-procedural 
issues (i.e., aspiration). An abdominal binder 
and continued evaluation of proper bumper 
placement can prevent inadvertent tension and 
dislodgement of the PEG tube, and a dose of 
antibiotics given prior to the procedure has 
been shown to minimize the risk of wound 
infections [21, 22]. The risk of orotracheal aspi-
ration is minimized by appropriate patient posi-
tioning, suction, and avoiding over- sedation. 
RIG tubes are placed under fluoroscopic guid-
ance either in the radiology suite or at bedside. 
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The most common complication is dislodge-
ment of the tube. These tubes also clog more 
frequently due to decreased diameter compared 
to PEG tubes [19, 22].

 Parenteral Nutrition

Malnutrition is a well-established risk factor for 
post-operative complications and increased mor-
tality among surgical patients [25, 26]. Because 
of this, it is important to consider peri-operative 
nutritional therapy in high-risk or malnourished 
patients as assessed by nutritional risk scores. 
Nutrition therapy can be provided orally, enter-
ally, parenterally, or through a combination of 
methods. As previously discussed, oral/enteral 
nutrition is preferred; however, patients with 
intestinal failure or those who cannot meet nutri-
tional goals through these methods may require 
parenteral supplementation (Table 9.1). PN is a 
mixture of solutions including dextrose, amino 
acids, vitamins and minerals, trace elements, and 
lipid emulsions given intravenously (typically 
centrally) to supplement nutrition. The use of PN 
in surgical patients has evolved significantly 
since its initial widespread use in the 1970s when 
the late Stanley Dudrick revolutionized nutri-
tional supplementation with his early studies on 
Beagles [27–29]. Since this time, numerous pro-
spective randomized control trials have failed to 
demonstrate the benefit of routine perioperative 
PN, and some have even demonstrated poorer 
outcomes. Because of this, the use of PN has 
diminished significantly over time and is typi-
cally reserved for patients with inadequate enteral 
intake or contraindication. Although there have 
been numerous advances in PN formulations and 

stricter glycemic control in patients on PN (a pro-
posed contributing factor of previously reported 
complications), it is still thought to be inferior to 
EN [30]. However, when used in the appropriate 
patients, PN can improve nitrogen balance, aug-
ment immune recovery and wound healing, and 
improve post-operative outcomes [31–34]. The 
most common indication for PN in surgical 
patients is contraindication to 
EN. Contraindications to feeding the gut include 
intestinal failure, intestinal obstruction, signifi-
cant malabsorption, proximal or high-output fis-
tula, intestinal ischemia, severe shock with 
impaired splanchnic perfusion, and fulminant 
septic shock [26, 28, 34, 35]. Other indications 
are less well-defined but generally involve a sig-
nificant deficiency in the ability to tolerate enteral 
intake in combination with malnutrition or high- 
risk nutritional status.

 Pre-operative Parenteral Nutrition

The routine use of pre-operative PN in healthy 
patients is not beneficial and is potentially harm-
ful. Therefore, this practice should be reserved 
for patients already at risk for surgical complica-
tions due to poor nutritional status. Malnourished 
or high-risk nutritional patients unable to meet 
energy requirements by EN alone should be 
given supplemental pre-operative PN.  Pre- 
operative PN should be initiated at least 7–14 days 
prior to surgery and continued post-operatively. 
If deemed appropriate, pre-operative PN can be 
administered by trained nurses at the patient’s 
home, with close follow-up [26, 34, 36].

 Post-operative Parenteral Nutrition

Routine post-operative use of PN is not beneficial 
and may increase morbidity up to 10%; therefore, 
it is not recommended [26, 34, 36, 37]. 
Malnourished patients, deemed appropriate for 
pre-operative PN, should continue PN post- 
operatively for at least 9 days to see the full ben-
efit of supportive therapy. If a patient is unable to 
tolerate post-operative EN and is not at increased 

Table 9.1 Contraindications to enteral nutrition

Absolute Relative
Lack of GI tract continuity Poor intestinal absorption
GI hemorrhage GI tract fistula
Bowel obstruction/paralytic 
ileus

Vasopressor requirement

Hemodynamic instability 
with end-organ 
malperfusion

Abdominal distension/
evidence of intolerance of 
feeds
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nutritional risk, PN should be held until 5–7 days 
post-operatively. PN should be initiated in these 
patients at this time if they are unable to receive 
>50% of estimated nutritional requirements 
enterally. Even then, PN should only be initiated 
if a patient will likely require >7 days of nutri-
tional support. If able to tolerate it, a combination 
of EN and supplementary PN is preferred. In 
nutritionally at-risk patients that are not severely 
malnourished, PN may be started after 3–5 days 
of insufficient nutrition via EN (Fig. 9.1) [36].

 Intestinal Failure

Apart from providing caloric benefit to high-risk 
nutritional patients perioperatively, most other 
indications for PN in surgical patients are related 
to intestinal failure. This may be acute in the set-
ting of recent surgery or illness which only 
required brief parenteral support, or chronic, 
necessitating long-term PN with gut rehabilita-
tion and/or intestinal transplantation. In general, 

intestinal failure (IF) is defined as loss of entero-
cyte cell mass or physiologic function secondary 
to surgical resection, dysmotility, obstruction, 
congenital defects, or disease, resulting in the 
loss of absorptive capabilities [27, 36, 38]. It is 
estimated that 40,000 patients in the USA cur-
rently depend on PN for nutrition due to IF. The 
most common cause is post-operative short gut 
syndrome (SGS) after extensive small bowel 
resections related to inflammatory bowel dis-
eases [39]. High-output fistulas, malignant 
obstructions, and post-bariatric surgery compli-
cations are other notable causes of IF that may 
necessitate PN support.

 Short Gut Syndrome
SGS can result from significant bowel resections, 
which leave less than 1.5 m of the small intestine. 
These patients are usually unable to meet nutri-
tional needs through enteral nutrition alone sec-
ondary to limited absorptive capacity. If possible, 
referral to nutritional and intestinal rehab can sig-
nificantly increase the quality of life in these 

Malnourished
preoperatively

Begin parenteral nutrition 7-14
days before surgery and

continue for at least 9 days
postoperatively

Difficulty tolerating
enteral nutrition

after surgery

Begin parenteral nutrition
on postoperative day 5-7 if
the patient will require > 7
days of nutritional support

Being parenteral nutrition
on postoperative day 3-5 in
patients at nutritional risk

Fig. 9.1 Decision tree regarding perioperative parenteral nutrition
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patients. If unable to reach nutritional autonomy, 
long-term PN is indicated. The total length of 
bowel necessary to avoid long-term PN is vari-
able and ultimately depends on the functionality 
and nature of the remaining bowel. In general, 
patients with >100  cm of the small bowel can 
often avoid long-term PN dependence regardless 
of colon presence, while those with an intact 
colon can often meet their nutritional needs with 
>50 cm of the remaining small bowel. Although 
outside the scope of this review, it is important to 
note that the development of significant 
 complications resulting from PN is an indication 
for referral for intestinal transplant [39–41].

 Inflammatory Bowel Disease
As previously stated, inflammatory bowel dis-
eases, Crohn’s disease (CD), and ulcerative coli-
tis (UC) represent a significant subset of surgical 
patients requiring PN. In general, the indications 
for PN in these patients are the same as those for 
the general population and already discussed in 
this chapter. However, especially in the most 
severe CD cases, patients are at high nutritional 
risk and commonly require supplemental PN at 
some point during their disease course. PN is 
considered when patients demonstrate an inabil-
ity to meet nutritional needs via an enteral route. 
In cases of SGS secondary to repeated bowel 
resections, obstruction where enteral access dis-
tal to the obstruction cannot be obtained, or pro-
longed ileus, this is especially common [42]. 
Additionally, PN is generally used in CD patients 
with proximal or high-output fistulas in an 
attempt to control output [42]. Notably many 
patients with severe CD are chronically malnour-
ished, and PN may be recommended 2–3 weeks 
perioperatively to improve surgical outcomes 
[43]. There is some evidence that the role of PN 
in patients with CD extends beyond simple 
caloric and nutrient supplementation to actual 
improvement in disease course. A recent meta- 
analysis demonstrated some benefit in improving 
the disease process of CD when patients are on 
PN [44]. It has been theorized that the combina-
tion of complete gut rest and PN allows for ade-
quate nutrition while reducing antigenic mucosal 
stimulation during acute CD flairs, thereby 

improving outcomes [42]. However, there is no 
convincing evidence for overall benefit from this 
treatment plan, and EN remains the preferred 
route of nutrition in IBD when possible [45, 46]. 
Compared to UC which does not involve the 
small intestine, CD patients are more likely to 
require long-term PN due to repeated resections 
resulting in SGS, persistent high-output fistulas 
or stomas, and prolonged incomplete bowel 
obstructions. Studies have shown that although 
home PN does decrease quality of life, it is still a 
safe and a preferred alternative to prolonged hos-
pitalizations or early surgery in patients with 
complicated CD [42, 47].

 Critically Ill Patients
Critically ill surgical patients, like those with 
acute IBD, experience a hypermetabolic state. 
Indications for PN in these patients include feed-
ing intolerance, prolonged ileus, peritonitis or 
obstruction (>3  days), abdominal distension on 
EN, severe malabsorption, splanchnic ischemia, 
or > 5 days of failure to reach full EN require-
ments. Careful attention should be paid to avoid-
ing overfeeding with PN in these patients. When 
possible, a combination of EN and PN is recom-
mended to reach goal calorie and protein deliv-
ery. PN may also be indicated in patients who are 
at high risk for aspiration and are not candidates 
for post-pyloric feeding [36, 48].

 High-Output Fistulas
Enterocutaneous fistulas (ECFs), abnormal con-
nections between the GI tract and skin, can occur 
due to radiation exposure, IBD, malignancy, 
obstruction, or post-operatively. Due to the 
underlying pathophysiology of ECFs, these 
patients are often malnourished and can suffer 
from severe electrolyte and fluid imbalances. 
Because of their tenuous nutritional status, these 
patients should be cared for by a multidisci-
plinary team that is able to carefully monitor and 
adjust treatment as necessary [49, 50]. Typical 
management of these patients includes wound 
care/fistula management with careful monitoring 
and optimization of fluid, electrolyte, and nutri-
tional status. Depending on the etiology, location, 
and output of the ECF, patients may require 
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PN.  In general, ECFs with output less than 
500  mL per day (i.e., low-output fistulas) are 
more likely to close spontaneously and less likely 
to require PN than high-output fistulas (i.e., 
>500  mL/day). Entero-atmospheric fistulas, 
those with intestinal mucosa exposed to the 
atmosphere, are also unlikely to close spontane-
ously and may require PN support. Indications 
for PN in patients with ECF include output 
>500  ml per day, bowel obstruction, and/or 
wound care difficulties secondary to fistula out-
put. Patients can be started on PN during their 
hospitalization and transitioned to home PN with 
close monitoring once medically stable [49, 50]. 
Surgical intervention to repair the fistula should 
be delayed at least 3–6 months after the initial 
development of the ECF, following resolution of 
the acute inflammatory response and optimiza-
tion of nutritional status. In addition to PN and 
the cessation of enteral intake, ASPEN recom-
mends the use of somatostatin or somatostatin 
analogues as well as oral glutamine supplementa-
tion, in patients with output >500 ml/day [50, 51] 
[52]. Somatostatin may decrease fistula output 
and promote closure. Glutamine supplementation 
should not be given to patients with evidence of 
hepatic or renal failure, but has been shown to 
enhance fistula closure and improve mortality in 
those without contraindication.

 Bariatric Surgery
Bariatric surgery provides a complicated nutri-
tional picture. Although patients are obese, sarco-
penia is common and increases the risk of 
post-operative complications [53]. PN is not uni-
versally recommended for patients following 
uncomplicated surgery; instead early post- 
operative EN is preferred. Post-bariatric surgery 
complications do, however, represent a subset of 
patients who may require PN due to inadequate 
absorption or intolerance of EN.  Most of these 
patients only require PN in the short term until a 
corrective operation is performed [54–56].

 Malignant Bowel Obstruction
The mainstay of treatment for malignant bowel 
obstruction (MBO) is prompt cessation of enteral 
intake, nasogastric aspiration, and the use of 
anti- secretory agents. Most patients will have 

recurrence of symptoms upon resuming oral 
intake, necessitating the need to defer enteral 
intake indefinitely. The role of PN in these 
patients is controversial, and supplementation 
remains palliative and should be given in consul-
tation with medical providers, patients, and care-
givers. The most recent data suggests that the 
administration of PN in patients with MBO is 
associated with longer survival than patients 
who did not receive PN. According to the most 
recent ESPEN guidelines in cancer patients, PN 
is indicated if patients are unable to tolerate any 
oral intake for >1 week or are meeting less than 
60% of nutritional goals for >1–2  weeks [57, 
58]. Overall, in patients with MBO, it is reason-
able to consider PN, when life expectancy 
depends on delivery of nutrients and not on the 
disease process itself [57, 59, 60].

 Amino Acid Supplementation

 Glutamine

Glutamine is a key amino acid in gastrointestinal 
function. Some studies suggest that supplementa-
tion in times of stress may decrease infections and 
improve glycemic control. Supplementation may 
also aid in preservation of positive nitrogen bal-
ance. Because of its important metabolic role in GI 
function, when used in PN, it is hypothesized to 
attenuate villous atrophy and associated intestinal 
permeability that may result from long- term par-
enteral support. However, a recent study found an 
increase in mortality in critically ill ICU patients 
who received glutamine supplementation; further 
research may be necessary to optimize the use of 
glutamine in the critically ill [61]. In its latest 
report, ESPEN recommends considering gluta-
mine supplementation in standard doses; however, 
there is not enough evidence of positive effects to 
give a strong recommendation for use [35].

 Arginine

Arginine is essential in would healing, T cell 
function and contributes to endothelial function. 
Some data suggests that parenteral arginine may 
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decrease fistula occurrence and improve out-
comes in patients with head and neck cancer [62, 
63]. One study also suggested a decrease in 
recurrence of malignancy, but it is not clear 
whether this correlates with a decrease in mortal-
ity. Because of the uncertainty, there are not clear 
recommendations regarding arginine supplemen-
tation in the surgical population [35].

 Special Circumstances in Surgical 
Nutrition

Since the late 1980s, nutritional therapy has 
gained significant attention from surgeon scien-
tists. Increasingly rigorous studies occurring in 
translational animal models and at clinical bed-
sides have yielded significant advances in the 
understanding of nutritional support, particularly 
in critically ill and surgical patients. As a result, 
specialized metabolic care has become common 
and crucial to optimal perioperative management 
and pre-habilitation. As previously discussed, EN 
improves perioperative outcomes and decreases 
morbidity and mortality. This improvement is 
driven by both caloric and non-caloric benefits 
extending from improved enteric mucosal integ-
rity, innate and adaptive immune responses, and 
the diversity and dynamics of the microbiome [8, 
10–12]. Nutrition as a primary therapeutic inter-
vention should both be considered during pre- 
habilitation in elective surgeries and early in the 
perioperative period to promote wound healing 
and decrease septic morbidity. In this section, we 
discuss specific considerations useful for nutri-
tional optimization.

 Immune-Enhancing Diets

Traditionally, the provision of early EN was 
thought to mitigate the acute protein malnutrition 
associated with major elective surgery and 
trauma. More recently, there have also been 
increasing efforts to curb innate and adaptive 
immune dysfunction occurring after physical 
insult, thus decreasing the subsequent 
inflammatory- driven catabolic response. 
Immune-enhancing diets, also known as pharma-

conutrition or immunonutrition, were popular-
ized after demonstration that supraphysiologic 
doses of certain micronutrients exhibit immune- 
altering pharmacologic properties [64–66]. 
Commonly studied nutrients include specific 
amino acids (e.g., arginine, glutamine, leucine), 
omega-3 fatty acids, and vitamins.

Of the micronutrients, the effects of arginine 
have been most widely scrutinized. Arginine is an 
amino acid integral in human metabolism. 
Metabolic processes involving arginine include 
polypeptide anabolism and catabolism, islet 
secretion of insulin, and nitric oxide-mediated 
vasodilation [67–69]. With activation of the 
hypothalamic-pituitary-adrenocortical (HPA) 
axis – as occurs with major surgery or trauma – 
the endogenous production of non-essential argi-
nine is significantly suppressed, resulting in a 
conditional deficiency [70]. Of interest, supple-
mentation of arginine in stressed murine popula-
tions has been shown to promote positive nitrogen 
balance and enhanced peripheral lymphocyte 
response dynamics to cellular mitogens [71]. 
These findings have been reproduced in humans 
[72] and fueled optimism for dietary manipula-
tion and commercial nutritional formulations that 
might broadly improve morbidity and mortality 
associated with trauma and oncologic and 
abdominal surgeries. Additionally, arginine 
serves as an intermediate amino acid during pro-
line synthesis, which is required for wound heal-
ing and collagen synthesis [73–75]. Arginine also 
has a role in immune competence as it serves as 
an intra-cellular substrate for nitric oxide produc-
tion allowing macrophages to improve bacteri-
cidal activity and improves T cell function, 
proliferation, and maturation [72, 76–81]. This is 
of great importance for the post-operative, conva-
lescing surgical patient.

Optimism for immunonutrition has histori-
cally also extended beyond arginine. Scientific 
studies have evaluated a wide range of additives, 
including glutamine, Ω-3 fatty acids, minerals 
(such as selenium), and nucleotides. Broadly, 
these individual studies have demonstrated statis-
tically significant results, including reducing the 
incidence of perioperative deep space and noso-
comial infections and supporting fewer ventilator 
days and shorter intensive care unit and hospital 
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length of stays by a mean difference of 2 days 
[82–84]. Despite these initial positive findings, 
meta-analyses suggest that although immune- 
enhancing diets containing one or more of the 
aforementioned additives may benefit specific 
cohorts, clinical benefits are modest with no 
effect on mortality rates [85]. Additionally, most 
of the articles analyzed demonstrate selection, 
reporting, and industry bias. Consequently, lack 
of high-quality evidence precludes generalized 
provision of immune-enhancing diets to surgical 
patients. Scientific substantiation – in the form of 
high-quality, investigator-initiated studies which 
take measures to mitigate methodological flaws 
and bias – will be required to define putative ben-
efits of immunonutrition in the perioperative or 
peri-traumatic period.

 Pre-, Pro-, and Synbiotics

Although it continues to improve, critical care 
continues to have limitations, which has led to 
interest in novel approaches to treatment during 
critical illness, such as manipulation of the micro-
biome. Since 1907, when Nobel Laureate Elie 
Metchnikoff first described the concept of probi-
otics, the overarching opinion has been that pro-
biotics are safe and have a role in treating 
gastrointestinal diseases; however, routine use 
has not been supported by literature [86]. Over 
the past several decades, research has provided 
insight into how the stresses of ICU care, critical 
illness, and surgery all negatively impact the 
microbiome giving rise to virulent organisms col-
lectively called the pathobiome [87–95]. Various 
strategies have been reported to reduce the bur-
den the pathobiome with variable results. 
Probiotics are of increased interest in this domain, 
and research is forthcoming in use in critically ill 
populations.

The science of probiotics has evolved in a 
supplementary fashion like seen in immunonutri-
tion. Probiotics are live microbial mixtures 
administered pharmacologically to improve a 
patient’s gastrointestinal microbiome and confer 
health benefits. These microbes can be adminis-
tered concurrently with non-digestible food 

ingredients (i.e., fiber) called prebiotics that pro-
mote the growth of beneficial microorganisms. 
When a formulation contains both a live benefi-
cial microbe and a prebiotic ingredient, it is 
known as a synbiotic or symbiotic mixture.

Clinical interest in probiotics continues due to 
the beneficial microorganisms’ metabolic abili-
ties, which include the production of essential 
vitamins, hydrolysis of indigestible oligosaccha-
rides, competitive inhibition of nosocomial infec-
tions, improvement in host immune function, 
improvement in gut integrity, decrease in inflam-
mation, reduction in surgical site infections, 
shortening of hospital length of stay, reduction in 
septic episodes, and even improvement in anasto-
motic leak rates [96–104]. Over the last decade, 
probiotics have been shown to reduce inflamma-
tory biomarkers and oxidative stress while 
improving lipid profiles, glycemic control, dys-
biosis, and clinical outcomes [105–112]. 
Regardless of the amounting research that has 
shown a benefit, supplementing probiotics is still 
not considered standard of care in all ICU set-
tings. Nevertheless, the idea of “bioecological 
control” has blossomed in the critically ill and 
polytrauma patients defined as supplying viable 
beneficial bacteria or substrate to enhance these 
specific beneficial bacteria instead of eliminating 
the pathogen [113–115].

Despite the promising nature of these results, 
some attested benefits are plagued by the same 
major study limitations affecting the quality of 
surgical immunonutrition data – bias and hetero-
geneity. For example, meta-analysis of 20 studies 
demonstrated a decrease in post-operative infec-
tions with perioperative use of syn- and probiotic 
formulations. Of these, however, more than half 
did not report their randomization methods, allo-
cation concealment, or blinding methods. 
Nineteen of the twenty studies also had missing 
participant data, the highest percentage of which 
was 42.4% [116]. There is even trouble validat-
ing and providing the exact bacterial strain adver-
tised on the product label due to lack of 
standardization [117]. Of the 16 total probiotic 
products evaluated, only one perfectly matched 
the bifidobacterial label claims on pill-to-pill and 
lot-to-lot bases. Both further studies and quality 
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control of offered products are required before 
the perioperative use of syn- and probiotics can 
be routinely recommended, despite its promise.

 Enhanced Recovery After Surgery 
(ERAS) Protocols and Applications 
Within Nutrition

With the progression of surgical science, tech-
nique, and instrumentation, it has become 
increasingly safe and common to reintroduce 
enteral feeds early in the post-operative course. 
Enhanced recovery after surgery (ERAS) proto-
cols are standardized perioperative care pathways 
specifically designed to minimize post-surgical 
systemic inflammatory response (SIR), improve 
glycemic control, and overall shorten hospital 
length of stay [118–126]. This is achieved 
through a multimodal approach with components 
consisting of pre-operative optimization and 
immunonutrition shakes twice a day for 1 week, 
anesthesia, goal-directed fluid resuscitation, 
mobilization, chemoprophylaxis, and impor-
tantly early enteral feeding [126–130]. ERAS 
protocols are safe and cost-effective and are 
proven to lower recovery time and complication 
frequency [131, 132]. Minimizing the length of 
enteric starvation is important to recovery pro-
grams and runs counter to historical surgical 
dogma recommending return of bowel function 
prior to feeding, as alluded to earlier in this chap-
ter. Early EN is theorized to minimize enteric 
mucosal atrophy, normalize peristalsis, maintain 
the intestinal flora, and may reduce the physio-
logic hypermetabolism associated with surgery 
and the stress response.

 Conclusion

Surgical fields continue to recognize the impor-
tance of nutritional provision as an adjunctive, 
therapeutic modality within surgical popula-
tions. The consideration of nutritional state in 
the perioperative period and adjunctive supple-
ments are, in general, safe, feasible, and useful. 
As larger randomized controlled trials are per-

formed within surgical populations, the consid-
eration of individualized nutritional plans and 
operation- tailored protocols will be important in 
improving surgical outcomes and minimizing 
healthcare costs.
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 Introduction

A food allergy is defined as an adverse immune 
response after ingestion of a specific food. Food 
allergies are usually characterized as IgE- 
mediated or non-IgE mediated immune reactions. 
This is distinct from food intolerance, which 
refers to a non-immune reaction. Intolerances are 
categorized as metabolic, toxic, pharmacologic, 
or other mechanisms (Fig. 10.1) [1].

Extensive published literature estimates the 
prevalence of food allergies in the United States 
to be 8% and 10% in children and adults, respec-
tively [3]. The prevalence of food allergies along 
with hospitalizations related to allergies has 
continued to rise over the past decade. These 
allergies are common in the early years of life 
and decrease over the first decade. There seems 
to be a geographic predisposition with more 
people affected in industrialized and western 
regions. Eight food categories, including pea-
nuts (1.4%); tree nuts (1%); fish, shellfish, and 
eggs (1.5%); milk (2.5%); wheat (~0.4%); and 
soy (~0.4%), comprise a vast majority of aller-

gic disease burden and account for over 90% of 
food allergens [3].

 Food Allergies and Sensitivities

Individual physiologic and immunologic toler-
ance to ingested foods forms the foundation of 
food allergies and sensitivities that can be 
grouped into four categories: IgE-mediated, non- 
IgE- mediated, mixed, and non-immune. The 
mucosal immune system interacts with food anti-
gens and is responsible for alterations and modu-
lation of this immune reactivity. The 
gastrointestinal tract is composed of a single cell 
layer of the columnar epithelium joined by tight 
junctions and protected by trefoil factors 
(protease- resistant proteins that restore barrier), 
brush border enzymes, bile salts, and mucus. 
These factors work in combination to destroy 
pathogens and render antigens non- immunogenic. 
However, 2% of ingested food antigens are 
absorbed and transported into the body. These 
immunologically intact proteins do not usually 
provoke an immune response because of oral tol-
erance [4].

Oral tolerance normally occurs when a food 
antigen crosses an intact mucosal barrier and is 
delivered to antigen presenting cells (APCs), 
especially dendritic cells (DCs). Antigen-bound 
DCs in combination with suppressive cytokines, 
like interleukin 10, differentiate naïve T cells into 
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regulatory T cells rather than food antigen- 
specific T-helper type 2 (TH2) cells. Upregulation 
of food-specific IgA and IgG antibodies with a 
compensatory decrease of IgE antibodies cou-
pled with immune suppression of effector cells 
(mast cells and basophils) maintains tolerance 
and prevents these antigens from causing aller-
gies (Fig. 10.2) [5].

 IgE-Mediated Reactions

 Pathophysiology

Food allergies occur because of dysfunction of 
the immune system that normally maintains oral 
tolerance. An allergic response occurs in two 
steps: sensitization, which is defined as the devel-

opment of food-specific IgE, and subsequent 
exposure. Sensitization occurs when food anti-
gens cross a disrupted intestinal epithelial barrier 
in genetically predisposed individuals. This com-
promise in the integrity of the gut membrane 
results in the release of inflammatory cytokines, 
such as interleukin 25 (IL-25), IL-33, and thymic 
stromal lymphopoietin (TSLP), and allows anti-
gens to freely pass through the barrier. When 
antigens are taken up by DCs in the presence of 
these inflammatory cytokines, the benign antigen 
is seen as a “threat.”

The activated DCs convert naïve T cells into 
food antigen-specific Th2 cells, which results in 
the release of proinflammatory cytokines such as 
IL-4. This induces class switching of food 
antigen- specific B cells from IgA and IgG anti-
body production to IgE antibody production pro-

Adverse food reaction

Immune medicated
(primarily food allergy)

Non-immune medicated
(primarily food intolerance)

IgE
Mediated
e.g. acute
urticaria,

oral allergy
syndrome

Non-IgE
Mediated
e.g. food
protein-
induced

enteropathy
syndrome,

coeliac
disease

Cell
Mediated

e.g. allergic
contact

dermatitis

Metabolic
e.g. lactose
intolerance

Toxic
e.g.

scombroid
fish toxin

Other/
Idiopathic?
Undefined

e.g. sulphites

Pharmaco-
logic

e.g. caffeine

Mixed-IgE
and Non-IgE

Mediated
e.g.

 eosinophilic
oesophagitis

Fig. 10.1 Classification of adverse reactions to food 
(Reproduced from the Australasian Society of Clinical 
Immunology and Allergy [2]). Food allergies are charac-
terized into immune-mediated and non-immune-mediated 

reactions. Immune-mediated food reactions are further 
categorized based on the pathophysiology into IgE- 
mediated, non-IgE-mediated, and mixed IgE- and non- 
IgE mediated etiologies

Fig. 10.2 Immunopathogenesis of food allergies 
(Reproduced from Anvari et  al. 2018). Tolerance (left): 
Food allergens are exposed to macrophages in the intesti-
nal lumen, which transfer antigens to dendritic cells in the 
gut lamina propria, which in turn present food peptides to 
T-cell receptors on naïve T cells. These T cells differenti-
ate into T regulatory cells. Food-specific T cells with the 
help of cytokines TGF-beta and IL-10 encourage toler-
ance by suppressing mediator cells. Allergy (right): In the 

setting of immune barrier dysfunction, proinflammatory 
cytokines IL-25, IL-33, and thymic stromal lymphopoi-
etin (TSLP) are released and activate dendritic cells, 
which in turn present food peptides to T-cell receptors on 
naïve T cells to T-helper type 2 (Th2) cells. Food-specific 
Th2 cells secrete inflammatory cytokines such as IL-4, 
IL-5, and IL-13, promoting effector cell (eosinophils and 
basophils) recruitment. IL-4 also allows for B cells to pro-
duce food-specific IgE production
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moting a state of sensitization and allergy. 
Antibodies remain bound on effector cells (e.g., 
mast cells and basophils). Upon repeat exposure 
to the food antigen, cross-linking of IgE and the 
IgE receptors occurs on the surface of the effector 
cells resulting in the release of preformed media-
tors involved in anaphylaxis including histamine, 
tryptase, platelet-activating factor, prostaglan-
dins, and leukotrienes (Fig. 10.2) [5].

 Clinical Manifestations

Typical symptoms occur rapidly within minutes 
to hours after ingestion of causative food and can 
involve almost every organ system including the 
following: cutaneous (i.e., erythema, pruritis), 
ocular (i.e., tearing, conjunctival erythema), air-
way (i.e., cough, chest tightness, wheezing), gas-
trointestinal (i.e., nausea, emesis, diarrhea), and 
cardiac (i.e., tachycardia, hypotension) [5]. 
Clinical presentation and organ systems involved 
depend on certain factors such as underlying 
comorbidities (e.g., asthma), health status, activi-
ties performed during ingestion (e.g., exercise or 
alcohol consumption), dose ingested, route of 
exposure, and method of preparation of causative 
food [6]. Additionally, risk factors for reported 
fatal and near-fatal reactions include age, under-
lying respiratory diseases (e.g., asthma), con-
comitant use of β-blocker medications, reactions 
that do not involve the skin, and delay in treat-
ment [6].

Most food reactions involve cutaneous mani-
festations, such as pruritic rash, urticaria, and 
angioedema. IgE-mediated respiratory symptoms 
can involve the upper and lower airway. Upper 
airway symptoms present with nasal congestion, 
rhinorrhea, and nasal pruritus, and lower airway 
symptoms include wheezing, shortness of breath, 
cough, and use of accessory muscles. The most 
severe airway symptom is stridor resulting from 
airway obstruction.

Gastrointestinal manifestations include itch-
ing of the mouth or throat, nausea, vomiting, 
abdominal pain, and diarrhea. Bloody diarrhea, 
delayed diarrhea (>4  hours after ingestion of 
allergen), constipation, weight loss, and/or mal-

absorption are not typically the result of IgE- 
mediated disease, and other etiologies should be 
investigated [5]. The cardiovascular system can 
be affected resulting in dizziness, lightheaded-
ness, and syncope with resultant tachycardia, 
hypotension, cardiovascular collapse, or even 
death [5].

 Diagnostic Evaluation

A detailed food diary can supplement a medical 
history in unveiling the responsible food as well 
as in describing the interval between ingestion 
and symptom presentation. Immediate food- 
induced allergic reactions begin within minutes 
to a few hours following ingestion of a causative 
food and typically are IgE-mediated. Delayed 
food reactions typically occur several hours to 
days following ingestion and involve cellular 
mechanisms.

When the history and food diary are unreveal-
ing, allergy testing with IgE skin or blood tests 
can be performed. A skin test, performed by 
either prinking or intradermal injection of aller-
gens, is positive if local pruritis, erythema, and 
swelling occurs, a manifestation of activated 
mast cells primed by allergen-specific IgE.

IgE-specific skin or serum tests alone cannot 
be used for diagnosis given high rates of false 
positives; however, they can support the patient’s 
clinical history. Specifically, patients can show 
evidence of sensitization to an allergen in both 
tests without having a clinical allergic reaction to 
that allergen. High titer-specific IgE measure-
ments and strongly positive wheal diameters 
(greater than 8 mm) on skin prick testing, how-
ever, are highly predictive of clinical allergy.

Total IgE measurement has been found to 
have little clinical utility, low positive predictive 
values, and inability to exclude culprit food aller-
gens [5, 6]. IgG food-specific antibodies, total 
IgG antibodies, basophil activation, leukotriene 
release assays, and atopy patch test are similarly 
not recommended [1, 6].

The gold standard for determining and con-
firming the responsible antigen is a double-blind, 
placebo-controlled food challenge. In this set-
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ting, the patient receives doses of suspected food 
allergen or placebo that neither the patient nor 
allergist is aware of. However, given the expense 
and inconvenience of this test, single-blind food 
challenge and open-food challenge are more 
commonly in clinical settings [1].

 Management

The mainstay of therapy is to identify and avoid 
specific food allergens that incite symptoms. 
Severe IgE-mediated reactions, such as anaphy-
laxis, require emergent management. After iden-
tifying symptoms as part of an anaphylactic 
reaction, intramuscular (IM) epinephrine remains 
the first-line treatment. Delay in epinephrine 
injection is associated with increased mortality. 
Epinephrine acts by vasoconstricting blood 
 vessels to maintain blood pressure and dilating 
airways to decrease airway edema and improve 
respiration.

Intramuscular epinephrine can be adminis-
tered via an autoinjector placed into the mid- 
outer thigh (vastus lateralis muscle). IM route is 
preferred over intravenous and subcutaneous 
routes, and autoinjectors can be used in many 
individuals, except infants weighing under 10 kg 
and adults weighing over 50  kg (who require 
weight-based dosing of 0.01 mg/kg).

In the case of anaphylaxis, massive fluid shifts 
can occur. These patients should receive large 
volume of fluid resuscitation with normal saline. 
Following epinephrine and hydration, adjunctive 
therapies can be used in the treatment of contin-
ued reactions including antihistamines, broncho-
dilators, and glucocorticoids. These medications 
should not be first-line therapies in anaphylaxis 
as they do not improve respiratory obstruction or 
cardiovascular compromise. However, they are 
the mainstay in managing symptoms of less 
severe food-induced IgE-mediated allergic 
reactions.

First- and second-generation antihistamines 
relive pruritis and hives but can produce side 
effects (e.g., sedation). In the case of anaphy-
laxis, IV formulations are preferred, whereas 
less severe allergic reactions can be treated with 

oral formulations. H1 antihistamines like 
diphenhydramine, given with an H2 antihista-
mine, like ranitidine and famotidine, provide 
additional relief of hives. Inhaled bronchodila-
tors administered by a mouthpiece and nebu-
lizer can improve bronchospasm not responsive 
to epinephrine. Glucocorticoids have an onset of 
action over several hours and are thought to pre-
vent biphasic or protracted reactions. There is 
an overall lack of evidence supporting the ben-
efit of glucocorticoids, though they are com-
monly used.

The main long-term management strategy of 
IgE-mediated food allergies is strict food allergen 
avoidance. To reduce the risk of recurrence, 
patients should follow up with an allergist, who 
may aid in allergen identification, and a regis-
tered dietitian, who may counsel on recipes, meal 
plans, and analysis of food labels. Patients should 
also be given a prescription for epinephrine with 
instructions outlining proper use.

Oral immunotherapy, an emerging modality, 
is accomplished by using a small, increasing 
amount of culprit allergens or cross-reactive 
allergens to desensitize the patient and possibly 
induce tolerance. Allergen-specific immunother-
apy improves clinical symptoms of FA while on 
therapy; however, long-term clinical benefit and 
safety data of immunotherapy is unknown. Other 
modes of immunotherapy including epicutane-
ous and sublingual are also being studied and 
may become useful in the future.

 Non-IgE-Mediated Reactions

Non-IgE-mediated food allergies encompass a 
wide spectrum of disorders including food 
protein- induced enterocolitis syndrome (FPIES), 
allergic proctocolitis (AP), food protein-induced 
enteropathy (FPE), and gluten-related disorders 
(Fig.  10.1). The pathophysiology of non-IgE- 
mediated food allergies is poorly defined but 
likely T-cell-mediated. Unlike IgE-mediated FA, 
symptom onset is delayed from hours to weeks 
after ingestion of causative food. Given the lack 
of temporal association between ingestion and 
symptoms as well as paucity of noninvasive con-
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firmatory testing, diagnosis of non-IgE-mediated 
food hypersensitivity can be challenging.

 Food Protein-Induced Enterocolitis 
Syndrome (FPIES)

FPIES represents the more severe end of the 
non- IgE- mediated food hypersensitivity spec-
trum that occurs almost exclusively in infants 
and young children. Although the pathophysiol-
ogy is not well understood, it is thought to be a 
T-cell- mediated disorder. It is hypothesized 
food allergens promote T-cell activation and 
release of proinflammatory cytokines resulting 
in local intestinal inflammation and subsequent 
increased intestinal permeability and fluid 
shifts. The local inflammation may be mediated 
by activated peripheral mononuclear cells, 
increased TNF-α, and decreased expression of 
TGF-β receptors in the intestinal mucosa. 
Humoral responses are also poorly understood, 
but studies reveal an increased number of IgM- 
and IgA-containing plasma cells [7]. More stud-
ies are required to understand the underlying 
mechanism of FPIES.

The most common inciting allergens are 
cow’s milk and soy proteins, but proteins in rice, 
oat, egg, wheat, and fish have also been impli-
cated. The suggested incidence of cow’s milk-
induced FPIES is 0.34% [8]. Age of onset is 
generally within the first year of life, and the 
inciting allergen correlates with early introduc-
tion of this food. FPIES to cow’s milk and soy 
usually starts within the first 3–6 months of life, 
while FPIES to solid foods starts later at 
4–8 months of age.

Acute FPIES presents with severe, projectile 
emesis, diarrhea, dehydration, and possibly 
shock within 1–6 hours after ingestion of caus-
ative food protein. Stools contain occult blood 
and inflammatory cells including neutrophils and 
eosinophils. Chronic FPIES is less prevalent and 
characterized by intermittent but progressive 
emesis, watery diarrhea, and failure to thrive. 
Unlike acute FPIES, there does not appear to be a 
clear temporal association between trigger food 
antigen and onset of symptoms.

 Allergic Proctocolitis (AP)

Allergic proctocolitis (AP) represents a milder 
end of the non-IgE-mediated food hypersensitiv-
ity spectrum. The pathophysiology is not well 
identified but also thought to be a 
T-cell-mediated.

This disease is exclusively identified in young 
infants within months after birth, with a preva-
lence of 1–2% [9]. Cow’s milk, found in either 
formula or breast milk, remains the most com-
mon offending antigen with an incidence of 76% 
[9]. Other dietary triggers include egg, soy, and 
corn, with some infants having multiple 
offenders.

Symptoms can begin as early as the first week 
of life. While some infants can be fussy and irri-
table, others can develop altered stool patterns 
varying from multiple daily stools with visible 
blood and mucus streaks to infrequent stools with 
occasional bleeding. Most infants are healthy 
appearing and thriving. This can result in delayed 
diagnosis.

 Food Protein-Induced Enteropathy 
(FPE)

Food protein-induced enteropathy (FPE) is rare 
with unknown prevalence. Cow’s milk is the 
most common food allergen causing FPE; how-
ever, it has also been associated with soy, egg, 
wheat, rice, chicken, and fish protein allergens. 
Eosinophils, cow’s milk-specific TH2 lympho-
cytes, and localized production of IgE in mucosa 
of the small intestine have been implicated in the 
pathophysiology of FPE.

FPE manifests in infancy with the most prom-
inent symptoms being watery diarrhea and fail-
ure to thrive accompanied by vomiting and 
abdominal distention and fullness. Malabsorption 
and steatorrhea distinguish this entity from 
FPIES and AP.

Laboratory work-up and endoscopy with 
biopsies are necessary to confirm the diagnosis 
and to differentiate this condition from other dis-
orders that cause failure to thrive and diarrhea. 
Laboratory findings may suggest malabsorption 
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with anemia (20–70%), hypoalbuminemia, and 
fat-soluble vitamin deficiency. Serologically, 
milk IgA and IgG antibodies are present. 
Endoscopic assessment can show villous efface-
ment with histology showing elevation and pre-
dominance of intraepithelial lymphocytes, mast 
cells, and eosinophils. Despite cessation, endo-
scopic remission may require 6 to 18 months of 
allergen avoidance.

 Gluten-Related Disorders

Gluten is the main structural protein complex 
found in wheat, rye, and barley. The immuno-
genic protein fractions of gluten include prola-
mins (gliadin) and glutenins. Three main forms 
of gluten reactions exist: (1) allergic (wheat 
allergy), (2) autoimmune (celiac disease, gluten 
ataxia, and dermatitis herpetiformis), and (3) 
possible immune-mediated (gluten sensitivity). 
Wheat allergy occurs via an IgE-mediated 
immune response with gluten peptides triggering 
a classic food allergy affecting the skin, gastroin-
testinal tract, and/or respiratory tract as described 
above in the IgE-mediated section.

 Celiac Disease (CD)
CD is an immune-mediated enteropathy trig-
gered by ingestion of gluten in genetically sus-
ceptible individuals that occurs in up to 1% of the 
population (see details in Chap. 6). Here we will 
discuss the immunogenic process of CD. Genetic 
predisposition plays a role in CD with all patients 
expressing a gene that encodes for the major his-
tocompatibility complex (MHC) human leuko-
cyte antigen (HLA) class II proteins HLA DQ2 
(approximately 95%) and HLD-DQ8, located on 
chromosome 6p21. While the presence of these 
HLA class II proteins alone does not ensure CD, 
their presence is necessary for disease 
development.

The development of CD relies on exposure to 
gliadin, one of the soluble protein components of 
gluten. Gliadin fragments gain entry through the 
epithelial barrier into the lamina propria and are 
deaminated by tissue transglutaminase (TTG). 
Gliadin is then deaminated by TTG activating 

both the adaptive and innate immune systems. In 
the adaptive immune response, APCs, including 
macrophages, DCs, and B cells, express HLA 
class II DQ2 and/or DQ8 molecules on their sur-
face which then uptake and display gliadin pep-
tides. These APCs bind with gliadin-specific 
CD4 Th1 cells, producing proinflammatory cyto-
kines. The resultant effect is crypt hyperplasia 
and villous blunting in the small intestine. 
Similarly, the innate immune response increases 
inflammatory mediators like IL-15 and interferon 
alpha with subsequent recruitment of intraepithe-
lial lymphocytes to the intestinal epithelium.

Classic CD is characterized by diarrhea or 
signs and symptoms of malabsorption with steat-
orrhea, weight loss, or vitamin deficiency; how-
ever, patients often present with minor 
gastrointestinal complaints with extraintestinal 
manifestations including anemia, osteoporosis, 
arthritis, increased transaminases, neurological 
symptoms, and/or infertility.

 Non-celiac Gluten Sensitivity
Non-celiac gluten sensitivity (NCGS) is a term 
used to describe individuals who do not have CD 
or wheat allergy but develop intestinal and/or 
extraintestinal signs and symptoms induced by 
gluten ingestion that improve when gluten- 
containing grains are removed from the diet [10]. 
The true prevalence is unknown due to the lack of 
definitive diagnostic testing. It is thought, how-
ever, to be more prevalent than celiac disease.

The pathophysiology of NCGS remains 
largely undetermined. While gliadin plays a 
prominent role in the pathogenesis of gluten sen-
sitivity, it is hypothesized that other components, 
like α-amylase/trypsin inhibitors, may also con-
tribute. Gliadin fragments bind the CXCR3 che-
mokine receptor allowing the release of zonulin, 
a modulator of intracellular tight junctions which 
regulates gut permeability. This reaction occurs 
in all individuals who ingest gluten, usually with-
out any consequences [11]. However, these 
events can cause an inflammatory process in 
genetically predisposed individuals when gluten 
is mistaken as a pathogen by the immunologic 
surveillance system. Increased permeability of 
the epithelial barrier facilitates gliadin fragments 
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trafficking from the gut lumen to lamina propria 
resulting in the activation of the intestinal innate 
immune system. Unlike in celiac disease, there is 
no subsequent activation in the adaptive immune 
system which explains the lack of enteropathy 
and villous blunting in this condition [11].

Clinical symptoms are like CD and include 
abdominal pain, bloating, and altered bowel hab-
its (diarrhea, constipation, or both). Extraintestinal 
manifestations include mental fog, defined as 
slowed thinking, headache, joint and muscle 
pain, fatigue, depression, leg or arm numbness, 
dermatitis, and anemia.

Unlike CD, NCGS has no validated serum bio-
markers for diagnosis. Given the overlap in symp-
toms between CD, NCGS, and wheat allergy, it 
becomes important to diagnose an underlying dis-
ease with serologic and histologic evaluation.

 Management

The cornerstone of the management of FPIES, 
FPE, AP, and gluten-related disorders is the 
avoidance of offending foods. For acute manage-
ment of FPIES, intravenous or oral rehydration 
may be required based on the ability to tolerate 
oral intake. Anti-emetics, such as ondansetron, 
may be considered to control emesis. With rehy-
dration and food avoidance, acute FPIES resolves 
in a few hours, and chronic FPIES resolves in 
days to weeks. Similarly, FPE symptoms resolve 
within 1–4 weeks with avoidance; however, reso-
lution of biopsy findings can take up to 18 months.

In breast-fed infants with AP, eliminating the 
offending agent in mom’s diet, usually cow’s 
milk, is key to resolution, with bleeding improv-
ing in 72 to 96 hours. Unremitting symptoms can 
require change from breastfeeding to a casein 
hydrolysate formula or amino acid-based for-
mula. In formula-fed infants with AP, transition 
to extensively hydrolyzed formula is considered 
first-line therapy especially in infants less than 
6 months with failure to thrive.

For both AP and FPE, food avoidance is not 
permanent. Foods can be reintroduced gradually 
if skin prick test and food-specific IgE antibody 
levels are negative. In FPIES, food can be reintro-

duced under medical supervision given the risk 
of hypotension.

In gluten-related disorders, the mainstay of 
management is avoidance of gluten-containing 
foods. Unlike CD and wheat allergy, NCGS may 
be transient. Current recommendations are to fol-
low a gluten-free diet (GFD). In instances of 
NCGS, gluten may be introduced after a finite 
amount of time to determine tolerance. Based on 
severity of symptoms, some patients with NCGS 
may choose to follow a GFD indefinitely. These 
patients, along with patients diagnosed with CD 
and wheat allergy, should be monitored closely 
by a gastroenterologist and registered dietician to 
confirm they are avoiding inadvertent exposures 
and meeting daily fiber and micronutrient goals.

 Mixed IgE- and Non-IgE-Mediated 
Food Allergy

 Eosinophilic Gastrointestinal 
Disorders

Some food allergy disorders result from both 
IgE- and non-IgE-mediated immune processes. A 
common example is allergic eosinophilic gastro-
intestinal disorders (EGIDs), which are charac-
terized by pathologic eosinophilic infiltration of 
the esophagus, stomach, small intestine, and/or 
colon leading to organ dysfunction and clinical 
symptoms. EGIDs include eosinophilic esopha-
gitis (EoE), eosinophilic gastritis (EG), eosino-
philic enteritis (EE), eosinophilic colitis (EC), 
and eosinophilic gastroenteritis (EGE). The most 
common of the disorders is eosinophilic esopha-
gitis (EoE), with an estimated prevalence of 
1/1000. (refer to Chap. 5 for an in-depth discus-
sion of EoE). For this chapter, we will focus on 
the other subtypes of EGIDs.

The estimated prevalence of EG, EGE, and EC 
are 6.3/100,000, 8.4/100,000, and 3.3/100,000, 
respectively [12]. Overall, the prevalence of non-
EoE EGIDs remains rare in the United States with 
less than 50,000 total people affected [12]. 
Genetic predisposition in combination with envi-
ronmental factors and host’s immune system 
plays a role in pathogenesis. Familial clustering 
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has been reported with 10% of patients having an 
immediate family member with an eosinophilic 
gastrointestinal disorder [12].

 Pathophysiology
Eosinophils are normally present in all regions of 
the gastrointestinal tract except for the esophagus 
and participate in immune homeostasis. However, 
a large number of mucosal eosinophils reflect a 
pathologic process driven by exposure to food 
antigen. A T-helper type 2 (Th2) cell immune 
response and increased levels of mucosal perme-
ability are the primary abnormalities found in 
EGIDs. TH2 immune response increases produc-
tion of cytokines, such as IL-5, which promotes 
eosinophil development, activation, survival, and 
recruitment to sites of inflammation, and IL-13, 
which induces gene expression necessary to 
accumulate eosinophils in the mucosa [13].

Once densely infiltrated, eosinophils become 
activated, releasing granules of proinflammatory 
mediators, leukotrienes, and prostaglandins. The 
resultant effect is increased epithelial infiltration 
and alteration of sensory and motor activities of 
the mucosa. Augmented intestinal permeability 
makes entry of food and environmental allergens 
into subepithelial tissues easier. This stimulates a 
Th2 cell-mediated immune response which leads 
to eosinophilic inflammation and eventual tissue 
remodeling and fibrosis [14].

 Clinical Manifestations
The clinical presentation depends on the location, 
extent, and layer(s) of the gastrointestinal tract 
involved. The most common symptoms are 
abdominal pain, nausea, vomiting, early satiety, 
and diarrhea with only 33% of patients develop-
ing weight loss. Those diagnosed with EG pri-
marily present with nausea, vomiting, abdominal 
pain, and early satiety. Diffuse small bowel 
involvement in EE and EGE disrupts the intesti-
nal barrier resulting in malabsorption, protein- 
losing enteropathy, and failure to thrive. Those 
with EC can present with diarrhea, abdominal 
pain, and hematochezia.

EGIDs can affect the mucosal, muscular, and 
serosal layers, with mucosal involvement most 
common. Involvement of the muscular layer 

results in wall thickening and impaired motility. 
Patients may present with gastric or intestinal 
obstruction reporting nausea, vomiting, abdomi-
nal distention, and rarely perforation. Sub-serosal 
disease is the rarest form and can present with 
isolated ascites or ascites in combination with 
symptoms seen in the other subtypes.

 Diagnosis
EGIDs are suspected in patients with concerning 
clinical manifestations associated with peripheral 
eosinophilia, which is seen in 80% of patients. 
Eosinophil counts can range from 5% to 35% of 
total white blood cells with an average absolute 
eosinophil count of greater than 500 cells/
μL. Mucosal and sub-serosal diseases are charac-
terized by higher eosinophil count compared 
with the disease that involves the muscular layer. 
Those with malabsorption can have hypoalbu-
minemia, iron deficiency anemia from occult 
bleeding and erosions/ulcerations, increased 
fecal fat excretion, and prolonged prothrombin 
time due to vitamin deficiencies. Serum IgE lev-
els are markedly elevated. In 25% of the cases, 
elevated ESR is seen. Evaluation of patients sus-
pected to have an EGID should exclude alternate 
causes of eosinophilia.

Imaging is not necessary for diagnosis; however, 
barium studies and cross-sectional imaging may 
reveal thickening or nodularity in the antrum and 
thickening or “saw-tooth” mucosa in the small 
intestine. Despite abnormalities being present, these 
findings are not sensitive or specific for diagnosis.

Diagnosis is made during upper endoscopy 
with biopsies. Because eosinophilia can be 
patchy in patients, multiple biopsies of both nor-
mal and abnormal mucosa must be taken to 
increase sensitivity. It is important to remember 
that biopsies are normal in sub-serosal and mus-
cular disease. It is important to notify the pathol-
ogist for clinical suspicion of this diagnosis. 
Because the stomach and duodenum are the most 
affected sites, initial endoscopic evaluation is 
limited to the upper gastrointestinal tract. 
Diarrhea-prominent disease should be investi-
gated with a colonoscopy and subsequent exami-
nation of the terminal ileum, which can show 
erythema, nodularity, and thickened folds.
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 Management
Like EOE, elimination diet and corticosteroids 
are the mainstay of therapy of EGIDs. 
Administration of prednisone, a systemic gluco-
corticoid, at 30–40  mg/day is the most widely 
used treatment for EGE.  The use of swallowed 
topical administration is also an option; however, 
effectiveness of this approach has not been eluci-
dated in the literature. Histamine H1 receptor 
antagonists, leukotriene receptor antagonists, 
mast cell stabilizers, and immunosuppressive 
agents have been reported for use in both patients 
who respond to steroids and those who do not. 
The effectiveness of these drugs is unknown 
because randomized controlled trials are limited. 
A six-food elimination diet, cutting out wheat, 
milk, egg, soy, nuts and tree nuts, and seafood 
and reintroducing eliminated components, may 
allow for improvement in symptoms.

 Non-immune-Mediated GI Adverse 
Reactions to Food

Food intolerance or sensitivity refers to a non- 
immunologic reaction to food and can result from 
a wide range of etiologies. It affects up to 15–20% 
of the population [15]. Intolerances are catego-
rized into metabolic, pharmacologic, and other 
etiologies based on their pathophysiology. In this 
section, we will focus on enzymatic defects (e.g., 
disaccharidase deficiencies), pharmacologic food 
intolerances, toxic reactions to food, and other 
food intolerances including those related to spe-
cific ingestions (i.e., fermentable oligo-, di-, and 
monosaccharides and polyols (FODMAPs), food 
additives, and food pathogens).

 Enzymatic Defects: Disaccharide 
Intolerance

Disaccharides are sugar molecules composed of 
a combination of two monosaccharides (glucose, 
fructose, galactose) and include lactose (glucose- 
galactose), sucrose (glucose-fructose), maltose 
(glucose-glucose), and trehalose (glucose- 
glucose). Disaccharides are broken down into 

their single sugar components by enzymes found 
in the intestinal brush border known as disaccha-
ridases. Disaccharide intolerance occurs in the 
setting of disaccharidase ingestion out of propor-
tion of available enzyme and/or activity. Adult- 
onset lactose intolerance is by far the most 
common type, affecting up to 67% of the global 
population [16].

Lactose intolerance is especially prevalent 
among Asian, African, Native-American, and 
Mediterranean populations. Lactase activity 
peaks at birth and is reduced during childhood to 
facilitate breastfeeding weaning. Lactose intoler-
ance is less common in Caucasians due to a gain 
of function mutation leading to lactase persis-
tence [17]. Lactose intolerance occurs when there 
is inadequate lactase activity resulting in unab-
sorbed lactose after ingestion. Gut bacteria 
metabolize unabsorbed sugars resulting in the 
production of hydrogen, methane, and short- 
chain fatty acids, which lead to the GI symptoms 
of abdominal pain and cramping, bloating, diar-
rhea, and borborygmi. Symptom development 
depends on the mismatch of lactose ingestion 
with enzyme activity and can be worsened by 
visceral hypersensitivity associated with anxiety 
or IBS [17]. Lactose content is higher in milk, ice 
cream, and butter products compared to yogurt 
and cheese because bacteria used to produce the 
latter break-down lactose resulting in lower total 
lactose levels.

Sucrose intolerance occurs due to inadequate 
sucrase-isomaltase and can be congenital or 
acquired. New evidence estimates that 2–9% of 
Americans of European descent may be affected 
by sucrose intolerance [18]. Maltase and treha-
lase deficiencies are rarer types of disacchari-
dase deficiencies with unknown prevalence. 
Maltose is a disaccharide formed from two 
units of glucose with an alpha (1–4) bond, com-
pared to the alpha (1–6) bond of isomaltose. 
The pathophysiology of these disaccharide 
intolerances is similar to lactose intolerance in 
that undigested sugars accumulate in the intes-
tinal lumen leading to osmotic diarrhea and 
bacterial fermentation that induces additional 
changes in bowel habits, bloating, and abdomi-
nal pain.
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Disaccharidase intolerances, such as lactose 
deficiency, can be assessed by disaccharide 
breath tests, but clinical aptitude of these tests is 
questionable, and an elimination diet may be 
more effective in diagnosing the condition and 
recommending sugar avoidance. Additionally, 
saliva tests are available for evaluation of sucrase 
activity, though these have similar clinical 
limitations.

 Pharmacologic Food Intolerance

Pharmacologic food intolerance results from 
ingestion of vasoactive amines including dopa-
mine, histamine, norepinephrine, 
 phenylethylamine, serotonin, and tyramine. A 
common example is ingestion of histamine in the 
form of matured cheeses, alcoholic beverages, 
and fermented foods, which leads to systemic 
and gastrointestinal complaints. Histamine is 
metabolized extracellularly by diamine oxidase 
and intracellularly by histamine- N- 
methyltransferase [19]. Reduced activity of these 
enzymes leads to histamine toxicity and symp-
toms. Overall, histamine- rich food avoidance is 
crucial for diagnosis and management because 
there is limited utility in checking serum hista-
mine levels.

Tyramine toxicity most frequently occurs in 
patients taking MAO inhibitors who ingest 
tyramine- rich foods such as cheese and wine but 
can also occur due to increased bacterial decar-
boxylation activity in poorly preserved foods 
[20]. Excess tyramine results in sympathetic 
stimulation with hypertensive crisis, headache, 
and flushing. Management of hypertensive crisis 
includes administration of phentolamine or nitro-
prusside. Beta-blockers should be avoided to pre-
vent unopposed alpha receptor activation, which 
worsens elevated blood pressures.

 Toxic Food Intolerance

Ingestion of toxic food components can also 
induce systemic and gastrointestinal complaints. 
Scombroid poisoning is the most common pre-

sentation, representing a histamine toxicity that 
occurs due to ingestion of spoiled dark meat fish 
such as tuna, mahi-mahi, or mackerel. During the 
spoilage period, bacterial histidine decarboxylase 
converts histidine to histamine. Symptoms occur 
20–30  minutes after ingestion and are usually 
mild and self-limiting. These include facial flush-
ing, burning sensation of the mouth, abdominal 
pain, diarrhea, headache, and palpitations [21]. 
Scombroid poisoning is frequently misdiagnosed 
as fish allergy, so history-taking and nuanced 
assessment of symptoms are critical. First-line 
immediate treatment is antihistamines. 
Epinephrine is rarely used, though may be neces-
sary if the patient develops anaphylaxis with 
hypotension, angioedema, and bronchospasm.

 Specific Food Component 
Intolerances

 Fermentable Carbohydrates
Fermentable oligo-, di-, and monosaccharides 
and polyols (FODMAPs) are short-chain carbo-
hydrates and sugar alcohols such as fructose, lac-
tose, sorbitol, and mannitol that are fermented by 
intestinal bacteria. Examples of high-FODMAP 
foods include beans, wheat and rye, dairy prod-
ucts, dried fruit, artificial sweeteners, and 
alcohol.

These foods cause GI symptoms such as bloat-
ing, abdominal pain, nausea, and altered bowel 
habits (diarrhea and/or constipation) due to poor 
intestinal absorption, high osmotic activity, rapid 
fermentation, and increased gas production by 
intestinal bacteria. The combined effects of 
increased water delivery and gas in the lumen 
cause distention and lead to pain and discomfort 
in susceptible patients. Because IBS patients 
have increased visceral hypersensitivity, they are 
also more likely to experience functional GI 
symptoms from FODMAP ingestion.

Studies show that a low-FODMAP diet leads 
to clinical response and improvement in symp-
toms for 50–80% of patients with IBS [22]. Low- 
FODMAP diets have also helped mitigate 
IBS-like symptoms in IBD patients, but recom-
mendations are still controversial due to the risk 
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of undernutrition with dietary restriction in this 
population [23]. Low-FODMAP dietary educa-
tion should be provided to avoid dietary over- 
restriction and nutritionally replete diet. This 
education consists of initially eliminating 
FODMAPs from the diet for 2 to 8 weeks and 
then, if symptom resolution occurs and patient is 
considered a responder, sequentially reintroduc-
ing foods high in fermentable carbohydrates to 
determine individual tolerance and define per-
sonalized dietary approach.

 Food Additives
Food additives, such as preservatives, nutri-
tional additives, coloring, flavoring, and textur-
ing agents, are used during food production at 
allowed doses. However, these bioactive chemi-
cals can cause physiological changes and have 
potentially harmful health effects. Specifically, 
sulphites, nitrites, nitrates, and monosodium 
glutamate have been implicated as causing 
asthma, rhinitis, urticaria, pruritus, and 
migraines. An ongoing area of research is the 
effect of food additives on the human gut 
microbiota, which can have pervasive effects on 
various metabolic processes and diseases such 
as obesity, diabetes, and cardiovascular disease. 
Future studies in humans will be critical to 
define safety.

 Food Poisoning

Food poisoning is the ingestion of foods con-
taminated with bacteria, toxins, viruses, para-
sites, or chemicals. Common pathogens include 
staphylococcal enterotoxins, Bacillus cereus 
toxins, gram-negative enteric pathogens, and 
hepatitis A virus. The time course of developing 
symptoms varies depending on the pathogen 
ingested, within hours for toxins and days for 
bacteria or viruses. Treatment is supportive, and 
resolution of symptoms is also variable, ranging 
from hours to weeks depending on the offending 
agent. Bacterial and protozoal infections are 
more likely than viral infections to lead to pro-
longed post- infective irritable bowel syndrome 
(PI-IBS) [24].
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 Introduction to the Gut Microbiome

The human gut is inoculated at birth and develops 
a microbiome resembling that of an adult by age 
3–5 [1]. The fermentation of dietary carbohy-
drates, lipids, proteins, and secretions such as 
mucin by anaerobic gut bacteria contributes to 
homeostasis and energy balance as well as physi-
ologic resistance [1]. Dysbiosis, or disruption of 
the microbiota, can occur secondary to medica-
tions, infections, aging, lifestyle, poor nutrition, 
and chronic gastrointestinal diseases [1]. It is 
hypothesized that alteration of the colonic bacte-
ria may be a contributing etiology for irritable 
bowel syndrome (IBS) and that IBS symptoms 
such as bloating, slowed intestinal transit, and 
early satiety may be associated with specific gut 
microbiota profiles, indicating a potential thera-
peutic role for prebiotics and probiotics [2].

 Prebiotics

Prebiotics, which include non-digestible oligo-
saccharides or short-chain polysaccharides, are 
defined as selectively fermented ingredients or 
substrates that are utilized by host microorgan-

isms. These compounds promote specific 
changes, both in the composition and activity of 
the gastrointestinal microbiota that may confer 
health benefits [3, 4]. By increasing specific bac-
teria within the colonic flora, for example, lacto-
bacilli and bifidobacteria, there is alteration and 
modification of the microbiome resulting in the 
replacement of potentially pathogenic species 
with beneficial microorganisms which may have 
therapeutic benefit in gastrointestinal disease [5–
7]. Prebiotics are resistant to gastric acid, hydro-
lysis, and gastrointestinal absorption. They are 
fermented by intestinal microorganisms and 
selectively stimulate growth of intestinal bacteria 
associated with health and well-being [8, 9]. 
Byproducts of the fermentation of prebiotics may 
also play a role in immune modulation, defense 
against pathogens, increasing satiety, increasing 
calcium absorption, increasing fecal weight, and 
shortening gastrointestinal transit time, among 
other metabolic effects [2, 6]. Examples of prebi-
otics include inulin, fructo-oligosaccharides, 
galacto-oligosaccharides, soybean oligosaccha-
rides, breast milk oligosaccharides, lactulose, 
and complex polysaccharides that constitute fiber 
[6, 10]. Prebiotics have been proposed to have 
therapeutic benefit in IBS, chronic idiopathic 
constipation, inflammatory bowel disease (IBD), 
and nonalcoholic fatty liver disease (NAFLD) 
[11]. Animal studies reveal that prebiotics may 
play a role in colorectal cancer (CRC) although 
no human trials have been conducted to date [12].
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 Use in Digestive Disease 
Management

The use of prebiotics in IBS is weakly recom-
mended due to low-quality evidence [2]. In a 
double-blind randomized placebo-controlled trial 
including 128 patients with IBS treated with pre-
biotics derived from chicory, abdominal pain 
relief scores and flatulence scores were signifi-
cantly improved with prebiotic therapy [2, 13]. 
Another double-blind randomized controlled 
trial in patients with IBS compared prebiotic sup-
plements with a low-FODMAP diet and placebo; 
results demonstrated that although both active 
treatments improved daily symptom scores and 
flatulence, symptoms relapsed more quickly after 
discontinuation of the low-FODMAP diet versus 
prebiotics [14]. A recent systematic review and 
meta-analysis of 11 randomized controlled trials 
with notable limitations including lack of stan-
dardization in prebiotic formulas failed to find 
significant improvement of symptoms or quality 
of life in patients with IBS or functional gastroin-
testinal disorders treated with prebiotic supple-
ments [15]. While prebiotics were hypothesized 
to play a role in chronic idiopathic constipation 
based on an early study, a subsequent random-
ized controlled trial revealed no significant relief 
in constipation in patients treated with prebiotics 
versus placebo [16–18].

Prebiotics have been studied minimally in 
IBD. Although animal studies suggest that prebi-
otics may be effective in treating Crohn’s disease 
(CD), these findings have not been corroborated 
in human studies [19]. A small pilot study of ten 
patients with CD showed that prebiotics increased 
colonic bifidobacteria and reduced disease activ-
ity; however, two larger randomized controlled 
trials showed no benefit [20–22]. Prebiotics were 
studied in comparison to mesalamine in one ran-
domized controlled trial of 102 patients with 
ulcerative colitis (UC) [23]. Results indicated that 
both agents were similarly effective in sustaining 
clinical and endoscopic remission [23]. When 
investigated in combination with probiotics as a 
symbiotic, a small pilot study demonstrated 
reduced endoscopic disease activity and mucosal 
inflammatory cytokines in nine treated patients, 

although clinical disease activity was not signifi-
cantly decreased in comparison to placebo [24]. 
The role of prebiotics in treatment of inflamma-
tory bowel disease therefore remains unclear.

 Probiotics

Probiotics were first defined in 1965 as sub-
stances secreted by one microorganism which 
stimulate the growth of another [25]. Currently, 
probiotics are defined as live organisms which, 
when administered in adequate amounts, confer 
a health benefit to the host. They are divided into 
four categories: (1) live or active cultures, (2) 
probiotics in food or supplements without a 
health claim, (3) probiotics in food or supple-
ments with a specific health claim, and (4) probi-
otic drugs [26, 27]. Probiotics exert their effects 
on the digestive tract by increasing beneficial 
anaerobic bacteria, decreasing potentially patho-
genic organisms, and modifying the microbiota 
and luminal milieu, gut barrier, intestinal 
immune response, neuromuscular function of 
the gastrointestinal tract, and microbiota of the 
gut-brain axis [27, 28]. Probiotics inhibit epithe-
lial apoptosis, promote integrity of the mucus 
layer, increase production of tight junction pro-
teins, and stimulate IgA secretion, thereby 
strengthening the gut barrier [28]. Probiotics 
also reduce visceral hypersensitivity, enhance 
gut transit, and enhance neurotransmitter pro-
duction [28]. They interact with the gut micro-
biota, compete for nutrients, and produce organic 
acids and enzymes such as beta-galactosidase, 
bile salt hydrolase, and lactase [2].

Probiotics are generally identified by the 
genus, species, subspecies, and strain [28]. The 
most common probiotics are Lactobacillus and 
Bifidobacterium species, but others utilized 
include Bacillus, Saccharomyces, E. coli, 
Clostridium, Enterococcus, Lactococcus, 
Leuconostoc, Pediococcus, Propionibacterium, 
and Streptococcus [28, 29]. Combinations of pro-
biotics that have been well studied include 
Align®, which is composed of Bifidobacterium 
longum; VSL#3, which is composed of 
Bifidobacterium breve, longum, and infantis; 
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Lactobacillus acidophilus, Lactobacillus del-
brueckii, Lactobacillus plantarum, Lactobacillus 
paracasei, and Lactobacillus bulgaricus; and 
Streptococcus thermophilus [29, 30]. The poten-
tial application of probiotics has been studied for 
the treatment of antibiotic-associated diarrhea 
(AAD), Clostridioides difficile infection (CDI), 
radiation-induced diarrhea, small intestinal bac-
terial overgrowth, infectious diarrhea, traveler’s 
diarrhea, H. pylori gastritis, IBD, IBS, colic, nec-
rotizing enterocolitis, NAFLD, and hepatic 
encephalopathy [28, 29]. Several systemic 
reviews and meta-analyses regarding the use of 
probiotics in gastrointestinal disorders have been 
published. Limitations of published data, how-
ever, include the heterogeneity of studies in terms 
of the types and formulations of probiotics used, 
dosage administered, duration of therapy, out-
come measures, sample size, and patient popula-
tion studied [26].

 Use in Digestive Disease 
Management

Probiotics have been considered as possibly ben-
eficial in IBD based on the hypothesis that dys-
biosis may be a pathogenic mechanism for CD 
and UC [31]. In a systematic review of case- 
control studies evaluating the microbiota of 
patients with IBD compared with healthy con-
trols, patients with CD had decreased amounts of 
Christensenellaceae, Coriobacteriaceae, and 
Faecalibacterium prausnitzii and increased 
Actinomyces, Veillonella, and Escherichia coli 
[31]. Eubacterium rectale and Akkermansia were 
decreased in patients with UC, whereas E. coli 
was increased [31]. Given the variation of the gut 
microbiome between patients with IBD and 
healthy controls and the aforementioned immu-
nomodulatory, anti-inflammatory, and gut barrier 
protective mechanisms of probiotics, probiotics 
have been considered a potential complementary/
alternative therapy in this population [32, 33]. In 
a systematic review of seven small randomized 
controlled trials comparing probiotics to placebo 
in patients with mild to moderately active UC, 
probiotics had potential remission-inducing 

effects [34]. Three of the seven trials demon-
strated that specifically the product VSL#3 dem-
onstrated significant increase in response and 
remission rates [34]. Although another study 
found no difference in remission rates based a 
global assessment scale, VSL#3-treated patients 
showed improvement in rectal bleeding and stool 
frequency scores [35]. A small study included 29 
pediatric patients with UC who received steroid 
induction and mesalamine maintenance therapy 
and were treated with VSL#3 or placebo; remis-
sion was achieved in a greater number of patients 
receiving VSL#3 as compared to placebo [36]. In 
the review by Koretz, two of five low-quality ran-
domized controlled trials analyzed showed that 
Bifidobacterium may be effective for mainte-
nance of remission in patients with UC [34]. 
Other probiotics that have been evaluated in the 
management of UC include E. coli (Nissle), 
Lactobacillus, and Streptococcus [29, 32–34]. A 
more recent technical review of the seven afore-
mentioned randomized controlled trials in UC 
analyzed by Koretz found that probiotics were no 
more effective than placebo in the induction of 
remission and probiotic-treated patients had 
lower rates of relapse compared to placebo, 
though the results were not statistically signifi-
cant [37]. Evidence was considered low quality 
due to imprecision, inconsistency, and risk of 
bias [37]. Additionally, studies comparing probi-
otic E. coli to mesalamine showed no significant 
difference in induction or maintenance of remis-
sion in patients with UC [37]. Probiotics have 
also been studied in post-surgical UC patients 
with ileal pouch anal anastomoses complicated 
by pouchitis. In a Cochrane systematic review of 
six randomized controlled trials, Lactobacillus 
had no effect on active pouchitis, but VSL#3 was 
effective as prophylaxis and induced mainte-
nance of remission [37–40]. Although a small 
randomized controlled trial of Saccharomyces 
boulardii showed some benefit in CD, four other 
trials demonstrated either no effect or adverse 
effects associated with the use of probiotics in 
CD [34]. Probiotics have also been found to be 
ineffective in maintaining clinical remission in 
patients with CD who have undergone surgical 
resection [33, 41–45].
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Data supporting the use of probiotics in micro-
scopic colitis, traveler’s diarrhea, and infectious 
colitis is limited [34]. Studies showed no benefit 
conferred by probiotics in microscopic colitis or 
traveler’s diarrhea [34]. Low-quality studies 
demonstrate that probiotics may improve clear-
ance of Giardia cysts and may result in more 
rapid recovery from amebiasis [34]. One system-
atic review and meta-analysis revealed that probi-
otic use may play a role in the prevention and 
treatment of SIBO, although the heterogeneity of 
the studies limited the validity of these findings 
[46]. In patients with diverticular disease who 
had symptoms of chronic abdominal pain and 
altered bowel habits not necessarily associated 
with acute diverticulitis, probiotics improved 
pain independently or in combination with mesa-
lamine when compared to placebo [34].

A systematic review was unable to assess the 
utility of probiotics in IBS given the heterogene-
ity and limitations of the studies evaluated, 
although several studies suggested benefit for 
Bifidobacterium infantis [47–50]. To date, there 
are more than 50 randomized controlled trials 
studying the effects of probiotics in IBS [51–53]. 
Although there is significant heterogeneity 
among studies comparing probiotics to placebo, 
probiotics have demonstrated statistically signifi-
cant superiority to placebo in regard to global 
IBS symptoms scores, flatulence scores, bloating 
scores, and abdominal pain scores [2, 17]. It is 
important to note that benefits are strain and 
dose-specific and that high-quality studies 
regarding the role of probiotics in IBS are war-
ranted [54].

Studies regarding the use of probiotics in 
antibiotic- associated diarrhea (AAD) and C. 
difficile infection (CDI) have had varying con-
clusions but have trended toward efficacy. The 
etiology of AAD and CDI is presumed to be an 
alteration in the intestinal microbiome second-
ary to the use of antibiotics [34]. An early 
meta- analysis of 25 randomized controlled tri-
als found that probiotics (specifically 
Saccharomyces boulardii, Lactobacillus 
rhamnosus GG, and probiotic mixtures) 
reduced the development of AAD, with S. bou-

lardii being the only probiotic effective for the 
prevention of CDI [55]. Similar conclusions 
about the efficacy of probiotics in AAD in the 
pediatric population were reported in a sys-
tematic review of 16 studies. A systematic 
review and meta-analysis of 31 randomized 
controlled trials studying the prevention of 
CDI by probiotics in all age groups and a large 
systematic review and meta-analysis of 82 
randomized controlled trials studying the evi-
dence for probiotics in the prevention and 
treatment of AAD in all age groups also 
reported benefit [56–58]. A large multicenter 
double-blind randomized controlled trial, 
known as the PLACIDE trial, in approximately 
3,000 patients exposed to antibiotics random-
ized subjects to a multi-strain preparation of 
Lactobacilli and Bifidobacteria or placebo to 
assess the occurrence of ADD and CDI [59]. 
Findings did not support the use of probiotics 
in the prevention of ADD or CDI [59]. While 
this study failed to support the use of this pro-
biotic combination, a recent systematic review 
with meta-regression analysis of 19 studies 
reintroduced the potential benefit of probiotics 
in this clinical setting [60]. The study found 
that the administration of probiotics closer to 
the first dose of antibiotics reduces the risk of 
CDI by more than 50% in hospitalized adults 
and found that the PLACIDE trial may not 
have been adequately powered to demonstrate 
benefit [60]. Although heterogeneity in probi-
otic dose and species was acknowledged, 
pooled estimates did not demonstrate signifi-
cant statistical heterogeneity [60].

Although one systematic review was unable 
to draw conclusions about the potential benefit 
of probiotics in patients with hepatic encepha-
lopathy (HE) due to the high risk of bias and 
high risk of random errors among the existing 
trials, there are some data supporting their use in 
this setting [61]. In one small unblinded random-
ized controlled trial of nonalcoholic cirrhotic 
patients with minimal hepatic encephalopathy 
(MHE), probiotic yogurt supplementation dem-
onstrated MHE reversal [62]. A randomized con-
trolled trial comparing probiotics, lactulose, and 
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placebo for overt HE concluded that probiotics 
and lactulose reduced HE re-admission rates 
[63]. These findings were supported by a double-
blind, randomized, controlled trial that also 
noted reduced hospitalizations for HE, in addi-
tion to improved Child-Turcotte-Pugh scores 
and model for end- stage liver disease scores 
[64]. Two low-quality randomized controlled tri-
als that studied the role of probiotics in NAFLD 
showed some reduction of hepatic steatosis, but 
studies were limited by lack of assessment of 
clinical outcomes [34].

Studies regarding the association between 
the gut microbiome and CRC have primarily 
been conducted in in vitro models [65]. Studies 
have demonstrated that there is increased micro-
bial diversity and reduced temporal stability in 
the fecal microbiota as well as overexpression 
of certain strains in subjects with colonic pol-
yposis syndromes and CRC [63]. The interac-
tion of the diet with the gut microbiome and the 
resulting byproducts of metabolism by gut 
microbes may also play a role in the develop-
ment of CRC [63]. The limited number of clini-
cal studies of probiotics and CRC vary in design 
and methodology. One prospective study sug-
gested that the intake of probiotics in the form 
of yogurt was associated with a decreased risk 
of CRC [66]. There are insufficient data from 
other clinical studies to draw conclusive recom-
mendations [12]. Table  11.1 summarizes 
whether existing data supports, refutes, or sug-

gests a possible therapeutic role for probiotics 
in the aforementioned digestive diseases.

 Safety Profile

The majority of clinical trials have found probi-
otic use to be safe with a low risk of significant 
adverse events [67]. There have been reports of 
bacterial sepsis (specifically associated with pro-
biotics containing lactobacilli), pancreatitis, and 
death from gastrointestinal mucormycosis in a 
preterm infant (although the latter was associ-
ated with mold contamination of the supple-
ment) [66]. Cases of bacteremia have typically 
been reported in patients with underlying immu-
nosuppression or disruption in the integrity of 
the gastrointestinal tract [34, 66]. Nonetheless, 
serious adverse events have been reported rarely, 
and probiotics have been generally deemed as 
safe [26].

 Dietary Supplements

Dietary supplements are defined as over-the- 
counter products taken orally (as pills, capsules, 
tablets, powders, or liquids) that contain dietary 
ingredients such as vitamins, minerals, amino 
acids, herbs, botanicals, or other substances 
whose use, often to supplement diet, does not 
require medical or physician supervision [68, 
69]. According to data collected from the 
National Health and Nutrition Examination 
Survey in 2011, 52% of US adults reported the 
use of supplements due to their perceived medici-
nal and health benefits [70, 71]. Consumers use 
dietary supplements to address ailments and to 
maintain and improve overall health [72]. The 
true impact of dietary supplements on disease 
prevention and health promotion has been limited 
by the inability to isolate supplement use from 
health-seeking behaviors, the difficulty of assess-
ing the impact of a supplement over a short dura-
tion of use, and variability in supplement 
composition due to lack of standardization and 
government oversight [72].

Table 11.1 The role of probiotics in specific digestive 
diseases

Digestive condition Role of probiotics
Traveler’s diarrhea None
IBD None
Microscopic colitis None
Clearance of Giardia cysts Possible
SIBO Possible
Diverticular disease Possible
Antibiotic-associated diarrhea Possible
C. difficile Possible
Hepatic encephalopathy Possible
NAFLD Possible
CRC Possible
IBS Possible
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 Dietary Supplement Regulation

The Bureau of Chemistry was the first US federal 
agency to attempt to regulate dietary supplements 
through the Federal Food and Drugs Act of 1906, 
which required transparent labeling [73, 74]. 
With the emergence of vitamins as dietary 
 supplements in the 1920s, the concern over their 
indiscriminate use prompted further regulation 
by the Bureau of Chemistry. Several subsequent 
efforts to tighten the regulation of dietary supple-
ments were made by the successor to the Bureau 
of Chemistry, the US Food and Drug 
Administration (FDA), from 1938 to 1960 [74].

After 38 people died and 1,500 others were 
sickened by the consumption of L-tryptophan, 
the FDA began to more aggressively regulate 
dietary supplements [75]. The Dietary 
Supplement Health and Education Act of 1994 
(DSHEA) was passed by Congress with the 
intention of balancing consumer access and prod-
uct safety [73, 76, 77]. Unlike pharmaceutical 
drugs, which require proof of safety and efficacy 
prior to approval by the FDA, dietary supple-
ments may be marketed to consumers if the man-
ufacturer determines that the product is generally 
recognized as safe [74, 75]. The safety of dietary 
supplements is subsequently monitored through 
post-market surveillance for serious adverse 
events resulting in hospitalization, disability, or 
death which must be reported to the FDA [78, 
79]. Additional avenues for product recall include 
spot inspection of manufacturer facilities by the 
FDA, reports by physicians or consumers of 
adverse events, and tips from retailers of poten-
tially adulterated products [80]. Still, lack of for-
mal assessments, scientific research, and 
government oversight has led to variable compo-
sition of supplements and lack of adequate objec-
tive data to support or refute their use.

 The Role of Dietary Supplements 
in Gastrointestinal Disease

Many dietary supplements have been proposed as 
potential treatments for gastrointestinal illnesses. 
Studies regarding the use of supplements for gas-

trointestinal health in people who prefer non- 
pharmaceutical therapy have been published with 
mixed evidence of benefit. Table  11.2 summa-
rizes the proposed gastrointestinal effects of 
dietary supplements, excluding weight loss sup-
plements and medical foods.

 Peppermint

Peppermint oil, composed of menthol and men-
thone, is derived from the plant Mentha x piperita 
L. [81]. The proposed benefit of peppermint oil in 
gastrointestinal conditions, such as IBS, func-
tional dyspepsia, gastroduodenal dysmotility, and 
spasm during endoscopy, has been attributed to its 
antispasmodic effects on gastrointestinal smooth 
muscle. A meta-analysis of five double- blind, ran-
domized controlled trials suggested statistically 
significant global improvement of IBS symptoms 
in patients treated with peppermint oil compared 
to placebo, although strong limitations were noted 
due to the variability of parameters across studies 
[82]. A later double-blind randomized controlled 
trial of 110 patients evaluating the efficacy of 
enteric-coated peppermint oil as a treatment in 
IBS concluded that patients receiving the pepper-
mint oil experienced improvement in IBS symp-
toms compared to those on placebo, although this 
study included patients whose IBS diagnosis was 
not based on established criteria [83]. A double-
blind randomized trial of 74 patients similarly 
concluded that peppermint oil transiently 
improved abdominal pain but only in patients 
with diarrhea-predominant IBS [84]. In a limited 
meta-analysis of over 1,000 treated IBS patients, 
peppermint oil was found to alleviate abdominal 
pain, abdominal distention, bowel frequency, bor-
borygmi, and flatulence [85]. In another meta-
analysis, four studies of 392 patients with IBS 
(diagnosed according to established Rome crite-
ria) comparing peppermint oil versus placebo 
found improvement of symptoms with no statisti-
cally significant heterogeneity. The authors con-
cluded that the number needed to treat to prevent 
one patient from having persistent symptoms was 
2.5 [86]. A later meta-analysis evaluated nine 
studies that included 726 patients; results demon-
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strated evidence for global improvement in IBS 
symptoms, with improvement in abdominal pain 
being most significant [87].

Peppermint has been evaluated for other gas-
trointestinal conditions, including functional 
dyspepsia, postoperative nausea, gastroduode-
nal motility disorders, and gastrointestinal 
spasm during endoscopic procedures [88–95]. 
A double- blind randomized controlled trial of 
97 patients determined that peppermint oil 
decreased the intensity of abdominal pain and 
offered global improvement in symptoms of 
functional dyspepsia [88]. A double-blind ran-
domized controlled trial of 100 patients under-
going upper endoscopy who received 
intramuscular hyoscyamine or intraluminal 
peppermint oil demonstrated that peppermint 
oil exhibited greater antispasmodic properties 
as evidenced by more dramatic opening of the 
pyloric ring, smaller contraction ratios, and dis-
appearance of the contraction ring in the gastric 
antrum [91]. Peppermint oil demonstrated simi-
lar antispasmodic properties in the duodenum 
as observed by reduction of duodenal motility 
in 39 patients undergoing ERCP who received 
peppermint oil in a prospective fashion [92]. 
The use of peppermint oil, however, is limited 
in patients with GERD as it may exacerbate 
esophageal reflux and heartburn, although 
reflux may be minimized with the use of enteric 
coated capsules [83].

 Ginger

Ginger, also known as Zingiber officinale, is used 
commonly in Asian countries as a complementary 
treatment for a wide array of medical problems 
including dental, rheumatological, respiratory, 
and gastrointestinal illness [96]. The use of ginger 
in gastrointestinal health has been studied primar-
ily in nausea and vomiting. It has also been 
assessed in the management of nonalcoholic fatty 
liver disease (NAFLD), dysphagia, gastrointesti-
nal malignancies, IBS, and other functional disor-
ders with less conclusive findings [96].

Ginger has demonstrated therapeutic benefits 
in nausea and vomiting of pregnancy, postopera-

tive nausea and vomiting, motion sickness, and 
nausea and vomiting of chemotherapy. In a sys-
tematic review of six double-blind randomized 
controlled trials of patients receiving ginger as a 
monotherapy compared to placebo for nausea 
and vomiting, five out of six studies found that 
ginger alleviated nausea [97, 98]. In a more 
recent systematic review and meta-analysis, 12 
randomized controlled trials were included in the 
analysis, and the authors concluded that ginger 
was effective for the alleviation of nausea though 
there was less evidence for reduction in the num-
ber of episodes of emesis [99]. Another meta- 
analysis of six studies including 256 patients 
concluded that ginger was better than placebo in 
improving nausea and vomiting of pregnancy 
[100]. When ginger was compared to other anti-
emetics given in pregnancy, it had similar effi-
cacy to vitamin B6 and metoclopramide. [99].

A randomized controlled trial of 41 patients 
with leukemia suffering from chemotherapy- 
induced nausea showed that ginger was more 
effective in alleviating symptoms than placebo, 
although no p-value was reported [97, 101]. The 
largest double-blind multicenter trial of 576 can-
cer patients receiving either placebo or different 
concentrations of ginger in addition to a 5-HT3 
receptor antagonist antiemetic revealed that gin-
ger supplementation significantly reduced 
chemotherapy- induced nausea [102]. Later stud-
ies demonstrated conflicting results regarding the 
efficacy of ginger in the management of this con-
dition. [103].

Studies regarding the use of ginger to treat 
postoperative nausea have yielded mixed results. 
Although some studies found ginger comparable 
in efficacy to metoclopramide, others have found 
ginger is no more effective than placebo and 
ineffective as a single agent or in combination 
with diazepam [97, 104–108]. Similar findings 
have been reported when used intraoperatively 
[96, 109–113].

Ginger has also been studied in NAFLD, dys-
phagia, H. pylori, and gastrointestinal malig-
nancy in limited studies [96]. In a double-blind, 
randomized controlled trial of 44 patients with 
NAFLD, ginger demonstrated reduction in 
hepatic steatosis score, which is an estimate of 
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hepatic liver accumulation as determined by 
ultrasound elastography, compared to placebo, 
although the results were not verified by histol-
ogy [114]. A small, limited study demonstrated 
lack of aspiration and improvement in the swal-
lowing function score in patients above age 63 
with dysphagia after using ginger [115]. Ginger 
may also be bactericidal against H. pylori accord-
ing to preclinical investigation [116]. Preclinical 
investigation in in vivo and in vitro gastrointesti-
nal cancer models (hepatocellular, gastric, colon, 
and gallbladder) has yielded multiple mecha-
nisms by which ginger may have potential 
chemo-preventative and chemotherapeutic bene-
fits [117]. There is some limited data to suggest 
that ginger may provide some benefit in patients 
at increased risk of colorectal cancer (CRC) 
through the reduction in prostaglandin E2 and 
5-hydroxyeicosatetraenoic acid, both of which 
have been implicated in the development of CRC 
and the proliferation of CRC cells [118].

Although the efficacy of ginger has not been 
well-proven in functional disorders such as IBS, 
functional diarrhea, functional constipation, and 
functional dyspepsia, it remains one of the most 
frequently used complementary medicines for 
these conditions [119, 120]. In a double-blind 
randomized controlled trial of 45 patients with 
IBS, ginger was well-tolerated but not more 
effective than the placebo in alleviating IBS 
symptoms [121]. Although one small pilot study 
of patients with functional dyspepsia demon-
strated improvement in symptoms with the use of 
ginger, other studies have demonstrated improved 
gastric emptying and antral contractions without 
associated symptom improvement [122–125]. 
Additional, larger-scale, well-designed trials will 
be necessary to elicit the true effect of ginger on 
these digestive conditions.

 Herbal Combinations (STW 5, 
Iberogast®)

STW 5, also known as the commercial prepara-
tion, Iberogast®, is an herbal formulation com-
posed of nine medicinal herbs, including Iberis 
amara, Melissa officinalis, Matricaria recutita, 

Carum carvi, Mentha piperita, Angelica archan-
gelica, Silybum marianum, Chelidonium majus, 
and Glycyrrhiza glabra [126]. Its use has been 
studied in patients with functional dyspepsia and 
IBS.  In a prospective double-blind, placebo- 
controlled study of 243 patients with functional 
dyspepsia, STW 5 was found to be effective in 
improving symptoms [127]. A larger study of 
more than 300 patients, including those with 
functional dyspepsia as defined by Rome II crite-
ria, found that treatment with STW 5 over an 
8-week period resulted in immediate and sus-
tained symptom improvement [128, 129]. SWT 5 
was comparable to the prokinetic drug cisapride 
in patients with functional dyspepsia of the dys-
motility subtype with symptoms of bloating, 
abdominal fullness, nausea, vomiting, belching, 
and early satiety [130, 131].

Studies in IBS have been equally positive. In 
one observational study of over 2,500 patients 
with IBS, treatment with STW 5 resulted in sig-
nificant improvement in symptoms as determined 
by both physician and patient assessment [127]. 
Similar results were reported in a study of more 
than 900 pediatric patients with functional gas-
trointestinal disorders, including IBS, who were 
treated with STW 5 [132].

In a double-blind randomized controlled trial, 
the effect of SWT 5 was compared to that of pla-
cebo on gastric volume, antropyloroduodenal 
motility, gastric emptying, and intragastric distri-
bution of a solid/liquid meal [133]. SWT 5 was 
found to increase gastric volume, increase the 
motility index of antral pressure waves, and 
increase retention of liquid, suggesting that it 
affects gastric motility [66]. Other potential 
mechanisms for the gastrointestinal effects of 
STW 5 include the alleviation of gastrointestinal 
hypersensitivity, inhibition of inflammation, sup-
pression of gastric hypersecretion, modulation of 
the microbiota, and binding of 5-HT3, 5-HT4, 
muscarinic M3, and opioid receptors [134, 135]. 
STW 5 has been shown to reduce oxidative stress, 
protect against irritant-induced inflammation, 
and provide stimulatory and protective effects on 
mucosal integrity and secretion [135]. It there-
fore may have a role in treating a variety of func-
tional disorders in the upper and lower GI tracts.
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 Licorice

Licorice, also known as Glycyrrhiza spp., has 
been used as a laxative, demulcent, and anti- 
inflammatory agent in Ayurvedic medicine 
 practices singly and as a component of 
Iberogast® [136]. There are very few random-
ized controlled trials that have been conducted to 
support the use of licorice alone in the treatment 
of gastrointestinal disease; its use has primarily 
been studied in in vitro and in vivo models. One 
randomized placebo-controlled trial of 38 
patients with gastric ulcers who were treated 
with licorice refuted the previously reported 
healing effect of licorice on ulcers [137, 138]. 
Another randomized controlled trial studying 
Glycyrrhiza glabra in combination with 
Lactobacillus paracasei in H. pylori gastritis 
demonstrated that the combination of agents 
decreased H. pylori density and improved histo-
logic inflammation when compared with placebo 
[139]. In vivo and in vitro studies suggest that 
different species of Glycyrrhiza possess anti-
viral activity, influence gut bacteria, have spas-
mogenic and spasmolytic effects, and exhibit 
gastroprotective and anti- inflammatory proper-
ties [68, 140–144]. In a murine model, diammo-
nium glycyrrhizinate, a component of licorice 
root extract, reduced body weight, hepatic ste-
atosis, and hepatic inflammation in mice with 
high-fat diet-induced NAFLD, possibly medi-
ated by modulation of gut microbiota and resto-
ration of the intestinal barrier [145].

 Curcumin

Curcumin is a constituent of the herb Curcuma 
Longa, commonly known as turmeric [146]. Its 
anti-inflammatory and anti-neoplastic properties 
have supported the investigation of its therapeutic 
potential in various gastrointestinal disorders 
IBD, NAFLD, CRC, cirrhosis, and H. pylori. A 
meta-analysis of five clinical trials proposed that 
curcumin may be beneficial in IBS; however, 
only three studies demonstrated positive and sta-
tistically significant effects [147]. In vivo and 
in  vitro models have been useful in identifying 

the effects of curcumin that may be beneficial in 
gastrointestinal disease, including reduction of 
inflammation and tumorigenesis by suppression 
of nuclear factor kappa B (NF-ĸB), resulting in a 
secondary suppression of cyclooxygenase-2 
(COX-2) and inducible nitric oxide synthase 
(iNOS) [146]. In vivo and in vitro studies have 
also confirmed the role of curcumin in protecting 
against intestinal permeability and as an antibac-
terial, antifungal, and antiparasitic agent against 
gastrointestinal infections such as H. pylori, 
Candida, Giardia, E. coli, and Toxoplasma gon-
dii [148–150]. Other in vivo and in vitro studies 
suggest that curcumin can protect normal tissue 
from chemotherapy-induced toxicity by clearing 
intracellular radical oxygen species [151].

Because curcumin has been hypothesized to 
suppress NF-ĸB and other inflammatory cyto-
kines, it has been studied as a potential IBD ther-
apy [152]. In a small pilot study, all five patients 
with UC treated with curcumin demonstrated 
improvement hematologically, biochemically, 
and endoscopically although these patients were 
on concomitant standard maintenance therapy 
[146, 153]. Four out of five patients with Crohn’s 
disease (CD) showed improvement in Crohn’s 
disease activity index (CDAI) score [153]. In a 
multicenter double-blind randomized controlled 
trial of 89 UC patients, curcumin was studied in 
comparison to placebo, given in combination 
with either sulfasalazine or mesalamine [154]. 
Of the final 43 patients in the curcumin group, 
two patients demonstrated relapse at 6 months 
versus eight out of 39 patients in the placebo 
group [154]. Curcumin also improved the clini-
cal activity index and endoscopic index in 
patients with UC [154]. A recent review of three 
randomized placebo-controlled trials totaling 
169 patients with mild-to-moderate UC found a 
trend toward the benefit in maintaining clinical 
remission with the addition of curcumin to stan-
dard maintenance therapy, although the results 
were not statistically significant [37]. Other 
meta-analyses and systematic reviews demon-
strated conflicting results regarding the use of 
curcumin as adjunctive therapy in the induction 
and/or maintenance of remission in patients with 
mild-to-moderate UC [155, 156]. As a result, 
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support for the use of curcumin for induction or 
maintenance of remission in UC is currently not 
recommended as only low- quality evidence 
exists [37]. The role of curcumin in CD has been 
less frequently studied. In one double- blind ran-
domized controlled trial of 62 patients with CD 
who underwent surgery and received postopera-
tive thiopurine treatment, patients additionally 
treated with curcumin experienced more severe 
recurrence compared to those treated with pla-
cebo; quality of life scores did not differ between 
the two groups [157].

Curcumin is hypothesized to play a beneficial 
role in the prevention of carcinogenesis and 
tumor initiation as well as the reduction of tumor 
proliferation and progression [158]. One clinical 
trial of 15 patients with CRC treated with cur-
cumin demonstrated a decrease in prostaglandin 
E2, which has been found to enhance the growth 
of human CRC cells [146]. While earlier studies 
in patients with familial adenomatous polyposis 
(FAP) treated with a combination of curcumin 
and quercetin showed regression in both number 
and size of polyps, a recent double-blind random-
ized controlled trial of 44 patients with FAP 
treated with curcumin did not demonstrate ade-
noma regression indicating an overall effect on 
polyposis is still unknown [159, 160].

A meta-analysis of four randomized con-
trolled trials comprised of 228 patients with 
NAFLD treated with curcumin found significant 
reductions in transaminase elevations though 
effects on liver histology were not studied [161]. 
Curcumin may also have antifibrotic and hepato-
protective properties, suggesting that it may be 
beneficial in patients with cirrhosis [146, 162]. 
Indeed, one study showed improved quality of 
life in cirrhotic patients treated with curcumin as 
compared with placebo [163].

 Chamomile

Understanding the benefits unique to chamo-
mile, a member of the Asteraceae family, has 
been limited by its frequent use in combination 
with other supplements [164]. Potential anti-

diarrheal and hepatoprotective properties of 
chamomile have been inferred from observations 
in murine models [162]. Chamomile has been 
studied as a component of Iberogast® (vide 
supra) and Gastritol® Liquid (which is com-
posed of chamomile, silverweed, licorice, angel-
ica, blessed thistle, and wormwood) and in 
combination with myrrh and coffee charcoal 
[165–167]. A non-interventional open-label 
study of Gastritol® Liquid determined that this 
formulation may be effective in the treatment of 
mild gastrointestinal disorders [167]. The com-
bination of chamomile, myrrh, and coffee char-
coal has been proposed to have anti-inflammatory 
properties, possibly by influencing the activity of 
macrophages in the setting of intestinal inflam-
mation [168]. In a post- marketing open-label 
observational study, this formulation was 
reported to be effective in treating diarrhea sec-
ondary to acute inflammatory disorders, IBD, or 
IBS [169]. The same formulation was studied 
against mesalamine in a double- blind random-
ized controlled trial of 96 patients with inactive 
UC [170]. The aforementioned formulation was 
non-inferior to mesalamine with regard to 
relapse rates, relapse-free time intervals, endos-
copy findings, and fecal biomarkers, though 
these results could not be attributed to chamo-
mile alone [170].

 Glutamine

Glutamine is a non-essential amino acid that has 
been postulated to be crucial to metabolism in a 
catabolic state [171, 172]. It is utilized as a sub-
strate in hepatic gluconeogenesis and as an 
important source of energy by small intestinal 
enterocytes [169, 170]. Other functions of gluta-
mine include decreased gut mucosal atrophy in 
animals fed with parenteral nutrition, decreased 
intestinal permeability, decreased mucosal dam-
age in animals subjected to gram-negative sepsis, 
preservation of glutathione concentrations in ani-
mals whose intestinal tracts were subject to isch-
emia and reperfusion, improvement in mucosal 
and plasma glutathione concentrations, protec-
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tion against bacterial translocation from the gut 
with parenteral nutrition, and mediation of intes-
tinal adaptation in animals with short bowel syn-
drome [169, 170, 173]. Glutamine 
supplementation was found to improve absorp-
tion of protein and reduce parenteral nutrition 
requirements in parenteral nutrition-dependent 
patients with short bowel syndrome although 
most studies have demonstrated no significant 
effect, deterring its use as standard of care [174]. 
It is also important to note that glutamine has 
been studied in combination with other interven-
tions (such as growth hormone supplementation 
and a high carbohydrate, low-fat diet) that may 
have contributed to the observed effects of weight 
gain and favorable changes to body composition; 
however, these benefits are not sustained, and 
absorption is generally not improved.

Glutamine has been studied in chemotherapy 
and radiation-induced gastrointestinal disease and 
in IBD. Animal studies have demonstrated a pro-
tective effect of glutamine from radiation and 
chemotherapy-induced gastrointestinal mucosal 
injury, although results from human trials are 
inconclusive [175, 176]. One double-blind ran-
domized controlled trial of 69 patients with pelvic 
or abdominal solid tumors failed to demonstrate a 
protective benefit from glutamine in patients 
receiving radiation therapy; in fact, more patients 
developed enteritis with glutamine than those 
given placebo [177]. Its use in CD is therefore 
controversial. While some studies indicated no 
improvement in CDAI and intestinal permeability 
in patients with CD supplemented with gluta-
mine, other studies revealed that it may be benefi-
cial in small bowel CD via mucosal regeneration 
and immune enhancement [178, 179]. Some data 
suggest that glutamine may worsen colonic injury 
in CD involving the colon [176].

Glutamine has had limited study in 
IBS.  Glutamine may function in this patient 
population by reducing intestinal hyperperme-
ability and decreasing visceral hypersensitivity 
[180, 181]. One double-blind randomized con-
trolled trial in patients with diarrhea-predomi-
nant IBS, although underpowered, 
demonstrated improvement in bowel move-
ment frequency [182, 183].

 Weight Loss Supplements

 Garcinia

Hydroxycitric acid is the main active component 
of the tropical fruit Garcinia cambogia, which is 
used in commercial weight loss products [184]. 
In vivo and in vitro studies show that it competi-
tively inhibits citrate cleavage enzyme, sup-
presses de novo fatty acid synthesis, increases the 
rate of hepatic glycogen synthesis, suppresses 
food intake, and decreases weight gain [182]. 
Although initial studies and unpublished data in 
humans yielded positive results, a double-blind 
randomized controlled trial of 135 patients, as 
well as other smaller randomized controlled tri-
als, demonstrated that Garcinia did not produce 
weight loss or fat mobilization beyond that of 
placebo [182, 185]. Other studies suggest that 
Garcinia decreases gastric acidity and has gastro-
protective, anti-diarrheal, and antispasmodic 
properties [186–188]. The clinical use of 
Garcinia cambogia, however, has been limited 
by multiple reports of hepatic injury, including 
hepatitis and acute liver failure [189–192].

 Chitosan

Chitosan is a deacetylated polymer derived from 
the polysaccharide chitin found in the exoskele-
ton of crustaceans [193]. It has been proposed to 
aid in weight loss and in the lowering of blood 
lipids, glucose, and blood pressure [194]. 
Multiple clinical studies have been published to 
date regarding the effects of chitosan on weight 
loss and cholesterol levels, albeit with conflicting 
results [194]. An early systematic review of clini-
cal trials studying the benefits of chitosan in 
overweight and obese patients included 14 poten-
tial randomized controlled studies [194]. The 
authors concluded that participants taking chito-
san demonstrated limited weight loss and 
decrease in total cholesterol levels compared to 
those taking placebo, although the validity of 
their conclusions is limited by the exclusion of 
potentially informative trials and other method-
ological concerns [194]. A recent meta-analysis 
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of 14 randomized controlled trials concluded that 
compared to patients taking placebo, patients tak-
ing oral chitosan achieved greater weight loss, 
better control of blood pressure and lower total 
cholesterol, low- density lipoprotein (LDL) cho-
lesterol, triglycerides, along with an increase in 
high-density lipoprotein cholesterol [194]. The 
analysis was limited by the inclusion of studies 
which were of limited size and duration and stud-
ies in which chitosan was administered in addi-
tion to other active substances [194]. Given the 
therapeutic potential of chitosan in obesity and 
secondary cardiovascular processes, it may also 
be potentially beneficial in NAFLD as suggested 
by in vivo studies, though this needs to be further 
studied [195].

 Glucomannan

Glucomannan is a fermentable fiber gel poly-
saccharide derived from the Amorphophallus 
konjac plant [196]. It has been studied as a 
possible therapeutic intervention for obesity, 
functional gastrointestinal disorders, and con-
stipation. In one systematic review and meta-
analysis of 14 studies, although limited by the 
inclusion of crossover and parallel studies and 
possible publication bias, glucomannan dem-
onstrated benefits in reducing total choles-
terol, LDL cholesterol, triglycerides, body 
weight, and fasting blood glucose levels [197]. 
Short-term studies demonstrate that gluco-
mannan is well tolerated with mild adverse 
gastrointestinal effects, although reports of 
esophageal obstruction secondary to swelling 
of glucomannan tablets have been published 
[195, 198]. Two later studies failed to demon-
strate statistically significant weight loss with 
glucomannan [196, 199]. In randomized con-
trolled trials conducted in children, glucoman-
nan was not effective in treating obesity or 
functional gastrointestinal disorders, although 
some data support glucomannan as a therapeu-
tic intervention for constipation in children 
[194, 200–203]. Overall, like other weight 
loss supplements, data is lacking to support 
routine use.

 Green Tea Extract

Green tea extracts (GTE) are concentrated forms 
of green tea made from the plant, Camellia 
sinensis [204]. The major active compounds of 
this plant, known as catechins, include epicate-
chin (EC), epicatechin gallate (ECG), epigallo-
catechin (EGC), and epigallocatechin-3-gallate 
(EGCG) [205]. EGCG is the most abundant cat-
echin, and, in combination with caffeine, it is 
believed to be responsible for the pharmaco-
logic activity of GTE [202, 203]. In one system-
atic review of 18 randomized controlled trials, 
meta- analysis of six studies revealed that GTE 
produced a small, statistically non-significant 
effect on weight loss, body mass index, and 
waist circumference [202]. A double-blind ran-
domized controlled trial conducted in 102 
women with central obesity designed to exam-
ine the efficacy and safety of high-dose EGCG 
revealed significant weight loss, reduction in 
waist circumference, and decrease in total cho-
lesterol and LDL levels [206]. However, the 
results were not superior to placebo, and the 
dose of EGCG administered was in the poten-
tially toxic range [207]. Another randomized 
controlled trial suggested that GTE may pro-
mote maintenance of body weight after inten-
tional weight loss [208]. In vitro and in  vivo 
studies suggest that GTE may also play a role in 
the reduction of steatosis in patients with 
NAFLD by modifying lipid metabolism and 
improving insulin sensitivity [203].

Adverse events reported with the use of GTE 
include the following: hepatotoxicity; gastroin-
testinal, central nervous system, and cardiovascu-
lar effects; renal tubular necrosis; nasal and 
olfactory toxicity; and thyroid dysfunction [202, 
209]. Hepatotoxicity has been widely reported 
with liver damage ranging from acute hepatitis to 
fulminant hepatic failure requiring liver trans-
plantation [210–212].

 Medical Foods

Medical foods, as defined in the Orphan Drug 
Act, are foods formulated to be consumed or 
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administered enterally under the supervision of 
a physician, intended for the dietary manage-
ment of a disease or condition for which dis-
tinctive nutritional requirements, based on 
recognized scientific principles, are established 
by medical evaluation [213]. Medical foods are 
formulated in a manner whereby they cannot 
be purchased over the counter or obtained by 
modification of a normal diet; they cannot be 
used for a condition that can be managed with 
adjustment of a normal diet [214]. Unlike 
dietary supplements, medical foods require 
clinical trials to substantiate their use and must 
be recognized as safe by expert panel review 
(though they do not require proof of safety 
through clinical phase trials as do FDA- 
approved drugs) [67]. Medical foods currently 
available for gastrointestinal disorders include 
EnteraGam, Modulen IBD, Vivonex, and 
VSL#3 [67].

EnteraGam is a combination of serum-derived 
bovine immunoglobulin/protein isolate (SBI) 
from edible plasma, dextrose, and trace amounts 
of sunflower lecithin [67]. This formulation func-
tions by maintaining the integrity of the micro-
biologic, physical (via tight junctions), and 
immune barriers of the gastrointestinal system 
[67]. It is intended for the management of chronic 
diarrhea and loose stools but has been studied in 
IBS-D, HIV-associated enteropathy, and IBD 
[67]. Results from retrospective case studies and 
a double-blind randomized controlled trial of 66 
patients with IBS-D demonstrated improvement 
in symptoms in patients treated with SBI [67]. An 
open-label study and a follow-up multicenter 
randomized controlled trial of 103 patients with 
HIV-associated enteropathy found that SBI led to 
improvement in symptoms and quality of life and 
increased CD4+ counts in the duodenum [67]. 
Retrospective case series of patients with UC and 
CD have demonstrated that addition of 
EnteraGam to standard therapies has led to clini-
cal improvement in patients with refractory dis-
ease with evidence of mucosal healing in two 
case studies [67]. Adverse events that have been 
reported have been mild [67].

Modulen IBD is a powdered, whole-pro-
tein, calorie-dense formula, rich in TGF beta, 

used singly in patients with active CD and as 
a supplementary formula in CD patients in 
remission [67]. In two studies of pediatric 
patients with CD, Modulen IBD was found to 
induce mucosal healing and clinical improve-
ment; additionally, decreased proinflamma-
tory markers and increased anti-inflammatory 
markers were noted as well as changes in the 
fecal microbiome [67]. In a recent study 
comparing exclusive enteral nutrition to par-
tial enteral nutrition combined with a whole-
food diet in 74 children with mild to moderate 
CD, Modulen was utilized to assess the 
effects of dietary components on the microbi-
ome, intestinal barrier, and intestinal immu-
nity in pediatric CD patients [215]. Although 
both diets were associated with higher and 
comparable rates of clinical remission and 
decreased inflammation, subjects who 
received a combined whole-food diet and 
partial enteral nutrition with Modulen dem-
onstrated sustained remission in higher pro-
portions [215]. The only potential adverse 
effect associated with Modulen IBD is milk 
allergy [67].

Vivonex is an elemental formula of free 
amino acids with low levels of fat that has been 
studied in the management of CD, gastrointes-
tinal dysfunction in burn victims, bile acid-
induced diarrhea, and pancreatic insufficiency 
[67]. Although several small historic studies 
suggest that Vivonex may induce remission in 
patients with CD at similar rate as corticoste-
roids, when analyzed in comparison with other 
enteral formulas, Vivonex did not demonstrate 
similar or superior efficacy to corticosteroid 
therapy in inducing remission of active CD [67, 
216]. In animal models of burn victims, Vivonex 
was not effective in altering intestinal motility 
[67]. However, other clinical studies suggest 
that Vivonex may decrease length of stay, rate 
of sepsis, hepatic steatosis, and organomegaly 
in burn victims, although no decrease in overall 
mortality rate was seen [67]. The high cost of 
elemental formulas is a barrier to their wide-
spread use as polymeric formulas have demon-
strated equal efficacy and are available at lesser 
expense.
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 Conclusion

Prebiotics, probiotics, and dietary supplements 
are widely consumed products despite the 
absence of federal regulation and consistent, 
compelling evidence of benefit. Some of these 
products have shown promising benefits in cer-
tain digestive disorders, and the role of these 
products continues to evolve with additional data 
from ongoing clinical trials. Further high-quality 
studies and thoughtful federal regulation may 
allow for a broader understanding of the potential 
role of prebiotics, probiotics, and dietary supple-
ments in a spectrum of digestive diseases.
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 Epidemiology of Obesity

The global obesity pandemic is among the most 
significant public health crises today. The 
national prevalence of obesity in the United 
States is greater than 40%, and rates have con-
tinued to increase in all ages and both sexes, 
independent of geography, ethnicity, or socio-
economic status (SES) [1–3]. The prevalence of 
obesity is varied, with women of limited educa-
tion (less than a high school level education) 
and lower incomes in Western countries having 
the greatest risk [4]. Similarly, obesity dispro-

portionately affects certain racial and ethnic 
groups more than others. In the United States, 
non-Hispanic blacks have the highest age-
adjusted rates of obesity (49.5%), compared 
with Hispanics (39.1%), and non- Hispanic 
whites (34.3%) [1]. Within the pediatric popula-
tion, the prevalence of obesity in the United 
States has also increased. Approximately 18% 
of children and adolescents are obese [1]. Given 
its broad prevalence, it is not surprising that 
obesity has a large impact on total health- care 
expenditure. In the United States, it has been 
estimated that the annual medical cost of obe-
sity is $149.4 billion annually, with the medical 
cost for people who have obesity being $1429 
higher than those of normal weight [1, 5].

Many of the leading causes of preventable 
death among adults are obesity-related comor-
bidities; most notably, these include type 2 diabe-
tes, coronary heart disease, chronic renal disease, 
and some types of cancer (e.g., endometrial, 
breast, and colon) [1, 6, 7]. Moreover, it is well 
established that obesity is associated with an 
increase in all-cause mortality independent of 
age, race, and sex [8]. The psychosocial compli-
cations of obesity are also significant. Adults 
with obesity are more likely to face discrimina-
tion at work, and studies show that they have 
higher rates of depression and anxiety [9]. 
However, a causal relationship between obesity 
and mental illness remains unclear, and further 
study in this area is needed.
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 Diagnosis of Obesity

 Body Mass Index (BMI)

According to the Obesity Medicine Association 
(OMA), obesity is defined as a “chronic, relaps-
ing, multi-factorial, neurobehavioral disease, 
wherein an increase in body fat promotes adipose 
tissue dysfunction and abnormal fat mass physi-
cal forces, resulting in adverse metabolic, biome-
chanical, and psychosocial health consequences” 
[10]. In the clinical setting, obesity has been most 
commonly characterized by use of body mass 
index (BMI), calculated as weight in kilograms 
divided by height squared in meters. According 
to the National Institutes of Health (NIH) and 
WHO, obesity for white, black, and Hispanic 
individuals is defined as a BMI ≥30 kg/m2 [11, 
12]. This classification is based on the greater 
risk of mortality associated with a BMI of 30 kg/
m2 or higher [8, 11, 12]. Overweight is classified 
as a BMI between 25.0 and 29.9 kg/m2, normal 
weight between 18.5 and 24.9 kg/m2, and under-
weight below 18.5 kg/m2. The degree of obesity 
can be further subcategorized into class 1 (BMI 
of 30 to <35 kg/m2), class 2 (BMI of 35 to <40 kg/
m2), and class 3 (BMI ≥ 40 kg/m2).

The chief advantage of BMI is that it serves as 
an easily calculated, reliable, and noninvasive 
surrogate measure of fat mass. Furthermore, mul-
tiple epidemiological studies have established its 
association with morbidity and mortality [8, 13]. 
However, BMI also has a number of important 
limitations in diagnosing obesity. While BMI 
does correlate with body fat mass, it does not dis-
tinguish between fat and lean muscle mass. 
Consequently, BMI can be confounded in indi-
viduals who have significant muscle mass, result-
ing in a high BMI despite having only little body 
fat. As well, in older adults with a loss of muscle 
mass, BMI may underestimate the degree of adi-
posity. BMI has also been found to vary based 
upon ethnicity and age. Ethnicity-specific BMI 
cutoffs to better capture body fat and risk associ-
ated with obesity have been proposed. For exam-
ple, the current Asian-Pacific guidelines define 
obesity among Asian individuals as a BMI ≥ 25 
[14]. Finally, BMI is also a limited tool in that it 
does not reflect body fat distribution.

There is a wide range of body fat distribution. 
Abdominal fat is described as having three com-
partments: visceral, retroperitoneal, and subcuta-
neous. Subcutaneous adipose tissue (i.e., fat tissue 
beneath the skin) is the largest of these compart-
ments. Visceral fat, however, is the more hormon-
ally active and known to promote insulin resistance 
and low-grade inflammatory changes [15]. 
Moreover, visceral fat is an important independent 
risk factor for a number of obesity- related meta-
bolic complications, including cardiovascular dis-
ease, type 2 diabetes, and hypertension [16].

Ultimately, clinicians should regularly assess 
obesity with BMI as it remains a practical way to 
identify individuals who are overweight or obese. 
Furthermore, calculating BMI is still a good way 
to evaluate changes over time, as incremental 
increases most likely represent gains in body fat.

 Weight Circumference (WC) 
and Waist-to-Hip Ratio (WHR)

As stated earlier, BMI serves as an effective sur-
rogate measure of fat mass; however, it does not 
reflect body fat composition or distribution. In 
contrast, waist circumference and waist-to-hip 
ratio are alternative measurements to assess body 
fat distribution and are more strongly correlated 
with visceral fat mass than BMI [17]. The National 
Heart, Lung, and Blood Institute (NHLBI) recom-
mends that in patients with a BMI between 25.0 
and 35, additional measurements to further char-
acterize abdominal obesity be pursued, specifi-
cally either waist circumference or waist-to-hip 
ratio (WHR) measurement [12]. Guidelines for 
measuring waist circumference typically recom-
mend measuring at the superior border of the iliac 
crest [12, 18]. The measurement is also usually 
made at a normal minimal respiration. The NHLBI 
defines abdominal obesity as a weight circumfer-
ence greater than 102 cm in men and greater than 
88 cm in women. The proposed cutoffs for WHR 
are 0.95 in men and 0.80 in women. A number of 
studies have shown that both waist circumference 
and WHR are associated with a greater risk of car-
diometabolic disease and death, even after adjust-
ing for BMI, compared with individuals with waist 
measurements in the normal range [19, 20].
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 Body Composition Testing

A number of imaging techniques have been 
developed to better asses body compartments, 
including bioimpedance analysis (BIA) instru-
ments, dual-energy X-ray absorptiometry 
(DEXA), body volume determination techniques, 
dilution techniques using isotope labeled water, 
and magnetic resonance imaging (MRI) or mag-
netic resonance spectroscopy (MRS) scans [21]. 
These techniques are accurate tools to quantify 
the volume and mass of different body compart-
ments, including subcutaneous and visceral fat. 
Furthermore, they can accurately distinguish 
body fat compartments from fat-free lean com-
partments, such as bone marrow and skeletal 
muscle tissue [22–25].

BIA techniques use an electric current to esti-
mate total body water and thereby calculate fat 
and fat-free mass. These instruments are rela-
tively inexpensive, safe, and convenient to use. 
However, because of their use of an electric cur-
rent, this technique is contraindicated in patients 
with pacemakers [21]. Dilution techniques using 
isotope labeled water can also measure body 
composition, again by estimating total body 
water to calculate fat and fat-free mass. 
Furthermore, this technique can also be used to 
calculate free-living energy expenditure [21]. 
Body volume determination techniques include 
air displacement plethysmography and 3D pho-
tonic scanning and are used to estimate total body 
volume and therefore body density. Unlike BIA 
and dilutional techniques, body volume determi-
nation can be used in all age groups [21]. 
Radiographic techniques to measure body com-
position include DEXA and MRI/MRS. DEXA 
measures bone mass and fat and fat-free mass 
and also provides information on regional com-
position. DEXA can be used across all age groups 
and disease states [21]. MRI and MRS are the 
most accurate and reliable tool to asses body 
composition, allowing quantification of specific 
fat depots (i.e., visceral, subcutaneous, intramus-
cular, and epicardial). However, MR-based tech-
niques cannot be used in patients with pacemakers 
or very high BMIs. Furthermore, they are expen-
sive and complex [22–25].

These imaging modalities have been increas-
ingly adopted in obesity research; however, their 
clinical utility in better defining and characteriz-
ing obesity is complicated. While these modali-
ties are accurate, they are expensive and still not 
widely available. Moreover, there remain no 
guidelines or standardized cutoffs as to what 
amount of measured fat mass is associated with 
clinical significance or harm. Furthermore, there 
remains very little data comparing each of the 
different modalities in measuring or evaluating 
changes in body fat with weight reduction or 
weight loss therapy.

 Obesity Biomarkers

A growing number of studies have identified and 
investigated the association between obesity- 
related biomarkers and chronic obesity-related 
disease risk. The major pathways studied include 
the insulin/insulin-like growth factor (IGF) axis, 
adipokines, and chronic inflammation.

The association between insulin metabolism 
and obesity has long been established [26, 27]. 
Insulin metabolism is also tightly linked with the 
IGF system [28]. Biomarkers of the insulin and 
IGF axis include IGF-1, fasting insulin, and 
C-peptide. Fasting insulin and C-peptide have 
been shown to positively correlate with BMI [26, 
29]. Higher fasting insulin concentrations were 
associated with higher risk of hypertension and 
coronary heart disease [30]. Similarly, C-peptide 
has been shown to predict total and cardiovascu-
lar mortality [31, 32].

The role of adipokines, such as leptin and adi-
ponectin, in identifying and characterizing obe-
sity has also been explored. Both adiponectin and 
leptin are primarily expressed by adipose tissue. 
The main function of leptin is the long-term regu-
lation of appetite and energy balance. 
Furthermore, leptin is considered a pro- 
inflammatory adipokine [33]. Individuals with 
obesity are known to have higher leptin concen-
trations than normal-weight individuals, suggest-
ing a state of leptin resistance in obesity [34]. 
Adiponectin helps to regulate energy metabolism 
and has an anti-inflammatory and insulin- 
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sensitizing effect. In contrast to leptin, adiponec-
tin expression is decreased with obesity compared 
to individuals with normal weight [35]. However, 
while these differential patterns of adipokine 
expression in obesity have been well character-
ized, no studies have definitively shown a causal 
role between adipokines and the development of 
obesity.

Obesity has been clearly associated with 
chronic inflammation, mediating the increased 
risk for cardiovascular disease. Studies have 
shown that in people with obesity, the release of 
pro-inflammatory cytokines such as tumor necro-
sis factor α (TNF-α) and interleukin 6 (IL-6) is 
upregulated [33]. However, the data for these 
inflammatory biomarkers, or others like 
C-reactive protein (CRP), and their direct asso-
ciation with both obesity development and related 
chronic illnesses remains limited [36].

With additional investigation, these biomark-
ers of obesity may one day be used to better char-
acterize obesity beyond anthropometric 
measurements, possibly identifying obesity phe-
notypes more prone to chronic disease develop-
ment. At this time, however, our understanding of 
obesity-related biomarkers in disease develop-
ment is limited and their role in obesity diagnosis 
is uncertain.

 Screening

When physicians encounter patients in the clini-
cal setting, the opportunity exists for the early 
identification of overweight and obesity, as well 
as accompanying risk factors. However, the 
appropriate diagnosis and management of obe-
sity remains limited by the persistent stigma 
associated with obesity, lack of education regard-
ing obesity management, as well as the diversity 
of attitudes among both patients and health-care 
providers regarding the underlying causes and 
treatments. In the recent past, there were few 
guidelines regarding the diagnosis and treatment 
of obesity and few FDA-approved pharmaco-
logic options. In addition, there is insufficient 
teaching in medical schools and inadequate train-
ing in residency programs on the management of 

patients with obesity [37]. In fact, the 2017 
National ACTION Study found that only 55% of 
patients with obesity carried a formal diagnosis 
and only 18% had a formal weight loss plan [38].

The United States Preventive Services Task 
Force (USPTF) recommends that all adults over 
the age of 18 be screened for obesity with use 
BMI.  Those patients with a BMI ≥30  kg/m2 
should be offered or referred to intensive, multi-
component behavioral interventions [39]. The 
USPTF does not provide guidance regarding the 
appropriate intervals for screening, though fre-
quent reassessment with routine medical exami-
nation is generally recommended by most society 
guidelines to identify those who are overweight 
or with obesity [40, 41]. Unsurprisingly, with the 
global increase in obesity prevalence, “metabolic 
syndrome,” or the co-occurrence of certain meta-
bolic risk factors, is also becoming increasingly 
common. Metabolic syndrome is defined by a 
cluster of metabolic risk factors, specifically 
abdominal obesity, dyslipidemia, hypertension, 
and hyperglycemia. Health-care providers should 
include the routine assessment of metabolic syn-
drome in at-risk individuals with a history, physi-
cal exam, and/or laboratory studies. The 
Endocrine Society clinical practice guidelines 
suggest screening at 3-year intervals in individu-
als with one or more risk factors [42]. The assess-
ment should include measurement of blood 
pressure, waist circumference, fasting lipids, 
fasting glucose, thyroid-stimulating hormone 
(TSH), and liver enzymes.

 Pathophysiology of Obesity

While there is strong evidence from epidemio-
logical studies on the detrimental effects of obe-
sity defined by classical anthropometric measures 
on health outcomes, the underlying biological 
mechanisms are less understood. A growing body 
of evidence suggests that obesity pathogenesis is 
governed by a disorder of energy homeostasis: 
(1) the sustained positive energy balance and (2) 
the resetting of the body weight set point to an 
increased value. Furthermore, despite weight loss 
efforts, studies show that the body still works to 

A. Mehta et al.



199

defend this higher set point through a mechanism 
referred to as thermogenesis or metabolic adapta-
tion – promoting increased appetite and slowing 
the metabolic rate [43, 44]. These processes are 
in turn further affected and molded by a 
 combination of genetic, epigenetic, developmen-
tal, hormonal, and environmental factors.

 Genetic Mechanisms of Obesity 
Pathogenesis

The genetic mechanisms driving the regulation of 
body weight in humans remains an area of much 
interest. Studies of twins and adopted children 
suggest the influential role of genetic factors in 
humans with obesity. However, concordance 
rates from twin studies have ranged widely, sug-
gesting that anywhere from 25% to 77% of the 
risk for obesity is heritable [45–47].

Additional research using genome-wide asso-
ciation studies (GWASs) has identified a number 
of gene variants associated with weight regula-
tion and obesity [48]. Among the genes identified 
by GWAS, the fat mass and obesity-associated 
(FTO) gene on chromosome 16 has the strongest 
genetic association with obesity and may account 
for up to 15 to 20 percent of the risk for obesity 
[49, 50]. The mechanisms associated with FTO 
mutations and obesity have not been fully charac-
terized, but may involve functional “reprogram-
ming” of adipocytes from energy utilization (i.e., 
beige fat) to energy storage (i.e., white fat) [51]. 
Furthermore, studies have shown that physical 
activity and diet influence the impact of obesity 
risk alleles of the FTO gene [52]. T h e s e 
genetic mechanisms, while an important player 
in obesity pathogenesis, cannot solely account 
for the rapid increase in obesity prevalence over 
the last three decades. Genetic factors, however, 
may predispose individuals to a positive energy 
balance and weight gain and are further modu-
lated by environmental and lifestyle factors to 
promote the obesity phenotype.

Though extremely rare, there are also a num-
ber of monogenic obesity disorders that result 
from a mutation or deficiency of a single gene. 
The most common monogenic form of obesity 

results from heterozygous mutations in the gene 
encoding the melanocortin-4-receptor (MC4R). 
This mutation is present in 2–3% of obese chil-
dren and adults. MC4R is expressed in second- 
order neurons of the hypothalamus and is 
essential for the homeostatic regulation of food 
intake and energy expenditure. MC4R mutations 
are inherited in an autosomal dominant fashion 
and result in hyperphagia, early-onset obesity, 
tall stature, rapid growth, and normal mental sta-
tus. Interestingly, studies have shown that hetero-
zygous patients have the same distribution of 
weight loss response to bariatric surgery as non-
carriers [53].

There are also several syndromic forms of 
obesity that typically result from mutations in 
multiple genes rather than one single gene. They 
present with both severe obesity and characteris-
tic neurodevelopmental abnormalities and other 
organ/system malformations. The most common 
form of syndromic obesity is Prader-Willi syn-
drome (PWS), with an estimated prevalence of 
1:10,000–1:30,000 live births. PWS results from 
the inactivation of the Prader-Willi critical region 
(PWCR) located on chromosome 15q and typi-
cally presents with hyperphagia, early-onset obe-
sity, short stature, developmental delay, and 
increased serum ghrelin levels at baseline [53].

 Environmental and Socioeconomic 
Factors

A number of studies have identified a clear link 
between environmental factors (e.g., diet, physi-
cal activity, property values and environment, 
nutrition education, food environments, and 
income) and obesity risk [54, 55]. Processed food 
and sugar-sweetened beverage consumption 
increased rapidly over the second half of the 
twentieth century, further exacerbated by a 
decrease in physical activity [56–60]. Together, 
these changes produced an “obesogenic” envi-
ronment, promoting increased energy intake and 
decreased energy expenditure and exacerbating 
genetic variants on weight [61]. Processed foods 
in particular have been shown to promote 
increased appetite and overeating, which may 
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result in pathological eating behavior [62, 63]. 
Furthermore, Hall and colleagues recently 
showed that an ultra-processed diet was directly 
correlated with weight gain and the development 
of obesity [64].

Obesity rates in the United States have also 
been linked inversely to socioeconomic status 
(SES), especially among women [65–69]. 
Disparities in the types and amounts of food may 
be one driver of the disparities across different 
socioeconomic groups [70–72]. Low-cost foods 
are typically highly processed, have high energy 
density, and tend to be more widely available and 
selected in underserved areas [73, 74]. Other 
environmental variables that influence diet 
choices and physical activity levels, such as 
neighborhood crime rates and proximity to parks 
and grocery stores, have also been identified as 
independent predictors of obesity risk [75–77]. 
Environmental and economic variables that act as 
barriers to healthy diet and physical activity 
among low-income groups ultimately predispose 
to positive energy balance and weight gain.

 Medications

Drug-induced weight gain is a common problem 
that can contribute to both the development of 
obesity and its associated metabolic comorbidi-
ties. Classes of medications commonly associ-
ated with weight gain include diabetes 
medications, such as insulin, sulfonylureas, and 
thiazolidinediones. Treatment with corticoste-
roids, oral contraceptives, and antineoplastic hor-
monal therapies (i.e., tamoxifen) are often 
associated with weight gain in patients. 
Antidepressants (selective serotonin reuptake 
inhibitors, tricyclic antidepressants, and trazo-
done), antipsychotics (olanzapine, clozapine, ris-
peridone, and quetiapine), and anti-seizure 
medications (valproic acid, gabapentin, and car-
bamazepine) are all also commonly associated 
with weight gain [10]. The mechanisms by which 
these medications induce weight gain vary based 
on the drug class and include stimulation of food 
intake and fat storage, decrease in energy expen-
diture, and impaired exercise tolerance [10].

 Circadian Rhythm and Sleep 
Disruption

A number of studies have demonstrated that the 
circadian rhythm plays an important role in mod-
ulating energy metabolism. Multiple genes and 
hormones involved in energy regulation and 
nutrient metabolism (i.e., insulin, leptin, ghrelin, 
and cortisol) display rhythmic oscillations [78, 
79]. Mouse model studies have found that muta-
tions in circadian clock genes result in altered 
feeding behavior, endocrine signaling, and 
dietary fat absorption resulting in increased 
weight gain [79]. Human epidemiological studies 
have also shown that disruption to the normal 
sleep pattern and circadian rhythm, such as with 
shift work, results in higher rates of obesity, 
hypertension, hyperlipidemia, and insulin resis-
tance [80]. These results suggest that disrupted 
sleep and circadian misalignments are indepen-
dent risk factors for the development of obesity 
and its metabolic complications.

 Gut Hormones

Several gut hormones are involved in the regula-
tion of food intake and communication between 
the gastrointestinal (GI) tract and the regions of 
the brain regulating energy homeostasis. This 
interplay between gut endocrine pathways and the 
brains neural circuits has been referred to as the 
“gut-brain axis.” Increasing evidence suggests 
these hormones and the gut-brain axis play an 
important role in development of obesity and the 
biological defense of body fat mass [81]. Gastric 
and intestinal hormones involved in the gut-brain 
axis include ghrelin, glucagon-like peptide 
(GLP)-1, cholecystokinin, enterostatin, and pep-
tide YY 3–36. All of these circulating hormones, 
except ghrelin, inhibit food intake (i.e., anorexi-
genic). Ghrelin, a gastrointestinal peptide pro-
duced in the stomach and duodenum, has two 
major effects: (1) stimulates growth hormone 
(GH) secretion and (2) increases food intake (i.e., 
orexigenic) [82–85]. Studies have shown that 
ghrelin levels increase with diet- induced weight 
loss, suggesting it plays a role in the compensa-
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tory changes in appetite and energy homeostasis 
that make maintaining weight loss difficult [82]. 
This effect is further exacerbated by a decrease in 
anorexigenic mediators following weight loss, 
again promoting a positive energy balance [81]. 
Interestingly, bariatric surgery appears to be asso-
ciated with low serum ghrelin concentrations [82, 
86]. Researchers have suggested that this suppres-
sion of ghrelin following surgery may be a possi-
ble mechanism for why patients are less hungry 
following these procedures, even in the face of 
significant weight loss.

 Gastrointestinal Microbiome

The GI or “gut” microbiome may be another fac-
tor that directly influences both obesity and the 
response to weight loss interventions. Alterations 
in diet can profoundly affect the composition of 
gut microbiota at multiple levels of the GI tract 
[87]. However, obesity may also directly influ-
ence the composition of gut microbiota as well 
[81, 88, 89]. The bacteria of the microbiome in 
turn can generate biological signals that impact 
energy homeostasis [90]. Consequently, changes 
in the composition of the microbiome likely have 
an impact on these signals that may influence 
weight and the development of obesity.

Studies have shown that individuals who have 
a higher gut Prevotella-to-Bacteroides (P/B) ratio 
lost significantly more weight with lifestyle 
changes and dietary restrictions, compared to 
those with a lower ratio [91]. In individuals with 
obesity, the Firmicutes-to-Bacteroidetes (F/B) 
ratio is higher than in individuals with normal 
weight. Furthermore, following weight loss, 
researchers found that the F/B ratio decreases, 
and when the same individuals regain weight, the 
F/B ratio again increases [89]. A number of 
mouse model studies have also shown that trans-
ferring bacteria from mice with obesity into the 
GI tract of germ-free normal weight mice leads to 
weight gain and an obese phenotype [88]. It has 
been postulated that there may be an “obese 
microbiome” capable of harvesting more calories 
from ingested food than a “lean” microbiome 
[88, 90, 92].

While studies have increasingly explored the 
relationship between specific gut microbiome 
compositions and weight regulation, a causal 
relationship to obesity has still not been estab-
lished in human studies. Ultimately, significant 
work needs to be done to better understand the 
impact of the microbiome on obesity pathogene-
sis and its role in future interventions for obesity 
prevention or treatment.

 Insulin Resistance and Metabolic 
Syndrome

Obesity, or the presence of excess visceral fat, 
has long been associated with insulin resistance. 
However, more recent studies have suggested 
that obesity itself may first induce hyperinsu-
linemia, later resulting in insulin resistance via 
downstream pathways [26, 27]. Insulin resistance 
then drives hyperglycemia and the production of 
pro-inflammatory adipocyte cytokines and ulti-
mately leads to vascular endothelial dysfunction 
and dyslipidemia, resulting in a constellation of 
metabolic derangements: atherosclerotic cardio-
vascular disease, hypertension, and type 2 diabe-
tes [93–95]. Studies have shown that the 
predominant underlying risk factors for meta-
bolic syndrome are abdominal obesity and insu-
lin resistance [93–95].

 Conclusion

The global obesity pandemic is still one of the 
most significant public health crises today. While 
multifactorial, obesity pathogenesis is governed 
by a disorder of energy homeostasis that pro-
motes a positive energy balance. The pathways 
regulating energy homeostasis are in turn affected 
and molded by a combination of genetic, epigen-
etic, developmental, hormonal, and environmen-
tal factors. Given the widespread prevalence of 
obesity and numerous associated comorbidities, 
most medical governing bodies advocate for 
early and frequent screening of obesity, most 
commonly using BMI. Still, the appropriate diag-
nosis and management of obesity remains limited 
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by the persistent stigma, the diversity of attitudes 
among both patients and health-care providers 
regarding the underlying causes and treatments 
for obesity, as well as the lack of formal educa-
tion and training regarding obesity diagnosis and 
treatment. Ultimately, further education and 
research regarding the pathogenesis of obesity 
and widespread utilization of clinical screening is 
necessary to address the obesity pandemic.

References

 1. Hales CM, Fryar CD, Carroll MD, Freedman DS, 
Ogden CL. Trends in obesity and severe obesity prev-
alence in US youth and adults by sex and age, 2007- 
2008 to 2015-2016. JAMA. 2018;319(16):1723–5.

 2. Ward ZJ, Bleich SN, Cradock AL, Barrett JL, Giles 
CM, Flax C, et  al. Projected U.S. state-level preva-
lence of adult obesity and severe obesity. N Engl J 
Med. 2019;381(25):2440–50.

 3. Collaborators GBDO, Afshin A, Forouzanfar MH, 
Reitsma MB, Sur P, Estep K, et  al. Health effects 
of overweight and obesity in 195 countries over 25 
years. N Engl J Med. 2017;377(1):13–27.

 4. Swinburn BA, Sacks G, Hall KD, McPherson K, 
Finegood DT, Moodie ML, et al. The global obesity 
pandemic: shaped by global drivers and local environ-
ments. Lancet. 2011;378(9793):804–14.

 5. Kim DD, Basu A. Estimating the medical care costs 
of obesity in the United States: systematic review, 
meta-analysis, and empirical analysis. Value Health. 
2016;19(5):602–13.

 6. Haslam DW, James WP.  Obesity. Lancet. 
2005;366(9492):1197–209.

 7. Nimptsch K, Pischon T.  Body fatness, related bio-
markers and cancer risk: an epidemiological per-
spective. Horm Mol Biol Clin Investig. 2015;22(2): 
39–51.

 8. Prospective Studies C, Whitlock G, Lewington S, 
Sherliker P, Clarke R, Emberson J, et al. Body-mass 
index and cause-specific mortality in 900 000 adults: 
collaborative analyses of 57 prospective studies. 
Lancet. 2009;373(9669):1083–96.

 9. Karasu SR. Of mind and matter: psychological dimen-
sions in obesity. Am J Psychother. 2012;66(2):111–28.

 10. Bays HE, McCarthy W, Burridge K, Tondt J, Karjoo 
S, Christensen S, Ng J, Golden A, Davisson L, 
Richardson L. Obesity algorithm eBook, presented by 
the Obesity Medicine Association. 2021.

 11. Obesity: preventing and managing the global epi-
demic. Report of a WHO consultation. World Health 
Organ Tech Rep Ser. 2000;894:i–xii, 1–253.

 12. Clinical guidelines on the identification, evaluation, 
and treatment of overweight and obesity in adults--the 

evidence report. Natl Instit Health Obes Res. 1998;6 
Suppl 2:51S–209S.

 13. Okorodudu DO, Jumean MF, Montori VM, Romero- 
Corral A, Somers VK, Erwin PJ, et al. Diagnostic per-
formance of body mass index to identify obesity as 
defined by body adiposity: a systematic review and 
meta-analysis. Int J Obes. 2010;34(5):791–9.

 14. Choo V.  WHO reassesses appropriate body-mass 
index for Asian populations. Lancet. 2002;360(9328): 
235.

 15. Galic S, Oakhill JS, Steinberg GR.  Adipose tis-
sue as an endocrine organ. Mol Cell Endocrinol. 
2010;316(2):129–39.

 16. Karlsson T, Rask-Andersen M, Pan G, Hoglund J, 
Wadelius C, Ek WE, et  al. Contribution of genetics 
to visceral adiposity and its relation to cardiovascular 
and metabolic disease. Nat Med. 2019;25(9):1390–5.

 17. Ping Z, Pei X, Xia P, Chen Y, Guo R, Hu C, et  al. 
Anthropometric indices as surrogates for estimating 
abdominal visceral and subcutaneous adipose tissue: 
a meta-analysis with 16,129 participants. Diabetes 
Res Clin Pract. 2018;143:310–9.

 18. Bosy-Westphal A, Booke CA, Blocker T, Kossel E, 
Goele K, Later W, et al. Measurement site for waist 
circumference affects its accuracy as an index of vis-
ceral and abdominal subcutaneous fat in a Caucasian 
population. J Nutr. 2010;140(5):954–61.

 19. Feller S, Boeing H, Pischon T.  Body mass index, 
waist circumference, and the risk of type 2 diabetes 
mellitus: implications for routine clinical practice. 
Dtsch Arztebl Int. 2010;107(26):470–6.

 20. Pischon T, Boeing H, Hoffmann K, Bergmann M, 
Schulze MB, Overvad K, et al. General and abdomi-
nal adiposity and risk of death in Europe. N Engl J 
Med. 2008;359(20):2105–20.

 21. Lee SY, Gallagher D. Assessment methods in human 
body composition. Curr Opin Clin Nutr Metab Care. 
2008;11(5):566–72.

 22. Karlsson AK, Kullberg J, Stokland E, Allvin K, 
Gronowitz E, Svensson PA, et  al. Measurements of 
total and regional body composition in preschool chil-
dren: a comparison of MRI, DXA, and anthropometric 
data. Obesity (Silver Spring). 2013;21(5):1018–24.

 23. Lee S, Kuk JL. Changes in fat and skeletal muscle with 
exercise training in obese adolescents: comparison of 
whole-body MRI and dual energy X-ray absorptiom-
etry. Obesity (Silver Spring). 2013;21(10):2063–71.

 24. Ross R. Advances in the application of imaging meth-
ods in applied and clinical physiology. Acta Diabetol. 
2003;40(Suppl 1):S45–50.

 25. Wald D, Teucher B, Dinkel J, Kaaks R, Delorme S, 
Boeing H, et  al. Automatic quantification of subcu-
taneous and visceral adipose tissue from whole-body 
magnetic resonance images suitable for large cohort 
studies. J Magn Reson Imaging. 2012;36(6):1421–34.

 26. Reaven GM. Insulin resistance: the link between obe-
sity and cardiovascular disease. Med Clin North Am. 
2011;95(5):875–92.

A. Mehta et al.



203

 27. Kahn SE, Hull RL, Utzschneider KM.  Mechanisms 
linking obesity to insulin resistance and type 2 diabe-
tes. Nature. 2006;444(7121):840–6.

 28. van Heemst D.  Insulin, IGF-1 and longevity. Aging 
Dis. 2010;1(2):147–57.

 29. Aleksandrova K, Drogan D, Boeing H, Jenab M, Bas 
Bueno-de-Mesquita H, Jansen E, et  al. Adiposity, 
mediating biomarkers and risk of colon cancer in the 
European prospective investigation into cancer and 
nutrition study. Int J Cancer. 2014;134(3):612–21.

 30. Xun P, Wu Y, He Q, He K.  Fasting insulin concen-
trations and incidence of hypertension, stroke, and 
coronary heart disease: a meta-analysis of prospective 
cohort studies. Am J Clin Nutr. 2013;98(6):1543–54.

 31. Min JY, Min KB. Serum C-peptide levels and risk of 
death among adults without diabetes mellitus. CMAJ. 
2013;185(9):E402–8.

 32. Patel N, Taveira TH, Choudhary G, Whitlatch H, Wu 
WC.  Fasting serum C-peptide levels predict cardio-
vascular and overall death in nondiabetic adults. J Am 
Heart Assoc. 2012;1(6):e003152.

 33. Tilg H, Moschen AR.  Adipocytokines: mediators 
linking adipose tissue, inflammation and immunity. 
Nat Rev Immunol. 2006;6(10):772–83.

 34. Engin A.  Diet-induced obesity and the mecha-
nism of leptin resistance. Adv Exp Med Biol. 
2017;960:381–97.

 35. Chandran M, Phillips SA, Ciaraldi T, Henry 
RR. Adiponectin: more than just another fat cell hor-
mone? Diabetes Care. 2003;26(8):2442–50.

 36. Zhuang Q, Shen C, Chen Y, Zhao X, Wei P, Sun J, 
et al. Association of high sensitive C-reactive protein 
with coronary heart disease: a Mendelian randomiza-
tion study. BMC Med Genet. 2019;20(1):170.

 37. Kushner RF.  Weight loss strategies for treatment of 
obesity: lifestyle management and pharmacotherapy. 
Prog Cardiovasc Dis. 2018;61(2):246–52.

 38. Kaplan LM, Golden A, Jinnett K, Kolotkin RL, Kyle 
TK, Look M, et al. Perceptions of barriers to effective 
obesity care: results from the national ACTION study. 
Obesity (Silver Spring). 2018;26(1):61–9.

 39. U.S.  Preventive Services Task Force. Screening for 
obesity in adults: recommendations and rationale. 
Ann Intern Med. 2003;139(11):930–2.

 40. Jensen MD, Ryan DH, Apovian CM, Ard JD, 
Comuzzie AG, Donato KA, et  al. 2013 AHA/ACC/
TOS guideline for the management of overweight and 
obesity in adults: a report of the American College of 
Cardiology/American Heart Association Task Force 
on Practice Guidelines and the Obesity Society. J Am 
Coll Cardiol. 2014;63(25 Pt B):2985–3023.

 41. Apovian CM, Aronne LJ, Bessesen DH, McDonnell 
ME, Murad MH, Pagotto U, et  al. Pharmacological 
management of obesity: an endocrine society clini-
cal practice guideline. J Clin Endocrinol Metab. 
2015;100(2):342–62.

 42. Rosenzweig JL, Bakris GL, Berglund LF, Hivert MF, 
Horton ES, Kalyani RR, et al. Primary prevention of 

ASCVD and T2DM in patients at metabolic risk: an 
Endocrine Society* clinical practice guideline. J Clin 
Endocrinol Metab. 2019; https://doi.org/10.1210/
jc.2019- 01338.

 43. Rosenbaum M, Leibel RL. Adaptive thermogenesis in 
humans. Int J Obes. 2010;34(Suppl 1):S47–55.

 44. Fothergill E, Guo J, Howard L, Kerns JC, Knuth ND, 
Brychta R, et  al. Persistent metabolic adaptation 6 
years after “The Biggest Loser” competition. Obesity 
(Silver Spring). 2016;24(8):1612–9.

 45. O’Rahilly S, Farooqi IS. Human obesity as a heritable 
disorder of the central control of energy balance. Int J 
Obes. 2008;32(Suppl 7):S55–61.

 46. Wardle J, Carnell S, Haworth CM, Plomin R. Evidence 
for a strong genetic influence on childhood adiposity 
despite the force of the obesogenic environment. Am 
J Clin Nutr. 2008;87(2):398–404.

 47. Perusse L, Rankinen T, Zuberi A, Chagnon YC, 
Weisnagel SJ, Argyropoulos G, et  al. The human 
obesity gene map: the 2004 update. Obes Res. 
2005;13(3):381–490.

 48. Locke AE, Kahali B, Berndt SI, Justice AE, Pers 
TH, Day FR, et  al. Genetic studies of body mass 
index yield new insights for obesity biology. Nature. 
2015;518(7538):197–206.

 49. Frayling TM, Timpson NJ, Weedon MN, Zeggini E, 
Freathy RM, Lindgren CM, et  al. A common vari-
ant in the FTO gene is associated with body mass 
index and predisposes to childhood and adult obesity. 
Science. 2007;316(5826):889–94.

 50. Dina C, Meyre D, Gallina S, Durand E, Korner A, 
Jacobson P, et  al. Variation in FTO contributes to 
childhood obesity and severe adult obesity. Nat Genet. 
2007;39(6):724–6.

 51. Claussnitzer M, Dankel SN, Kim KH, Quon G, 
Meuleman W, Haugen C, et al. FTO obesity variant 
circuitry and adipocyte browning in humans. N Engl J 
Med. 2015;373(10):895–907.

 52. Kim JY, DeMenna JT, Puppala S, Chittoor G, 
Schneider J, Duggirala R, et al. Physical activity and 
FTO genotype by physical activity interactive influ-
ences on obesity. BMC Genet. 2016;17:47.

 53. Beales PL, Farooqi IS, O'Rahilly S. The genetics of 
obesity syndromes, vol. x. Oxford; New York: Oxford 
University Press; 2009. p. 288.

 54. Drewnowski A, Rehm CD, Arterburn D.  The geo-
graphic distribution of obesity by census tract among 
59 767 insured adults in King County, WA. Int J Obes 
(Lond). 2014;38(6):833–9.

 55. Drewnowski A, Aggarwal A, Cook A, Stewart O, 
Moudon AV. Geographic disparities in Healthy Eating 
Index scores (HEI-2005 and 2010) by residential 
property values: findings from Seattle Obesity Study 
(SOS). Prev Med. 2016;83:46–55.

 56. Nielsen SJ, Popkin BM.  Changes in beverage 
intake between 1977 and 2001. Am J Prev Med. 
2004;27(3):205–10.

12 Obesity Diagnosis and Pathophysiology

https://doi.org/10.1210/jc.2019-01338
https://doi.org/10.1210/jc.2019-01338


204

 57. Nielsen SJ, Popkin BM. Patterns and trends in food 
portion sizes, 1977-1998. JAMA. 2003;289(4):450–3.

 58. Nielsen SJ, Siega-Riz AM, Popkin BM.  Trends 
in energy intake in U.S. between 1977 and 1996: 
similar shifts seen across age groups. Obes Res. 
2002;10(5):370–8.

 59. Wright JD, Wang CY. Trends in intake of energy and 
macronutrients in adults from 1999-2000 through 
2007-2008. NCHS Data Brief. 2010;49:1–8.

 60. Guo G, Liu H, Wang L, Shen H, Hu W.  The 
genome-wide influence on human BMI depends on 
physical activity, life course, and historical period. 
Demography. 2015;52(5):1651–70.

 61. Walter S, Mejia-Guevara I, Estrada K, Liu SY, 
Glymour MM.  Association of a genetic risk score 
with body mass index across different birth cohorts. 
JAMA. 2016;316(1):63–9.

 62. Poti JM, Braga B, Qin B.  Ultra-processed food 
intake and obesity: what really matters for health- 
processing or nutrient content? Curr Obes Rep. 
2017;6(4):420–31.

 63. Schulte EM, Smeal JK, Gearhardt AN.  Foods are 
differentially associated with subjective effect 
report questions of abuse liability. PLoS One. 
2017;12(8):e0184220.

 64. Hall KD, Ayuketah A, Brychta R, Cai H, Cassimatis 
T, Chen KY, et al. Ultra-processed diets cause excess 
calorie intake and weight gain: an inpatient random-
ized controlled trial of ad libitum food intake. Cell 
Metab. 2019;30(1):67–77 e3.

 65. Sobal J, Stunkard AJ.  Socioeconomic status and 
obesity: a review of the literature. Psychol Bull. 
1989;105(2):260–75.

 66. McLaren L.  Socioeconomic status and obesity. 
Epidemiol Rev. 2007;29:29–48.

 67. Drewnowski A. Obesity, diets, and social inequalities. 
Nutr Rev. 2009;67(Suppl 1):S36–9.

 68. Ogden CL, Lamb MM, Carroll MD, Flegal 
KM.  Obesity and socioeconomic status in adults: 
United States, 2005-2008. NCHS Data Brief. 
2010;50:1–8.

 69. Lebel A, Kestens Y, Clary C, Bisset S, Subramanian 
SV. Geographic variability in the association between 
socioeconomic status and BMI in the USA and 
Canada. PLoS One. 2014;9(6):e99158.

 70. Gustafson AA, Sharkey J, Samuel-Hodge CD, Jones- 
Smith J, Folds MC, Cai J, et al. Perceived and objec-
tive measures of the food store environment and the 
association with weight and diet among low-income 
women in North Carolina. Public Health Nutr. 
2011;14(6):1032–8.

 71. Jennings A, Welch A, Jones AP, Harrison F, Bentham 
G, van Sluijs EM, et al. Local food outlets, weight sta-
tus, and dietary intake: associations in children aged 
9-10 years. Am J Prev Med. 2011;40(4):405–10.

 72. Caspi CE, Sorensen G, Subramanian SV, Kawachi 
I. The local food environment and diet: a systematic 
review. Health Place. 2012;18(5):1172–87.

 73. Drewnowski A, Specter SE. Poverty and obesity: the 
role of energy density and energy costs. Am J Clin 
Nutr. 2004;79(1):6–16.

 74. Darmon N, Drewnowski A. Does social class predict 
diet quality? Am J Clin Nutr. 2008;87(5):1107–17.

 75. Rundle A, Quinn J, Lovasi G, Bader MD, 
Yousefzadeh P, Weiss C, et al. Associations between 
body mass index and park proximity, size, cleanli-
ness, and recreational facilities. Am J Health Promot. 
2013;27(4):262–9.

 76. Duncan MJ, Spence JC, Mummery WK.  Perceived 
environment and physical activity: a meta-analysis 
of selected environmental characteristics. Int J Behav 
Nutr Phys Act. 2005;2:11.

 77. Boehmer TK, Hoehner CM, Deshpande AD, Brennan 
Ramirez LK, Brownson RC. Perceived and observed 
neighborhood indicators of obesity among urban 
adults. Int J Obes. 2007;31(6):968–77.

 78. Froy O, Miskin R. Effect of feeding regimens on cir-
cadian rhythms: implications for aging and longevity. 
Aging (Albany NY). 2010;2(1):7–27.

 79. Fonken LK, Nelson RJ. The effects of light at night 
on circadian clocks and metabolism. Endocr Rev. 
2014;35(4):648–70.

 80. Antunes LC, Levandovski R, Dantas G, Caumo W, 
Hidalgo MP. Obesity and shift work: chronobiologi-
cal aspects. Nutr Res Rev. 2010;23(1):155–68.

 81. Torres-Fuentes C, Schellekens H, Dinan TG, Cryan 
JF. The microbiota-gut-brain axis in obesity. Lancet 
Gastroenterol Hepatol. 2017;2(10):747–56.

 82. Koepp GA, Moore GK, Levine JA. Chair-based fidg-
eting and energy expenditure. BMJ Open Sport Exerc 
Med. 2016;2(1):e000152.

 83. Cummings DE, Weigle DS, Frayo RS, Breen PA, Ma 
MK, Dellinger EP, et  al. Plasma ghrelin levels after 
diet-induced weight loss or gastric bypass surgery. N 
Engl J Med. 2002;346(21):1623–30.

 84. Tschop M, Smiley DL, Heiman ML. Ghrelin induces 
adiposity in rodents. Nature. 2000;407(6806):908–13.

 85. Wren AM, Seal LJ, Cohen MA, Brynes AE, Frost 
GS, Murphy KG, et al. Ghrelin enhances appetite and 
increases food intake in humans. J Clin Endocrinol 
Metab. 2001;86(12):5992.

 86. Sumithran P, Prendergast LA, Delbridge E, Purcell K, 
Shulkes A, Kriketos A, et al. Long-term persistence of 
hormonal adaptations to weight loss. N Engl J Med. 
2011;365(17):1597–604.

 87. Sommer F, Backhed F. The gut microbiota--masters of 
host development and physiology. Nat Rev Microbiol. 
2013;11(4):227–38.

 88. Turnbaugh PJ, Gordon JI. The core gut microbiome, 
energy balance and obesity. J Physiol. 2009;587(Pt 
17):4153–8.

 89. Mathur R, Barlow GM. Obesity and the microbiome. 
Expert Rev Gastroenterol Hepatol. 2015;9(8):1087–99.

 90. Rosenbaum M, Knight R, Leibel RL. The gut micro-
biota in human energy homeostasis and obesity. 
Trends Endocrinol Metab. 2015;26(9):493–501.

A. Mehta et al.



205

 91. Hjorth MF, Blaedel T, Bendtsen LQ, Lorenzen JK, 
Holm JB, Kiilerich P, et al. Prevotella-to-Bacteroides 
ratio predicts body weight and fat loss success on 
24-week diets varying in macronutrient composition 
and dietary fiber: results from a post-hoc analysis. Int 
J Obes. 2019;43(1):149–57.

 92. Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, 
Mardis ER, Gordon JI.  An obesity-associated gut 
microbiome with increased capacity for energy har-
vest. Nature. 2006;444(7122):1027–31.

 93. Ervin RB. Prevalence of metabolic syndrome among 
adults 20 years of age and over, by sex, age, race and 
ethnicity, and body mass index: United States, 2003- 
2006. Natl Health Stat Rep. 2009;13:1–7.

 94. Grundy SM, Cleeman JI, Daniels SR, Donato KA, 
Eckel RH, Franklin BA, et  al. Diagnosis and man-
agement of the metabolic syndrome: an American 
Heart Association/National Heart, Lung, and 
Blood Institute Scientific Statement. Circulation. 
2005;112(17):2735–52.

 95. Grundy SM, Cleeman JI, Daniels SR, Donato KA, 
Eckel RH, Franklin BA, et  al. Diagnosis and man-
agement of the metabolic syndrome: an American 
Heart Association/National Heart, Lung, and Blood 
Institute scientific statement. Curr Opin Cardiol. 
2006;21(1):1–6.

12 Obesity Diagnosis and Pathophysiology



207© Springer Nature Switzerland AG 2022 
C. Newberry et al. (eds.), Nutrition, Weight, and Digestive Health, 
https://doi.org/10.1007/978-3-030-94953-2_13

Obesity-Related Gastrointestinal 
Disorders
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 Introduction

Obesity is a complex disease rising from both 
environmental and genetic etiologies. Broadly 
defined as excess body weight for a given height, 
obesity has become a global health concern that 
affects multiple organ systems. As obesity plays 
a main role in the development of the metabolic 
syndrome, it is often associated with cardiovas-
cular disease and diabetes mellitus. There is 
increasing evidence for the association of obe-
sity with a wide range of gastrointestinal dis-
eases (Fig. 13.1). The prevalence of obesity has 
risen in parallel with malignancies and organ 
dysfunction. In this chapter, we discuss key 
associations between obesity and major gastro-
intestinal diseases while also considering ways 
in which obesity affects disease course and 
management.

 Esophageal Disorders

Obesity is associated with increased esophageal 
acid exposure that can result in burdensome 
symptoms. Overtime, increased acid exposure 
can lead to erosive esophagitis, Barrett’s esopha-
gus (BE), and esophageal adenocarcinoma 
(EAC). As such it is prudent to consider these 
conditions in patients with obesity [1].

 Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) is char-
acterized by pathologic reflux associated with 
symptoms of reflux and/or complications of 
mucosal injury. Epidemiology studies have 
shown a dose-response relationship between 
BMI and GERD risk [2]. According to a cross- 
sectional study of 505 total patients, central obe-
sity independently increased the risk of GERD 
by 88% [3]. There are several proposed mecha-
nisms of the association between BMI and pro-
longed acid exposure. Transient relaxations of 
the lower esophageal sphincter (LES) have been 
observed to be more common in patients with 
obesity [4, 5]. A hypotensive LES is a risk factor 
for GERD. Another mechanism by which obesity 
predisposes one to GERD is structural. Excess 
adipose tissue results in an increase in intra- 
abdominal pressure which increases the pressure 
gradient between the abdomen and the chest [6, 7]. 
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As a result, the integrity of the gastroesophageal 
junction is impaired.

As obesity increases the risk of GERD, stud-
ies have sought to answer whether there is resolu-
tion with weight loss. Multiple randomized 
controlled trials show that weight loss by lifestyle 
modification reduces esophageal acid exposure 
[8]. Successful weight loss by lifestyle modifica-
tion also correlates with a decreased prevalence 
of reflux symptoms [8]. In the bariatric surgery 
population, the effect of bariatric surgery on gas-
troesophageal reflux is complicated by a number 
of factors including procedure type, presence or 
repair of hiatal hernia during surgery, post- 
bariatric diet, and the degree of lifestyle modifi-
cation. Forty percent of patients with obesity 
have hiatal hernias prior to bariatric surgery [9]. 
Roux-en-Y gastric bypass is considered the most 

effective at alleviating symptoms of GERD and is 
sometimes performed in cases of failed fundopli-
cation [7].

The relationship between sleeve gastrectomy 
and GERD is complex. Sleeve gastrectomy may 
worsen reflux symptoms or incite esophagitis in 
patients with preexisting GERD due to altera-
tions in stomach anatomy that decrease the basal 
pressure of the LES while increasing intragastric 
pressure [7, 10]. However, some studies demon-
strate an improvement in GERD symptoms fol-
lowing surgery possibly due to the resultant 
weight loss as well as decreased acid production 
and accelerated gastric emptying [10, 11]. 
Regardless, a retained fundus has been shown to 
increase the risk of GERD, and as such, complete 
resection of the fundus during sleeve gastrectomy 
is recommended [10].

Esophagus

• Barrett’s Esophagus

• Esophageal adenocarcinoma

• Esophagitis

• GERD

Stomach

• Gastric cancer

• Gastritis

Liver

• Hepatocellular carcinoma

• NAFLD

• NASH

Gallbladder

• Gallbladder carcinoma

• Gallstones

Pancreas

• Pancreatic cancer

• Pancreatitis

Intestine

• C. difficile

• Colorectal cancer

• Diverticulitis

• Diverticulosis

• Inflammatory bowel disease

Fig. 13.1 Gastrointestinal disorders associated with obesity. (Author: Dr. Elissa Lin)
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 Erosive Esophagitis

Erosive esophagitis is defined by esophageal 
mucosal erosive changes that occur with or with-
out reflux. Obesity is associated with an increased 
risk of GERD and thereby erosive esophagitis. 
Additionally, visceral adiposity is metabolically 
active and creates a pro-inflammatory state that 
contributes to inflammation in esophageal tissue 
[12]. A cohort study of metabolically healthy 
adults who underwent upper endoscopy found 
that those with overweight and obesity had an 
increased risk of developing erosive esophagitis 
compared to normal-weight adults, even after 
adjustment for metabolic risk factors. 
Interestingly, a retrospective cross-sectional 
study with over 10,000 subjects showed that in 
the absence of obesity, metabolic comorbidities, 
specifically hypertension, hyperlipidemia, and 
diabetes, did not increase the risk for erosive 
esophagitis [13]. This suggests that metabolic 
health alone does not play a critical role in the 
development of erosive esophagitis. Thus, obe-
sity even without metabolic comorbidities 
remains a risk factor for erosive esophagitis [14].

 Barrett’s Esophagus and Esophageal 
Adenocarcinoma

Barrett’s esophagus (BE) is a pathologic state in 
which the stratified squamous epithelium of the 
distal esophagus is replaced by metaplastic 
columnar epithelium with goblet cells. BE pre-
disposes patients to esophageal adenocarcinoma 
(EAC). Obesity is a known risk factor for both 
Barrett’s esophagus and esophageal adenocarci-
noma [15]. A systematic analysis of 46 studies 
demonstrated that abdominal obesity, defined as 
a waist-to-hip ratio >0.90 for men and >0.85 for 
women, increased the risk of BE by 30% (OR 
1.30, 95% CI 1.11–1.52) [16]. With regard to 
esophageal malignancies, it is important to dis-
tinguish the risk of esophageal adenocarcinoma 
from the risk of squamous cell carcinoma. A 
meta-analysis on studies prior to 2010 revealed a 
relative risk (RR) of developing all esophageal 
cancers (both adenocarcinoma and squamous cell 

carcinoma) to be 1.21 (0.97–1.52) and 1.20 
(0.95–1.53) in men and women with obesity, 
respectively, compared to normal-weight coun-
terparts [17]. While these results were not statis-
tically significant, more recent studies on the 
effect of obesity on exclusively EAC found that 
those with obesity were at least four times as 
likely to develop EAC [15, 18, 19]. The mecha-
nisms of the association of obesity with BE and 
EAC are thought to be both mechanical and non-
mechanical, similar to GERD. Abdominal fat can 
decrease lower esophageal sphincter pressure 
resulting in increased reflux events while also 
potentiating reflux-mediated inflammation [18]. 
A 2019 population-based case-control study 
demonstrated that metabolic syndrome is associ-
ated with the risk of BE in males but not in 
females, which may explain the higher preva-
lence of BE in males [20]. Additionally, some 
bariatric procedures, specifically sleeve gastrec-
tomy, are associated with an increased risk of 
developing BE [21]. A 2019 meta-analysis 
revealed an incidence of BE following sleeve 
gastrectomy of 13.6% when patients were fol-
lowed for longer than 5 years after the surgery in 
studies that performed endoscopies on all patients 
before and after laparoscopic sleeve gastrectomy 
irrespective of reflux symptoms [21]. This study 
also demonstrated higher rates of GERD, hiatal 
hernia, and erosive esophagitis in the same 
cohort, which can mediate the association 
between sleeve gastrectomy and BE.  Increased 
reflux may be related to anatomic changes after 
sleeve gastrectomy such as reduced gastric com-
pliance with preserved pylorus leading to a high- 
pressure system. Additionally, sleeve gastrectomy 
can be associated with disruption of intrinsic 
anti-reflux mechanisms related to alteration of 
the angle of His and resection of gastric sling 
fibers, thus affecting lower esophageal sphincter 
integrity [10, 22–25].

 Gastric Disorders

The complex interplay of gastric physiology con-
tributes to appetite, satiety, and thereby obesity. 
Among the many orexigenic and anorexigenic 
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peptides, ghrelin is the only orexigenic hormone 
that is secreted by the stomach, with a significant 
role in hunger [26]. Gastric motility also appears 
to play a role in obesity as gastric emptying may 
be faster, thereby delaying satiation in those with 
obesity [26]. In addition to the baseline physio-
logic roles of the stomach in weight regulation, 
obesity appears to be associated with several 
gastric-related disease states.

 Gastritis

Obesity has been shown to be associated with not 
only endoscopic erosive gastritis but also histo-
logic inflammation of the gastric mucosa [27]. 
Studies assessing the relationship between obe-
sity and histologic gastritis have mostly been per-
formed in patients undergoing bariatric surgery 
[28, 29]. These studies show that patients with 
morbid obesity have a significantly increased 
prevalence of histologically confirmed gastritis 
compared to age- and sex-matched control sub-
jects with normal BMI [28]. There was no differ-
ence in Helicobacter pylori infection between 
patients with morbid obesity versus nonobese 
cohorts. It is unclear if an increased risk of gastri-
tis is seen in those with less severe degrees of 
obesity. The mechanisms of the development of 
gastritis in obesity are not well understood 
beyond the pro-inflammatory nature of adipose 
tissue. However, there is evidence that adiponec-
tin, an adipokine known to increase insulin sensi-
tivity, may play a role. It has been shown that 
lower serum levels of adiponectin, as seen in obe-
sity, are significantly associated with endoscopic 
erosive gastritis [30]. This is consistent with the 
anti-inflammatory nature of adiponectin in which 
it has been noted to promote ulcer healing and 
reduces leukocyte infiltration in the submucosa 
[31].

 Gastric Cancer

Gastric cancer is one of the leading causes of 
cancer-related mortality worldwide [32]. The eti-
ology of gastric cancer is both environmental and 

genetic and includes modifiable risk factors such 
as H. pylori and GERD. Given that obesity is a 
known risk factor for GERD [1], it is reasonably 
also a risk factor for gastric cancer. Interestingly, 
risk factors for cancer development differ depend-
ing on the region of the stomach. In the setting of 
obesity, there is a two- to threefold increased risk 
of cancer of the esophagogastric junction includ-
ing the cardia [19]. However, increased BMI may 
not be associated with gastric non-cardia cancer 
[33]. Instead, risk factors associated with gastric 
non-cardia cancer include H. pylori infection, 
low socioeconomic status, and high intake of 
salty and smoked food [32].

 Hepatobiliary Disorders

A variety of disorders of the liver and biliary tract 
are affected by obesity. The liver plays an impor-
tant role in metabolism as it receives and stores 
nutrients from the intestines and peripheral tis-
sues. Due to its metabolic activity, the liver is sus-
ceptible to changes in nutritional status including 
excessive calorie intake in the setting of obesity. 
In the biliary system, gallstone disease is defined 
by symptoms or complications caused by gall-
stones in the gallbladder or bile ducts. Gallstone 
disease, also exacerbated by obesity, is a chronic 
condition that increases with age and can greatly 
affect quality of life. As obesity increases the risk 
of metabolic abnormalities, the development of 
these comorbidities in turn predisposes one to an 
increased risk of gallbladder malignancy [34].

 Gallstone Disease

Cholelithiasis, the formation of gallstones, is a 
known complication of obesity [35]. Multiple 
epidemiological studies have demonstrated an 
increased risk of gallstones in those with obesity, 
though the association of BMI with the develop-
ment of gallstones is more frequently seen in 
women than in men [35]. A meta-analysis by 
Goh et al. [17] found obesity to increase the risk 
of gallstone disease 43% and 132% in men and 
women, respectively. It is hypothesized that dif-
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ferences in hormone secretion may explain the 
difference between the risk of gallstones in men 
and women [36]. One study found that women 
with a BMI greater than 30  kg/mg2 had a 1% 
yearly incidence of gallstones [37]. The true 
prevalence of gallstones in those with obesity 
might be underestimated due to decreased sensi-
tivity of ultrasound in detecting gallstones with 
increasing adipose tissue.

Cholesterol stones are the most common types 
of gallstones in those with obesity [35]. 
Cholesterol stone formation is primarily pro-
moted by the supersaturation of bile with choles-
terol such that the cholesterol to bile acid ratio is 
disproportionately increased [35]. In those with 
obesity, bile is significantly more saturated with 
cholesterol due to a greater degree of cholesterol 
secretion [35].

Though obesity is associated with cholelithia-
sis, weight loss may not always reduce the inci-
dence of gallstones [35]. In fact, higher rates of 
weight loss and long periods of fasting are asso-
ciated with the formation of gallstones regardless 
of sex [35]. An increased saturation of bile with 
cholesterol may occur during weight loss as 
caloric restriction leads to decreased secretion of 
biliary lipids and subsequent smaller bile acid 
pool. This may explain an increased incidence of 
gallstones during weight loss, and subsequently 
an increased risk of choledocholithiasis and cho-
lecystitis. Of those with gallstones, approxi-
mately 1–4% of patients will develop symptoms 
of gallstone disease annually [38].

 Gallbladder Cancer

Gallbladder cancer (GBC) is an uncommon 
malignancy that only arises in 1 in 200 cases of 
gallstone disease [39]. The association between 
obesity and GBC has been demonstrated in a 
number of studies worldwide [40, 41]. Women 
compared to men have a higher risk of develop-
ing GBC [41]. For each 5-point increase in BMI, 
there is a 59% and 9% increased risk of develop-
ing gallbladder cancer in women and men, 
respectively [34]. Other factors increasing the 
risk for GBC include abdominal obesity specifi-

cally and obesity in early adulthood [42]. Not 
only is obesity a risk factor for gallstones, obesity 
can also lead to an increased risk of GBC in the 
absence of gallstones [41]. The mechanisms of 
obesity in GBC development are primarily fatty 
infiltration of the gallbladder along with obesity- 
induced insulin resistance and resultant increased 
production of insulin-like growth factors (IGF) 
[41]. Increased fatty infiltration in the gallbladder 
enhances local chronic inflammation which is 
hypothesized to favor epithelial cell transforma-
tion [41]. A systematic analysis of the expression 
of IGF in gallbladder carcinomas showed that 
IGFs are involved in the early stage of carcino-
genesis and are expressed in lymph nodes and 
hepatic metastases [43].

 NAFLD/NASH

The incidence and severity of nonalcoholic fatty 
liver disease (NAFLD) has rapidly increased in 
parallel with the obesity epidemic. Obesity is an 
independent risk factor NAFLD, with a 3.5-fold 
higher relative risk (RR) of developing NAFLD 
and a dose-dependent RR of 1.20 for each 1-point 
increase in BMI [44]. The global burden of 
NAFLD is estimated to be 25%, with the highest 
prevalence in the Middle East and South America 
and lowest prevalence in Sub-Saharan Africa 
[45]. NAFLD is a major cause of liver disease 
and may progress to nonalcoholic steatohepatitis 
(NASH), liver fibrosis, cirrhosis, and hepatocel-
lular carcinoma (HCC) [46]. Out of 100 patients 
with NAFLD, approximately 5 will go on to 
develop cirrhosis and 1–2 will ultimately die 
from a liver-related etiology [45]. Patients with 
NAFLD also have higher rates of hypertension, 
dyslipidemia, and increased insulin resistance or 
type 2 diabetes which are major risk factors for 
cardiovascular disease, a leading cause of death 
among patients with NAFLD and NASH [47].

Clinically, NAFLD is generally asymptomatic 
but may cause mild liver test abnormalities.

Diagnosis of NAFLD is typically confirmed by 
ultrasound, which is the most common screening 
test. In North America, prevalence of NAFLD 
with ultrasound was 24% but only 13% with 
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serum measurement of AST and ALT [45], sug-
gesting that blood tests alone are insufficient to 
diagnosis NAFLD.  Several clinical calculators 
have been developed to predict NAFLD severity 
and risk of progression to NASH, but these tools 
are imperfect [48]. The gold standard for diagno-
sis of NASH is liver biopsy and is reserved for 
cases where the diagnosis is uncertain or there is 
high suspicion for advanced NAFLD-related liver 
disease. A noninvasive method to detect NASH is 
through ultrasound or magnetic resonance liver 
elastography, a measurement of liver stiffness, 
and is commonly used to monitor patients with 
NASH for progression to cirrhosis [48].

Treatment of NAFLD and NASH primarily 
consists of lifestyle changes with the goal of 
weight loss. Even a modest 5% weight loss lead 
to improvement of NAFLD in 65% of patients 
and NASH-resolution in 26% of patients [49]. A 
more impressive 10% weight loss leads to 
improvement NAFLD in 100% of patients and 
NASH-resolution in 90% of patients [49]. A 
Mediterranean diet is recommended as the most 
effective diet for weight loss with beneficial 
reductions in cardiometabolic risk factors [49]. 
Evidence for pharmacologic therapy for NAFLD 
and NASH is limited; patients with non-diabetic, 
biopsy-proven NASH may benefit from vitamin 
E and pioglitazone [48]. Many other pharmaco-
logic agents are in trial. Bariatric surgery is a 
highly effective treatment for NASH but is 
reserved only for cases who have failed lifestyle 
and pharmacologic therapy and meet a separate 
criterion for weight loss surgery [50].

 Cirrhosis

In patients with obesity and NASH, an estimated 
3–15% progress to cirrhosis [51, 52]. In addition, 
obesity is considered an independent risk factor 
for the development of cirrhosis [51]. Obesity is 
a poor prognostic indicator in those who have 
existing liver disease. For example, obesity 
increases the risk of portal vein thrombosis by 
way of pro-inflammatory and prothrombotic 
mechanisms [51]. In addition to the negative 
effects of excess adipose tissue, the coexistence 

of sarcopenia and obesity magnifies the risk of 
cirrhosis complications such as sepsis and hepatic 
encephalopathy [51]. In liver transplantation, 
obesity is associated with increased perioperative 
complications, length of stay, and risk of infec-
tion [51].

Bariatric surgery is the most effective cur-
rently available therapy to treat obesity and can 
be considered in patients with Child-Pugh class 
A cirrhosis, though more severe forms of liver 
disease are often a contraindication. In a system-
atic review of bariatric surgery outcomes in 
patients with cirrhosis [53], bariatric surgery was 
found to potentially halt or reverse liver damage 
with corresponding improvements in metabolic 
parameters. Furthermore, bariatric surgery with 
resultant weight loss could improve the likeli-
hood of liver transplant in patients with obesity as 
a BMI ≥40 kg/m2 is often a contraindication to 
transplantation.

 Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the most 
common primary liver malignancy [54]. The 
increasing incidence of obesity and development 
of NASH is largely responsible for the increase in 
HCC cases across the United States [55]. For 
every 5-point BMI increase, the relative risk of 
developing liver cancer increased 24% [56]. 
When comparing NASH and NAFLD, the risk of 
HCC is more associated with NASH-cirrhosis 
than with NAFLD [55]. Nevertheless, obesity 
remains a well-known risk factor for HCC devel-
opment in patients with other types of liver dis-
ease as well, such as viral hepatitis [57]. 
Additionally, the risk of dying from liver cancer is 
4.5 times higher in men with a BMI of ≥35 kg/m2 
compared to normal-weight counterparts [57]. 
Obesity-related metabolic inflammation has been 
implicated in HCC progression through mecha-
nisms that include neural regulation, innate 
immune responses, and endocrinal regulation [54, 
58]. Previously labeled as cryptogenic HCC, the 
metabolic syndrome is now acknowledged as a 
cause of liver cancer. Insulin resistance and 
hepatic steatosis both promote tissue-derived 
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inflammation which predisposes hepatocytes to 
carcinogenesis [57]. In addition, pro- inflammatory 
adipocytokines in obesity are associated with a 
worse prognosis of HCC [54]. NAFLD and 
NASH can be prevented by maintaining a healthy 
lifestyle and avoiding the development of hyper-
tension, diabetes, and hyperlipidemia. Doing so 
decreases fatty liver-related disease, which then 
reduces both cirrhosis and HCC cases.

 Pancreatic Disorders

Increased pancreatic volume and fatty infiltration 
of pancreatic tissue is seen more commonly in 
patients who are overweight or obese [59, 60]. 
Presently, it remains unclear how closely BMI 
and pancreatic steatosis correlate. Pancreatic ste-
atosis is associated with multiple diseases rang-
ing from cystic fibrosis to diabetes [59, 61]. 
Although there is no consensus as to whether 
increased pancreatic fat is clinically relevant, 
obesity appears to be an independent risk factor 
for the development and severity of pancreatic 
diseases, notably acute pancreatitis (AP) and 
pancreatic cancer (PC) [61].

 Acute Pancreatitis

In the last several decades, the incidence of acute 
pancreatitis (AP) has risen in parallel to the prev-
alence of obesity [62]. Patients with obesity have 
a higher incidence of pancreatitis. Obesity has 
several known mechanisms that contribute to the 
risk of acute pancreatitis. First, obesity is a known 
risk factor for biliary disease, specifically gall-
stones which cause acute pancreatitis by obstruc-
tion of biliopancreatic ducts [35]. Second, 
hypertriglyceridemia is a common lipid abnor-
mality in patients with visceral obesity [63]. 
Elevated lipid triglycerides can form micro-
thrombi in the pancreatic vasculature and subse-
quent ischemia [63]. Third, obesity and diabetes 
mellitus type 2 (DM2) are highly associated. 
DM2 increases the risk of AP by various mecha-
nisms including islet cell hypertrophy which can 
result in duct obstruction [64]. Other mechanisms 

include hypertriglyceridemia and medications 
for diabetes such as glucagon-like peptide-1 ago-
nists which have been implicated in drug- 
associated pancreatitis. Obesity is also an 
independent risk factor for the severity of AP as 
well as mortality from AP [65]. Increased intra- 
and peri-pancreatic fat is associated with a worse 
degree of pancreatic necrosis and systemic unsat-
urated fatty acid toxicity, respectively [64].

The association between obesity and the 
development of chronic pancreatitis (CP) is not 
well understood. One study found that patients 
with CP were more likely to have higher degrees 
of pancreatic fat [60]. However, BMI was not 
found to be significantly associated with CP [60]. 
The data on the association between pancreatic 
steatosis and CP is insufficient to conclude that 
pancreatic steatosis or obesity is an etiological 
factor for CP.

 Pancreatic Cancer

Pancreatic cancer (PC) is one of the most lethal 
malignancies with a 5-year survival rate of less 
than 10% [66]. Multiple cohort studies and meta- 
analyses have demonstrated a positive associa-
tion between BMI and risk of PC [67]. Geography 
and ethnicity appear to play a role in PC risk. A 
2016 meta-analysis found a relative risk of PC to 
be 1.07 and 1.18 for every 5  kg/m2 increase in 
BMI in North American and European-Australian 
populations, respectively, but no association with 
BMI in the Asia-Pacific group [68]. Some studies 
show a positive association between BMI and 
risk of PC in men but not in women [67]. 
Childhood obesity is an independent risk factor 
for PC [69]. With regard to the mechanism of PC 
in those with obesity, obesity is known to cause a 
pro-inflammatory state, and this chronic low- 
grade inflammation is thought to play a primary 
role in PC development. PC is promoted by the 
carcinogenic effects of adipokines, insulin resis-
tance, and IGF-1 [67]. Both prevention and treat-
ment of obesity may help to prevent the 
development of PC.  A meta-analysis involving 
over 10,000 PC patients showed physical activity 
to be weakly associated with a reduced PC risk; 
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this association was stronger for consistent phys-
ical activity over time [70]. The role of bariatric 
surgery in PC risk has not yet been clearly 
elucidated.

 Bowel Disorders

In the past two decades, new studies have 
emerged that redefine the relationship between 
the gastrointestinal tract and obesity. In addition 
to the gastrointestinal tract’s function in nutrient 
and calorie absorption, the gut microbiome also 
appears to be involved in the regulation of body 
weight [71]. Changes in the gut microbiome have 
been linked to pro-inflammatory states as seen in 
metabolic syndrome [71]. While there is still 
much more to be understood in the underlying 
mechanisms of the microbiome as a causal factor 
for obesity, it is also important to understand the 
impact obesity has on the gut itself. Here we dis-
cuss the complex relationships between obesity 
and four major diseases: colorectal cancer, diver-
ticular disease, inflammatory bowel disease 
(IBD), and Clostridium difficile infection (CDI).

 Colorectal Cancer

Multiple meta-analyses assessing obesity and 
CRC risk have consistently shown a significant 
increased risk of CRC in both men and women 
[72]. Relative risks of CRC in the setting of obe-
sity vary from 1.19 to 1.95 [72, 73]. In a meta- 
analysis of more than 4.7 million subjects, 
early-life obesity (obesity before the age of 25) 
was associated with a 39% increased risk of CRC 
in adult men (p < 0.0001) and a 19% increased 
risk of CRC in adult women (p  =  0.004) [74]. 
Obesity-related CRC has been linked to low 
physical activity and dietary habits such as higher 
consumption of red and processed meats [73]. 
Multiple hormones related to obesity have been 
implicated in the development of CRC, in par-
ticular insulin, adiponectin, leptin, ghrelin, and 
resistin [75]. When considering mechanisms of 
risk reduction, there is little evidence from ran-
domized clinical trials showing the effects of 

weight loss interventions on colorectal cancer 
incidence. A large prospective cohort study using 
data from the Women’s Health Initiative evalu-
ated the association between intentional weight 
change by lifestyle modification and obesity- 
related cancer incidence [76]. Compared to 
women with stable weight, women with inten-
tional weight loss had a lower risk of colorectal 
cancer (HR  =  0.79, 95% CI  =  0.63–0.99) [76]. 
However, there is a discordance on whether bar-
iatric surgery may affect incident CRC risk [77, 
78]. A potential mechanism of CRC risk reduc-
tion via bariatric surgery includes hormonal 
changes due to both structural and functional 
changes in the gastrointestinal tract. For example, 
IGF-I receptors are overexpressed in CRC sug-
gesting their involvement in the pathogenesis of 
CRC. Bariatric surgery may reduce levels of free 
IGF-1. Conversely, bariatric surgery may also 
cause increased gut-specific inflammation and 
dietary changes which contribute to an increased 
risk of CRC.  Additionally, certain gut bacteria 
directly promote colon carcinogenesis by 
immune regulation and toxin production [79]. 
Thus, modulation of the gut microbiota due to 
surgical manipulation may also contribute to 
CRC risk.

 Diverticular Disease

Diverticular disease of the colon is a complex 
disorder arising from multiple risk factors, 
though the exact pathogenesis is not known [80]. 
Diverticulosis refers to the presence of colonic 
diverticula, while diverticulitis refers to the pres-
ence of inflammation of diverticula. Genetics and 
lifestyle factors have both been implicated in the 
development of diverticular disease. A diet high 
in red meat and refined grains increases the risk 
of diverticular disease while a plant-based diet 
decreases risk [80]. Obesity, in particular central 
obesity, is associated with an increased risk of 
diverticular disease [81]. Diverticulosis has been 
shown to be independently associated with 
increasing visceral adipose tissue and subcutane-
ous adipose tissue [82, 83]. The odds of colonic 
diverticulosis in subjects with obesity is 40% 
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greater than those without obesity [83]. The 
mechanism by which obesity increases the risk of 
diverticulosis is unclear. However, the microbi-
ome in the setting of obesity has been hypothe-
sized to play an important role. Another theory is 
that increasing cytokines produced by adipocytes 
leads to delayed colonic motility and a subse-
quent increase in intraluminal pressure. Similar 
to diverticulosis, a large prospective cohort study 
of over 45,000 men demonstrated that BMI, waist 
circumference, and waist-to-hip ratio signifi-
cantly increased the risks of diverticulitis and 
diverticular bleeding [81].

 Inflammatory Bowel Disease

Approximately 15–40% of patients with IBD are 
also diagnosed with obesity [84]. Given that most 
studies evaluating the IBD population with obesity 
are retrospective in nature, it is unclear if obesity is 
a manifestation or a significant predictor of disease 
severity. Since obesity is associated with a pro-
inflammatory state, it has been postulated that this 
inflammation may be involved in the etiology of 
IBD. While one prospective cohort study demon-
strated no increased risk of incident ulcerative coli-
tis (UC) or Crohn’s disease (CD) cases in 
participants with obesity [85], others have demon-
strated an increased risk of CD among individuals 
with obesity, but no increased risk of UC [86]. 
Obesity has multiple implications on diagnostic 
imaging, severity of IBD, and treatment of patients 
with IBD. For instance, inflammatory markers may 
be elevated in patients with obesity irrespective of 
inflammation related to IBD disease [87]. Imaging 
access and quality may be compromised in patients 
with obesity. Not only do patients with obesity face 
challenges related to equipment weight limits, but 
layers of adipose tissue can result in poor image 
quality. Obesity may also result in a suboptimal 
response to therapies for IBD due to excess adipose 
tissue promoting rapid clearance of biologic agents 
[86, 88]. Cross-sectional and cohort studies have 
shown a statistically significant higher risk of IBD 
surgery-related complications and hospitalizations 
in patients with obesity versus controls with IBD 
without obesity [89, 90].

 Clostridium Difficile Infection

Clostridium difficile causes a diarrheal infection 
that manifests from asymptomatic, mild diarrhea, 
to fulminant disease. Commonly acknowledged 
risk factors include advanced age and alterations 
in the intestinal microbiome (e.g., antibiotic use) 
[91]. Obesity is often found to be a risk factor for 
hospital infections, although it is not a well- 
defined risk factor for Clostridium difficile infec-
tion (CDI). Previous studies have shown obesity 
to be associated with an increased risk of CDI 
[92]. One retrospective cohort study involving 
nearly 200 patients found that a BMI >35 kg/m2 
was 1.7-fold more likely to be associated with 
severe CDI compared to normal-weight or over-
weight counterparts (p < 0.005) [93]. The patho-
genesis of CDI in the setting of obesity has been 
thought to be related to disruption of the gut 
microbiome, persistent low-grade inflammation, 
and alterations in leptin signaling that affect 
immunity [92]. More recent studies challenge 
this notion. Based on a nationwide retrospective 
cohort study with 1.43 million patients, obesity 
was independently associated with a decreased 
risk of postoperative CDI [94]. In this study, the 
incidence of postoperative CDI was 0.36% in 
those with class III obesity compared to 0.56% in 
the normal-weight group (p for the trend from 
lowest to highest BMI group <0.001) [94]. A 
case-control study examining obesity as an expo-
sure risk for CDI found no statistically significant 
difference in the odds of acquiring CDI when 
those with obesity were compared to age and 
gender-matched controls [95]. Overall, the rela-
tionship and mechanism of obesity-mediated 
effects on CDI are both complex and likely to be 
mediated by additional factors that alter 
immunity.

 Conclusion

The relationship between obesity and diseases of 
the gastrointestinal tract is multifaceted and bidi-
rectional. While the gastrointestinal tract is itself 
a conduit for excess calorie absorption, obesity 
also contributes to gastrointestinal  complications. 
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Obesity is characterized by a chronic low- grade 
inflammatory state of adipose tissue [88]. Of the 
several compartments of body fat, visceral depos-
its have been found to be the most metabolically 
active and predictive of intestinal inflammation 
[96]. There is also growing interest in distin-
guishing “metabolically healthy obese (MHO)” 
individuals from those with obesity and meta-
bolic syndrome in order to more accurately assess 
the relationship between obesity and disease. A 
chronic pro-inflammatory state is thought to con-
tribute to the development of multiple gastroin-
testinal diseases in the setting of obesity. 
Furthermore, excess adipose tissue can lead to 
anatomical changes that alter organ function. It is 
important to note that evidence for the role of 
obesity in the development of gastrointestinal ill-
nesses is often based on observational studies 
which carry several limitations. In addition to the 
presence of confounding variables, BMI does not 
describe the composition of fat versus lean tis-
sues. Furthermore, dietary variables may have a 
significant effect on health but dietary composi-
tion is often not detailed in studies. Future studies 
are needed to better elucidate the mechanisms by 
which obesity influences diseases of the gut in 
order to better manage obesity and its related 
comorbidities.
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 Section 1: Clinical Evaluation 
of Obesity

 Introduction

The prevalence of adults aged ≥18 years delin-
eated into overweight or obesity based on body 
mass index (BMI) has steadily increased on a 
global scale. In the United States, in particular, as 
prevalence of obesity increases annually, predic-
tive models suggest 1 in 2 adults will have obe-
sity by the year 2030 [1, 2].

Obesity’s influence on the pathophysiology of 
multiple comorbidities, such as type 2 diabetes 
mellitus (DM2), non-alcoholic fatty liver disease 
(NAFLD), metabolic syndrome, hyperlipidemia, 

hypertension (HTN), and obstructive sleep apnea 
(OSA), has been well established [3]. Its deleteri-
ous effects on lifespan and quality of life, com-
pounded by its associated healthcare costs, warrant 
a recalibration of preventative, primary, and sub-
specialty fields of medicine to focus on identify-
ing, evaluating, and treating this multifactorial, 
multisystemic, chronic medical condition [3, 4].

 Approaching the Patient with Obesity

 Reducing Stigma
Weight bias is highly prevalent within the health-
care system. Preconceived notions about patients 
with obesity result in shorter clinic visits, dis-
missal of illness-related symptoms, and/or attrib-
uting them to weight, potentially creating a 
distrustful relationship between healthcare pro-
viders and patients [5–9]. Weight bias can be 
reduced by following these strategies:

• Acknowledging the complex, multifactorial 
causes of obesity, rather than attributing obe-
sity to poor personal choices [8]

• Using people-first language (i.e., addressing 
“people with obesity” rather than “obese 
people”)

• Furnishing waiting rooms with wide-berth 
seating and medical examinationrooms with 
scales and beds that accommodate weights 
≥400 lbs. (181 kg)
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• Providing appropriately sized blood pressure 
cuffs and gowns [9]

 Clinical Evaluation of Obesity

Vital Signs
Obtaining baseline and follow-up measurements 
of the following allows for a thorough assess-
ment of patients’ metabolic progress (Table 14.1):

Waist Circumference (WC)
A WC of ≥35 in in women and ≥40  in in men 
functions as an independent risk factor in the 
development of DM2, metabolic syndrome, and 
cardiovascular disease (CVD), as well as decrease 
in life expectancy of 3 years for men and 5 years 
for women on average [10, 11]. The WC is an 
inexpensive and fast way to assess central and vis-
ceral fat and can be measured at the halfway point 
between the iliac crest and the last rib [12, 13].

Waist-to-Hip Ratio (WHR)
A WHR is calculated by waist circumference 
(cm) divided by hip circumference (measured 
across the widest part of the buttocks) (cm). 
Abdominal obesity is defined as a ratio of 
>0.85  in women and >0.90  in men. The WHR 
serves as a risk factor for the development of 
CVD and DM2 [14, 15].

Body Mass Index
BMI correlates with body fat percentage in cer-
tain groups of patients. While it cannot discrimi-
nate between body fat and lean mass, it serves as 

a widely used diagnostic, classification, and risk 
assessment tool (Fig. 14.1) [16].

To garner a better assessment of an individu-
al’s metabolic health [17], BMI is best used in 
conjunction with other tools that evaluate body 
composition, such as the following:

• Waist circumference
• Bioelectric impedance, which runs an electric 

current throughout the body in order to clas-
sify body mass into fat, muscle, fat free mass, 
visceral fat, and resting metabolic rate

• Dual-energy X-ray absorption (DEXA) scan
• Computed tomography (CT)
• Magnetic resonance imaging (MRI)

Laboratory Evaluation
Recommended baseline screening laboratory 
tests include a complete blood count (CBC), 
comprehensive metabolic panel (CMP), hemo-
globin A1c (HbA1c), lipid panel, and thyroid- 
stimulating hormone (TSH). Additional testing is 
dependent upon underlying comorbidities. 
Cancer screening tests based on current standard 
guidelines are recommended.

Physical Exam
Physical exam findings aid in identifying possible 
underlying causes of obesity, obesity-related 
comorbidities, patterns of fat distribution (Fig. 14.2), 
and mechanical consequences of obesity.

 History
The initial assessment should include medical/
psychiatric history to determine underlying dis-
eases caused by or contributing to obesity, surgi-
cal history, and family history of obesity to 
evaluate for genetic causes. In addition, weight 
history and social history are important to obtain.

Weight History
• Onset of obesity (e.g., childhood, life events, 

pregnancy)
• Highest nonpregnant weight
• Rate of weight gain
• Frequency of weight cycling (i.e., dieting 

resulting in losing and regaining weight 
repeatedly)

Table 14.1 Vitals and measurements collected at each 
patient visit

Height (in. or cm)
Weight (lb or kg)
Heart rate
Blood pressure
Waist circumference
Hip circumference

BMI =
Weight (kg) x 703

Height (m)2

Fig. 14.1 BMI calculation
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• Current or history of eating disorders: 
anorexia, bulimia, binge eating, night eating 
syndrome, sleep-related eating disorder

• Methods used in previous weight loss attempts 
and sustained weight loss (e.g., weight loss 

medications, types of diets, bariatric surgery)
• Effect of weight on quality of life
• Nutrition (e.g., 24-hour food recall)
• Activity level, including both sedentary time 

and physical activity [20]

Fig. 14.2 Clinical tip: physical exam  – fat distribution 
and lipodystrophies (Image reprinted without changes 
from Wiedner et al., Differential diagnoses and treatment 
of lipedema, Plastic and Aesthetic Research (2020), under 

open access license Creative Commons Attribution 4.0 
International License (https://creativecommons.org/
licenses/by/4.0/) [18, 19])
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• Medications that cause weight gain and 
whether they can be replaced with weight- 
neutral medications or medications associated 
with weight loss (Table 14.2) [17, 21, 22]

NSAIDs nonsteroidal anti-inflammatory 
drugs, GLP-1 glucagon-like peptide-1, SGLT2 
sodium-glucose co-transporter 2, DPP-4 dipepti-
dyl peptidase-4, ACE angiotensin-converting 
enzyme, ARB angiotensin II receptor blocker, 
CCB calcium channel blocker, NNRTI non- 
nucleoside reverse transcriptase inhibitors, PI 
protease inhibitors, IM intramuscular, IUD intra-
uterine device [17, 21–23].

Social History
• Socioeconomic status
• Stresses related to occupation, relationships, 

etc.
• Life events contributing to weight such as 

recent death, family illness, upcoming wed-
dings, change of domicile, job transitions, 
divorce, etc.

• Mental health status, illicit substance use, 
smoking, and alcohol intake

• Disrupted circadian rhythms or sleep depriva-
tion [24–26]

 Section 2: Lifestyle Management 
of Obesity

 Introduction

The management of overweight and obesity 
begins with the identification of goals and the 
understanding that greater weight loss confers 
greater benefit [27, 28]:

•  Overweight without 
metabolic risk factors

Avoid weight gain

•  Overweight with metabolic 
risk factors

5–10% weight loss 
over 6 months

• Obesity 5–10% weight loss 
over 6 months

 Lifestyle Modification

The foundation of obesity management is life-
style modification. More frequent patient contact 
with providers has been shown to result in greater 
weight loss. Intensive lifestyle interventions 
(ILIs) are structured as 14 individual or group 
sessions over 6 months that provide patients with 
the knowledge and tools to address their weight 
[27, 29]. Nutrition, physical activity, and behav-

Table 14.2 Examples of medications associated with weight gain and their alternatives

Medications associated with weight gain and alternatives
Drug category Medications associated with weight gain Medications not associated with weight gain
Antipsychotics Thioridazine, olanzapine, quetiapine, 

risperidone, clozapine, lithium
Ziprasidone, lurasidone

Antidepressants Amitriptyline, nortriptyline, imipramine, 
doxepin, phenelzine, paroxetine, mirtazapine, 
lithium

Bupropion, fluoxetine, sertraline

Anti- inflammatories Glucocorticoids NSAIDs, inhaled or topical steroids
Antiepileptics Valproate, carbamazepine, gabapentin, 

pregabalin
Topiramate, lamotrigine, zonisamide, 
phenytoin, levetiracetam

Antidiabetics Insulin, sulfonylureas, thiazolidinediones, 
meglitinides

Metformin, acarbose, GLP-1 analogues, 
SGLT2 inhibitors, DPP-4 inhibitors

Migraines Pizotifen
Antihistamines Cyproheptadine, diphenhydramine Loratadine, decongestants
Antihypertensives Metoprolol, atenolol, propranolol, terazosin, 

nadolol
ACE inhibitors, ARBs, CCBs, carvedilol, 
nebivolol, diuretics

Antiretrovirals Integrase inhibitors, NNRTIs, PIs Not applicable
Contraception Medroxyprogesterone (IM), levonorgestrel 

(IUD)
Nonhormonal IUD

Changes in medication regimens should always be performed in consultation with the prescriber
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ior change are the three tenets of lifestyle 
modification.

 Nutrition
The best diet for weight loss is difficult to iden-
tify because of the different pathophysiologies 
that cause each individual’s obesity (i.e., varia-
tion in basal metabolic rates (BMR), different 
homeostatic and hedonic stimuli of food intake). 
Historically, the “calories-in vs. calories-out” 
model was widely touted, but there is increasing 
emphasis on the importance of both quantity and 
quality of calories. As far as quantity, a caloric 
deficit is required to achieve weight loss. Expert 
guidelines recommend a hypocaloric diet (e.g., 
1200–1500 kcal for women and 1500–1800 kcal 
for men) that achieves a deficit of 500–750 kcal/
day [27, 28]. Very-low-calorie diets (VLCD), 
which are typically ≤800 kcal/day and often uti-
lize meal replacements, are effective short-term 
options that should be performed only under 
medical supervision [27]. However, the type of 
calories consumed (i.e., carbohydrate, fat, or pro-
tein) may affect the quantity consumed, with 
some macronutrients resulting in greater satiety 
than others, thereby making a caloric deficit 
potentially more attainable.

The macronutrient composition of the “ideal” 
diet has long been debated. Historically, low-fat 
diets (<20–30% of total daily calories) [27] were 
recommended because of the positive association 
between limiting dietary fat and improvement in 
plasma cholesterol and cardiovascular risk [30]. 
Gold standard randomized controlled trials 
(RCTs) of long duration, such as Look Action for 
Health in Diabetes (Look AHEAD) and Diabetes 
Prevention Program (DPP), showed that sus-
tained low-fat diets resulted in weight loss and 
metabolic benefits, including improvements in 
blood pressure, lipid profile, and risk for diabetes 
[31–33]. In the landmark Look AHEAD study, 
50.3% of individuals randomized to ILI lost ≥5% 
of baseline weight at 8  years, as compared to 
35.7% in the control group [32].

However, a low-carbohydrate diet (≤150  g/
day or <40% of total daily calories) has become 
increasingly popular because of research sug-
gesting that not all calories are equal. For exam-

ple, calories obtained from carbohydrates, more 
so than fat or protein, stimulate insulin secretion, 
and insulin increases lipogenesis and suppresses 
lipolysis resulting in an accumulation of fat stor-
age. As such, a low-carbohydrate diet may pro-
vide a metabolic advantage to weight loss by 
reducing insulin levels [36, 37]. Meta-analyses 
comparing low-carbohydrate to low-fat diets 
have had conflicting conclusions depending on 
the protocols of the RCTs included [38, 39], 
which can vary from <20 g/day to ≤150 g/day of 
carbohydrate intake. However, the adoption of a 
very-low-carbohydrate diet (<20-50 g/day), such 
as the Atkins diet or ketogenic diet, has demon-
strated more weight loss than low-fat diets [40] 
but is limited by poor long-term adherence [41].

Within low-carbohydrate and low-fat diets, 
the relative contribution of protein varies. Studies 
have found that high protein intake (>1.0  g/kg/
day) is more effective than moderate protein 
intake (0.8–1.0 g/kg/day) for fat mass loss during 
weight loss and for fat-free mass preservation 
during weight maintenance [42].

Diets that avoid macronutrient restrictions, 
such as the Mediterranean, Dietary Approaches 
to Stop Hypertension (DASH), vegetarian, or 
vegan, demonstrate evidence-based benefits in 
obesity or obesity-related comorbidities [27, 43]. 
For example, the Mediterranean diet is associated 
with a roughly 30% reduction in CVD [34]. The 
DASH diet is a widely recommended interven-
tion for HTN, reducing systolic blood pressure 
by 5.5  mmHg and diastolic blood pressure by 
3.0 mmHg, independent of weight loss [35]. The 
United States Department of Agriculture (USDA) 
currently recommends the “MyPlate” strategy for 
general health [44]. With MyPlate, 50% of each 
meal comprises fruits and vegetables, 25% car-
bohydrates, and 25% protein.

Significant public interest has developed in 
the timing of food consumption, broadly known 
as intermittent fasting. Intermittent fasting uti-
lizes a variety of eating patterns to achieve a 
hypocaloric diet (Table  14.3). In alternate-day 
fasting, individuals adopt a hypocaloric diet 
every other day and eat a normal or higher caloric 
diet on the interceding days. With the 5:2 diet, 
two consecutive or nonconsecutive days of the 
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week are dedicated to low calorie intakes. The 
fast-mimicking diet is defined by an extended 
period (5–15 consecutive days) of a very-low- 
calorie diet, which may be repeated at regular 
intervals. Time-restricted feeding limits daily 
caloric intake to a specified window of food 
intake, commonly 8 hours, allowing the individ-
ual to fast for the remaining hours of the day. 
Greater caloric intake earlier in the day (e.g., 
larger breakfast and smaller dinner; early instead 
of late time-restricted feeding) results in more 
weight loss (about 2.5-fold over 12 weeks) and 
lower 24-hour glucose levels (about 20%) [45, 
46].

Overall, because RCTs have demonstrated 
little clinical difference in long-term weight loss 
among different macronutrient diet patterns when 
accompanied by a caloric deficit [43, 55, 56], 
multiple guidelines recommend any diet that pro-
vides the best adherence [27, 28]. Identifying the 
most effective diet requires individualized coun-
seling and regular feedback.

 Physical Activity
Increasing energy expenditure aids in the achieve-
ment and maintenance of a caloric deficit required 
for weight loss. Total energy expenditure (TEE) 
is partitioned into basal metabolic rate, diet- 
induced thermogenesis (DIT), non-exercise 
activity thermogenesis (NEAT), and exercise 

(Fig.  14.3). BMR is the minimum amount of 
energy required to maintain necessary physio-
logic functions at rest and is mostly determined 
by the amount of lean muscle mass. DIT is the 
energy utilized for the catabolism of food (5–15% 
of TEE). NEAT encompasses physical activities 
outside of exercise bouts (e.g., walking to the bus 
stop, fidgeting, housework) and can vary signifi-
cantly among individuals. While BMR is the 
largest contributor to energy expenditure at rest 
(45–70%), only exercise is significantly modifi-
able by lifestyle [57].

Cardiovascular Exercise
Physical activity as exercise is categorized as car-
diovascular exercise or resistance/strength train-
ing. Cardiovascular exercise is often described 
with three levels of intensity—light, moderate, or 
vigorous—that are expressed in terms of meta-
bolic equivalent of task (MET) (Table 14.4) [60]. 
The MET of a particular activity is its rate of 
energy expenditure compared to the rate of 
energy expenditure at rest. Light-intensity activ-

Table 14.3 Types of intermittent fasting

Pattern of eating
Alternate-day 
fast [47, 48]

Alternating days of very low caloric 
intake (−75% of baseline) with normal 
or increased caloric intake (+125% of 
baseline)

5:2 [49, 50] 2 days per week of hypocaloric intake 
(500–800 kcal/day) with 5 days per 
week of normal caloric intake; 
hypocaloric days can be consecutive or 
nonconsecutive

Fast- 
mimicking 
[51, 52]

Hypocaloric intake (classically 
600 kcal/day) for 5–14 days at a time, 
repeated monthly or “as needed”

Time- 
restricting 
feeding [53, 
54]

Limiting daily caloric intake to 
designated hours of the day, most 
commonly 8 hours of food intake 
followed by 16 hours of fasting; total 
caloric intake is not specified

Total Energy Expenditure (TEE)

45-70%

5-15%

BMR DIT NEAT Exercise

Fig. 14.3 BMR comprises 45–70% of TEE [58]. DIT on 
a mixed diet contributes 5–15% to TEE [59]. NEAT and 
exercise, components of physical activity, are targets of 
interventions to increase TEE. BMR, basal metabolic rate; 
DIT, diet-induced thermogenesis; NEAT, non-exercise 
activity thermogenesis
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ity is defined as MET <3.0, moderate-intensity 
activity is defined by MET 3.0–5.9, and vigorous- 
intensity activity occurs when MET is at least 
6.0. When counseling patients, light-intensity 
activity may be better described as “able to hold 
a conversation,” moderate-intensity activity as 
“able to talk but not sing,” and vigorous-intensity 
activity as “too out of breath to talk.”

The Department of Health and Human 
Services (DOHHS) Physical Activity Guidelines 
Advisory Committee provides evidence-based 
recommendations to prevent weight gain, achieve 
weight loss, maintain weight loss, and/or improve 
overall health with cardiovascular exercise [60].

The DOHHS recommends at least 150  min-
utes/week of moderate-intensity activity or 
75 minutes/week of vigorous-intensity activity to 
prevent weight gain (Table  14.4). At least 150 
minutes/week of moderate-intensity exercise is 
required to achieve weight loss and maintain 
weight loss, with many individuals requiring at 
least 300 minutes/week; these goals may also be 
attained with >75  minutes/week of vigorous- 
intensity exercise. Similar to patients’ responses 
to dietary changes and anti-obesity medication, 
individual response to exercise is heterogeneous. 
In the landmark Midwest Exercise Trial-1, for 
example, most men lost weight, but 50% of 
women gained weight with 225 minutes/week of 
moderate-intensity cardiovascular exercise [61]. 
Weight loss is also dose responsive in relation to 
exercise; more exercise results in greater weight 
loss [57]. When combined with modest hypoca-
loric diets, cardiovascular exercise is effective at 

stimulating more weight loss than diet alone [57, 
62].

While the DOHHS provides specific ranges 
for physical activity targets, data supports health 
benefits at all levels of activity regardless of 
weight loss [60]. For example, reducing seden-
tary time by walking for 2 minutes every hour is 
associated with a 33% reduction in all-cause 
mortality [63]. High-intensity interval training 
(HIIT) of 4-minute bouts is equally effective as 
moderate-intensity continuous exercise in reduc-
ing abdominal fat mass [64]. At least 150 min-
utes/week of moderate-intensity exercise 
consistently demonstrates benefits in all-cause 
mortality, CVD and CVD mortality, HTN, DM2, 
dyslipidemia, cancers (e.g., colon, breast, endo-
metrium, bladder, kidney, lung, stomach, esopha-
gus), cognition, dementia, anxiety, depression, 
sleep, bone health, physical function, and fall 
prevention [60].

Resistance Training (RT)
RT alone has demonstrated varied results in its 
effects on weight, body fat, and lean muscle mass 
[57]. RT without caloric restriction reduces body 
fat but not weight. When added to a hypocaloric 
diet, it does not provide additional weight or fat 
loss, but when added to a hypocaloric diet plus 
aerobic exercise, it does provide more weight 
loss than either modality alone.

Because weight loss is accompanied by a 
reduction in BMR [65] and BMR increases with 
more lean mass, RT may help in preventing 
weight regain. RT has been shown to increase 
lean muscle mass in isocaloric diets and mitigate 
lean muscle loss in hypocaloric diets, and a few 
studies have demonstrated its effect on increasing 
metabolism [66, 67].

 Behavior
In addition to nutrition and physical activity 
modifications, behavioral changes also assist in 
weight loss success. The tenets of behavioral 
treatment for obesity are goal setting, self- 
monitoring, and stimulus control [68]. Setting 
goals for behavior changes should be specific and 
feasible, with clear delineation of how, when, and 
where these goals will be achieved. Self- 

Table 14.4 Defined intensity levels of physical activity

Light intensity
Moderate 
intensity

Vigorous 
intensity

MET <3.0 3.0–5.9 ≥6.0
Patient 
exertion

Easily holds a 
conversation

Can talk 
but not sing

Unable to 
talk 
secondary to 
shortness of 
breath

Examples Leisurely 
walking, basic 
household 
chores

Brisk 
walking, 
dancing, 
bike riding

Running, 
climbing 
stairs

Abbreviations: MET metabolic equivalent of task
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monitoring of food intake, activity, and weight is 
strongly associated with weight loss and weight 
maintenance success, with greater success rates 
correlated to more frequent monitoring [68, 69]. 
The National Weight Control Registry (NWCR), 
a database of individuals who have lost ≥30 kg 
and maintained ≥13.6 kg lost for 5 years or more, 
found that 75% of participants weighed them-
selves at least once a week [70]. Stimulus control 
teaches patients to modify external cues in order 
to create an environment that is more conducive 
to behavior change. The classic example has 
patients identify highly palatable foods and avoid 
bringing them into the household. Other compo-
nents of behavior modification include problem 
solving therapy, cognitive restructuring, coping 
strategies, stress management, and sleep hygiene 
and may also provide benefit especially in weight 
loss maintenance [71].

 Section 3: Pharmacological 
Management of Obesity

 Introduction

In 2013, the American Heart Association (AHA), 
American College of Cardiology (ACC), and The 
Obesity Society (TOS) released a joint practice 
guideline on the management of overweight/obe-
sity in adults [27]. As described above, the initial 
intervention for all patients with overweight or 
obesity should be a comprehensive lifestyle pro-
gram, including behavioral and dietary modifica-
tions, as well as regular physical activity. 
However, given the adaptive physiological 
changes that occur with weight loss, such as 
decreased metabolic rate and upregulation of 
orexigenic hormones, lifestyle modifications 
alone may result in insufficient or unsustainable 
weight loss [72–74]. For these individuals, anti- 
obesity medications should be considered to 
counteract metabolic adaptations, improve adher-
ence to behavioral modifications, and help 
achieve clinically significant weight loss, defined 
as ≥5% total body weight loss (TBWL) [22].

Anti-obesity medications should be consid-
ered in individuals with a BMI ≥30  kg/m2 or 

≥ 27 kg/m2 with cardiovascular risk factors (e.g., 
HTN, insulin resistance, dyslipidemia, elevated 
WC) or obesity-associated comorbidities (e.g., 
OSA, NAFLD) if a comprehensive lifestyle regi-
men fails to result in ≥5% weight loss and 
improvement in health targets. Despite proven 
efficacy for anti-obesity medications, they are 
underused clinically [75]. Identifiable barriers 
include physician and patient reluctance to dis-
cuss obesity, lack of insurance reimbursement, 
medical contraindications, and adverse effects of 
the medications [76]. Joint guidelines released in 
2016 by the Endocrine Society, the European 
Society of Endocrinology, and The Obesity 
Society provide detailed clinical practice guide-
lines for the pharmacologic management of obe-
sity [22].

 Tailoring the Regimen to the Patient

The decision of which pharmacotherapy to initi-
ate is based on the patient’s unique challenges 
with weight loss, the presence of coexisting 
comorbidities or social habits, potential drug- 
drug interactions, and medication contraindica-
tions. Obesity is considered a chronic disease, 
and therefore a majority of agents have been 
approved for long-term use.

Once pharmacotherapy for weight manage-
ment is initiated, the following general prescrib-
ing guidelines should be followed:

• Reassess patients at regular intervals (prefer-
ably at least once monthly during the first 
3  months of treatment) to assess efficacy 
 (typically defined as ≥5% TBWL over 
3 months) and tolerability of the medication.

• If ineffective, intolerable, or unsafe, the medi-
cation should be discontinued, and another 
agent may be considered.

• There can be significant individual variability 
in response to medications for weight man-
agement. Lack of response to one medication 
should not preclude consideration of other 
medications.

• When a patient reaches a weight loss plateau 
(i.e., no weight loss over 1–3 months) or expe-
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riences weight regain, abrupt discontinuation 
of a medication may lead to increased weight. 
Instead, it is appropriate to consider dose 
escalation or the addition of another pharma-
cotherapy to target multiple pathways 
simultaneously.

• Once a desired weight has been achieved, the 
provider may consider reducing the dose of 
one or more medications or the number of 
overall medications the patient is on, though 
with great caution and careful attention to 
weight fluctuation and hunger/fullness.

• Given that obesity is a chronic disease, patients 
will require long-term treatment and follow-
 up to maintain weight loss and prevent or treat 
relapse.

 Medications

This topic is divided into two parts. Part A dis-
cusses medications that are approved by the Food 
and Drug Administration (FDA) for weight loss. 
Part B highlights medications used for the treat-
ment of DM2 that are associated with weight loss 
as many patients with obesity also have insulin 
resistance and/or DM2 (Tables 14.5 and 14.6).

 FDA-Approved Pharmacotherapy 
for Weight Management

Phentermine
Phentermine received FDA approval for weight 
management in 1959. It is approved for short- 
term use (3 months) in adolescents over the age 
of 16 and adults, as longer-term safety trials have 
not been performed. However, it is approved for 
chronic weight management in combination with 
topiramate and used long term in an off-label 
fashion with close monitoring. Phentermine is a 
sympathomimetic agent that results in hypotha-
lamic release of norepinephrine causing appetite 
suppression [87]. A number of structurally simi-
lar adrenergic agonists, including diethylpropion 
and phendimetrazine, are also available in the 
United States and global markets.

Efficacy
A meta-analysis of 9 studies from 1975 to1999 
found an average weight loss of 3.6  kg with 
phentermine 15–30  mg/day for 2–24  weeks of 
treatment [88]. A more recent, 28-week RCT 
comparing the efficacy of phentermine and/or 
topiramate monotherapy with phentermine/topi-
ramate combination therapy versus placebo 
found a weight loss of 5.45% with phentermine 
7.5 mg/day and 6.06% with phentermine 15 mg/
day, versus 1.71% with placebo [78].

Dosing and Precautions
Phentermine is available in capsule/tablet formu-
lation with recommended dosing of 15–37.5 mg 
daily. A low-dose 8 mg tablet is available for use 
up to 3 times daily. The lowest effective dose 
should be used with dose escalation based on 
managing hunger and weight plateaus. 
Phentermine should be avoided 6–8 hours prior 
to bedtime due to risk of insomnia. It is a Schedule 
IV controlled substance due to pharmacologic 
similarity to amphetamines. However, phenter-
mine at higher-than recommended doses and for 
prolonged duration (up to 21 years) has not been 

Table 14.5 Categorization of available weight loss 
medications

Part Medications
A. FDA-approved 
pharmacotherapy

Phentermine
Phentermine/topiramate
Orlistat
Naltrexone/bupropion
Liraglutide 3.0 mg

B. DM2 medications 
associated with 
weight loss

Metformin
SGLT2 inhibitors 
(canagliflozin, dapagliflozin, 
empagliflozin, and 
ertugliflozin)
Pramlintide
GLP-1 receptor agonists other 
than liraglutide 3.0 mg 
(liraglutide 1.8 mg, 
semaglutide, dulaglutide, 
exenatide, lixisenatide)

FDA Food and Drug Administration, DM2 type 2 diabetes 
mellitus, GLP-1 glucagon-like peptide-1, SGLT2 sodium- 
glucose transporter 2
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shown to result in addiction, intoxication, with-
drawal, or medication abuse [89].

Phentermine/Topiramate Extended 
Release
Phentermine/topiramate combination therapy 
was approved by the FDA in 2012 for chronic 
weight management. The phentermine/topira-
mate capsule is designed such that the phenter-
mine component peaks in the morning, while the 
topiramate component peaks in the afternoon 
[90]. Topiramate is FDA approved for the treat-
ment of epilepsy and for migraine prophylaxis. 
Although topiramate monotherapy has not been 
approved for weight management, topiramate 
can be successfully used without phentermine for 
weight loss. It can be particularly helpful in the 
off-label treatment of night-eating syndrome and 
binge-eating disorder [91, 92]. Topiramate is 
thought to cause weight loss via increased satiety 
and appetite suppression through a combination 
of enhanced GABA activity, glutamate receptor 
antagonism, blockage of neuronal voltage- 
dependent sodium channels, lipogenesis suppres-
sion, increased insulin sensitization and 
adiponectin secretion, and weak carbonic anhy-
drase inhibition [93].

Efficacy
The efficacy of phentermine/topiramate was 
evaluated in three RCTs:

• EQUIP: At 56  weeks, significantly more 
weight loss was seen with phentermine/topira-
mate 3.75/23 mg/day and 15/92 mg/day ver-
sus placebo (5.1% and 10.9% of baseline body 
weight, versus 1.6% with placebo). Several 
markers of cardiometabolic function (WC, 
systolic and diastolic blood pressure, fasting 
glucose, and cholesterol) significantly 
improved with phentermine/topiramate 
15/92 mg/day versus placebo [94].

• CONQUER: At 56 weeks, significantly more 
weight loss was seen with phentermine/topira-
mate 7.5/46 mg/day and 15/92 mg/day versus 
placebo (7.8% and 9.8% of baseline body 
weight, versus 1.2% with placebo). 
Significantly more study participants achieved 

≥5% and ≥10% TBWL with respective phen-
termine/topiramate doses versus placebo [80].

• SEQUEL: A 2-year extension study of the 
CONQUER trial. Weight loss of 9.3%, 10.5%, 
and 1.8% was seen with phentermine/topira-
mate 7.5/46 mg/day, 15/92 mg/day, and pla-
cebo. Significantly more patients in the 
treatment group achieved ≥5%, 10%, 15%, 
and 20% weight loss. The treatment group 
required fewer antihypertensive agents than 
the placebo group, despite having similar 
blood pressure readings at the study’s conclu-
sion. A decreased rate of incident DM2 was 
noted in the treatment group, with a reduction 
in progression to diabetes compared to pla-
cebo by 54% and 76% for phentermine/topira-
mate 7.5/46 mg/day and 15/92 mg/day. There 
was also a significant reduction in HbA1c in 
the treatment group versus placebo group for 
those with preexisting diabetes [95].

Dosing and Precautions
Phentermine/topiramate is available in a fixed- 
dose capsule. Dosing is initiated at 3.75/23 mg 
for 14 days, increasing to 7.5/46 mg for 12 weeks, 
with subsequent escalation as needed to 
11.25/69  mg and 15/92  mg. The 3.75/23 and 
11.25/69 doses are intended for titration pur-
poses. When discontinuing phentermine/topira-
mate 15/92 mg, the dose should be tapered to one 
dose every other day for 1 week before stopping 
in order to reduce the risk of precipitating a sei-
zure. Due to the phentermine component, it is a 
Schedule IV controlled substance in the United 
States [79].

Orlistat
Orlistat received FDA approval for the manage-
ment of obesity in adults 18 years and older in 
1999, and in adolescents age 12 and older in 
2003. Orlistat reversibly inhibits pancreatic and 
gastric lipases, preventing 30% of triglycerides 
from being digested and absorbed within the gas-
trointestinal tract.

Efficacy
In the XENDOS study, significantly greater 
weight loss with orlistat 120  mg TID than pla-
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cebo was seen at 1 year (10.6 kg versus 6.2 kg) 
[96]. This weight change remained statistically 
significant at the end of the four-year trial. 
Orlistat treatment was associated with a 37.3% 
risk reduction in the incidence of DM2. A meta- 
analysis of pharmacotherapeutic options for obe-
sity found that orlistat treatment was associated 
with a reduced incidence of DM2 and improved 
glycemic control, as well as improved cholesterol 
(total and LDL) and blood pressure [97].

Dosing and Precautions
Orlistat is available in capsule form at a recom-
mended dose of 120 mg TID, to be taken during 
or up to 1 hour after a meal containing fat. An 
over-the-counter half-dose formulation (60  mg 
TID) is also available that results in 25% TBWL 
with those with a BMI of 25 and above and 
18 years and older. Use is limited by gastrointes-
tinal side effects given its mechanism of action. It 
requires a 2- or 4-hour gap to prevent interference 
with the absorption of a number of medications, 
including levothyroxine, antiretroviral medica-
tions, antiepileptic agents, cyclosporine, and fat- 
soluble vitamins.

Naltrexone Sustained Release (SR)/
Bupropion SR
Bupropion, a norepinephrine and dopamine reup-
take inhibitor, was approved by the FDA for the 
treatment of depression in the 1980s, and for 
smoking cessation in 1997. Naltrexone, an opioid 
receptor antagonist, was approved by the FDA 
for the treatment of opiate dependency in 1984, 
and for the treatment of alcohol addiction in 
1994. The combination of naltrexone SR/bupro-
pion SR (N/B) was approved by the FDA for the 
treatment of obesity in 2014. Bupropion stimu-
lates hypothalamic proopiomelanocortin 
(POMC) neurons in the arcuate nucleus, which 
leads to release of alpha-melanocyte-stimulating 
hormone (α-MSH; a potent anorectic neuropep-
tide). Release of α-MSH has downstream effects 
of increasing energy expenditure and decreasing 
food intake. Naltrexone antagonizes an inhibitory 
feedback loop that limits bupropion’s anorectic 
properties [98, 99]. Combined, bupropion and 
naltrexone have a synergistic effect [98].

Efficacy
The combination of N/B was found to lead to sig-
nificant weight loss through four 56-week, phase 
3, multicenter, double-blind, placebo-controlled 
trials: Contrave Obesity Research (COR)-I, 
COR-II, and COR-Behavior Modification (COR- 
BMOD) and COR-Diabetes. COR-I, COR-II, 
and COR-BMOD evaluated patients with a BMI 
of 30 kg/m2 or greater or a BMI of 27 kg/m2 or 
greater and at least one weight-related comorbid-
ity. COR-Diabetes enrolled patients with a BMI 
of 27  kg/m2 or greater with DM2 and with or 
without dyslipidemia and HTN.

• COR-I: At 56 weeks, greater weight loss was 
seen with naltrexone SR 32  mg plus bupro-
pion SR 360  mg (N/B32) versus placebo 
(6.1% versus 1.3%, respectively). Significantly 
more subjects on N/B32 lost ≥5% body 
weight compared with placebo (48% versus 
15%) [84].

• COR-II: At 56 weeks, subjects on N/B32 had 
superior outcomes in mean changes in body 
weight versus placebo (6.4% versus 1.2%, 
respectively). A greater percentage of those on 
N/B 32  mg also achieved ≥5% weight loss 
versus placebo (50.5% versus 12.1%) [100].

• COR-BMOD: This study compared patients 
who received intensive group behavioral mod-
ifications in addition to medication or placebo. 
At 56  weeks, patients on N/B had superior 
outcomes (9.3% versus 5.1% weight loss; 
66.4% versus 42.5% lost ≥5% body weight on 
N/B versus placebo) [101].

• COR-Diabetes: Subjects on N/B lost more 
weight than subjects receiving placebo (5.0% 
versus 1.8%) and more subjects achieved 
≥5% weight loss on N/B versus placebo 
(44.5% versus 18.9%,). Subjects on N/B also 
had a greater reduction in HbA1c (0.6%) com-
pared to placebo (0.1%) [102].

Of note, all subjects on treatment in the COR 
trials achieved significant improvements in tri-
glycerides and high-density lipoproteins, and all 
trials except for COR-Diabetes found significant 
improvements in waist circumference, insulin 
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resistance index (HOMA-IR), and fasting 
insulin.

Dosing and Precautions
Each N/B tablet contains naltrexone 8  mg and 
bupropion 90  mg. Dosing is started at 1 tablet 
daily and increased by 1 tablet per week as 
needed up to a maximum dose of two tablets 
twice daily (naltrexone 32  mg and bupropion 
360 mg daily). It should not be prescribed if the 
patient is on or is planning to be on an opiate, 
opiate agonist, or partial agonist, as naltrexone 
can antagonize the effect leading to inadequate 
pain relief.

Although neither naltrexone nor bupropion is 
FDA approved as monotherapy for the treatment 
of obesity, off-label use of bupropion monother-
apy is used effectively as part of a tailored regi-
men based on a patient’s individual presentation.

Liraglutide 3.0 mg
Liraglutide is a glucagon-like peptide-1 (GLP-1) 
receptor agonist that was approved in 2010 by the 
FDA for the treatment of DM2 (liraglutide 
1.8  mg). In 2017, an additional indication was 
approved by the FDA for the use of liraglutide 
1.8 mg to reduce the risk of major adverse cardio-
vascular events in patients with DM2 and estab-
lished CVD. Liraglutide 3.0 mg was approved by 
the FDA in 2014 for the treatment of obesity.

Human GLP-1 is an incretin hormone secreted 
in the gut in response to nutrients with a half-life 
of 1–2  minutes. It binds to GLP-1 receptors 
which are expressed in various tissues throughout 
the body. GLP-1 slows gastric emptying at 1 hour 
and reduces food intake. GLP-1 regulates appe-
tite centers within the brain [103]. Peripherally, it 
stimulates insulin secretion and decreases gluca-
gon secretion decreasing energy storage. 
Liraglutide has 97% homology to human GLP-1, 
but with a half-life of approximately 13 hours.

Efficacy
The efficacy of liraglutide was demonstrated in 
the Satiety and Clinical Adiposity – Liraglutide 
Evidence (SCALE) trials which were RCTs con-
ducted over 56 weeks.

• SCALE Obesity and Prediabetes: This trial 
evaluated liraglutide 3.0  mg in patients with 
overweight or obesity and prediabetes; it 
found significantly greater weight loss with 
liraglutide 3.0  mg than with placebo (8.0% 
versus 2.6%) [86].

• SCALE Diabetes: This trial evaluated liraglu-
tide 3.0  mg in patients with overweight or 
obesity and DM2; it found significantly 
greater weight in the liraglutide 3.0 mg than 
with placebo (5.9% versus 2.0%) [104].

• SCALE Maintenance: This trial enrolled par-
ticipants with obesity or overweight and had 
dyslipidemia or HTN who lost at least 5% of 
initial weight during a run-in period of 
4–12 weeks (mean weight loss was 6%). After 
successful completion of the run-in period, 
participants were randomized to liraglutide 
3.0 mg or placebo for 56 weeks. Participants 
randomized to liraglutide 3.0 mg were more 
successful at maintaining weight loss versus 
those on placebo (81.4% versus 48.9%, 
respectively). In addition, participants receiv-
ing liraglutide 3.0 mg were more likely to lose 
an additional 5% or more of their body weight 
versus placebo (50.5% versus 21.8%) [105].

Dosing and Precautions
Liraglutide is administered once daily as a subcu-
taneous injection into the abdomen, thigh, or 
upper arm. It is initiated at 0.6  mg daily for 
1 week and then increased as needed by 0.6 mg 
weekly until a maximum dose of 3.0 mg daily is 
achieved. Titration can be slowed if the patient 
exhibits a response at a lower dose or if the 
patient experiences side effects.

 Diabetes Medications Associated 
with Weight Loss
In addition to GLP-1 receptor agonists, a number 
of medications that are approved for the treat-
ment of DM2, while not FDA approved for 
weight management, have been shown to be 
associated with weight loss. These medications 
can be considered as part of a weight-centric 
approach to treating diabetes [22].
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Metformin
Metformin, available in Europe since the 1950s, 
received FDA approval for the treatment of 
DM2 in adults in 1994, and for children over age 
10  in 2000. Numerous possible mechanisms by 
which metformin causes weight loss have been 
proposed. Metformin decreases hepatic gluco-
neogenesis, decreases intestinal absorption of 
glucose, and increases insulin sensitivity via 
increased peripheral glucose uptake and utiliza-
tion [106]. By improving glycemic control and 
decreasing circulating glucose levels, there is less 
glucose available for storage, and this may lead 
to subsequent weight loss [107]. By decreasing 
circulating insulin levels, metformin prevents 
postprandial hypoglycemia and associated 
hypoglycemia- induced hunger [108]. It has been 
shown to induce a catabolic state by increasing 
AMP-activated protein kinase [109]. Metformin 
also has hormonal effects that can influence hun-
ger, satiety, and weight setpoints. It has been 
shown to increase leptin sensitivity in rats and 
increase GLP-1 activity in humans [110, 111]. 
Most recently, rodent models have shown metfor-
min to increase circulating levels of GDF15, a 
peptide hormone which acts in the hindbrain to 
suppress appetite and increase energy expendi-
ture [112].

Metformin’s role in improving glycemic con-
trol is well established. Multiple studies have 
additionally found that metformin promotes 
modest weight loss and can confer a cardiometa-
bolic benefit in populations both with and with-
out diabetes. Metformin can be useful in 
mitigating medication-induced weight gain, 
including weight gain secondary to antipsychotic 
medications [113]. A meta-analysis of 13 studies 
in patients with overweight/obesity without an 
obesity-related comorbidity found that metfor-
min use was associated with a significant reduc-
tion in body weight (weighted mean difference 
2.33  kg) and BMI (weighted mean difference 
0.57 kg/m2) [114]. In the DPP, patients with over-
weight/obesity and prediabetes were randomized 
to receive standard lifestyle modification with 
placebo, standard lifestyle modification with 
metformin 850 mg twice daily, or intensive life-
style modification [115]. Total body weight was 

significantly reduced in the metformin group ver-
sus standard lifestyle at both 1 and 2 years (2.7% 
versus 0.43%, and 2.1% versus 0.02%, respec-
tively), albeit less than in the intensive lifestyle 
group. However, recently published long-term 
follow-up data found that the metformin group 
maintained a weight loss of 6.2% of baseline 
weight between years 6 and 15, compared to 
3.7% in the intensive lifestyle group and 2.8% in 
the placebo group [116].

Canagliflozin, Dapagliflozin, 
Empagliflozin, and Ertugliflozin
Canagliflozin, dapagliflozin, empagliflozin, and 
ertugliflozin are sodium glucose co-transporter 2 
(SGLT2) inhibitors. SGLT2 is expressed in the 
proximal tubule of the kidney and mediates reab-
sorption of the majority of the filtered glucose 
load. SGLT2 inhibitors promote renal excretion 
of glucose, which leads to modest weight loss 
and moderate decreases in blood pressure [117, 
118]. SGLT2 inhibitors are FDA approved for the 
treatment of DM2. These medications are not 
FDA approved for weight loss, but they have 
been associated with weight loss of 1–3  kg. 
Therefore, some providers prescribe these medi-
cations as part of a weight-centric approach to 
diabetes [119].

Pramlintide
Pramlintide is an amylin analogue that is FDA 
approved for the treatment of type 1 diabetes and 
insulin-treated DM2. Amylin is an amino acid 
peptide that is stored in pancreatic beta cells and 
is co-secreted with insulin. Amylin complements 
insulin in glucose regulation and leads to slowing 
of postprandial rise of glucagon, slowed gastric 
emptying, and reduction in food intake [120]. It 
also binds to receptors in the area postrema, 
which may contribute to satiety [121]. With amy-
lin, endogenous and exogenous sources of glu-
cose are better regulated, and insulin can match 
physiologic needs more closely. The effects of 
amylin are glucose dependent, so it is adminis-
tered with meals. Pramlintide is not FDA 
approved for weight loss but is associated with 
weight loss and therefore is used by providers as 
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part of a weight-centric approach to the treatment 
of diabetes.

Liraglutide 1.8 mg Daily, Semaglutide 
(Subcutaneous and Oral), Dulaglutide, 
Exenatide (Immediate Release 
and Extended Release), and Lixisenatide
GLP-1 receptor agonists are discussed in detail 
above under liraglutide 3.0 mg daily. While lira-
glutide 3.0 mg daily is a GLP-1 receptor agonist 
that is FDA approved specifically for weight loss, 
there are other GLP-1 receptor agonists that are 
FDA approved for DM2, which are associated 
with weight loss and may be prescribed as a 
weight-centric approach to the treatment of type 
2 diabetes. These medications include liraglutide 
1.8  mg daily, semaglutide (subcutaneous and 
oral), dulaglutide, exenatide (immediate release 
and extended release), and lixisenatide.

 Conclusion

The evaluation of individuals with obesity should 
include a detailed weight history and exam with 
special attention to signs or symptoms of obesity- 
related comorbidities. The cornerstones of weight 
management are lifestyle modifications guided by 
nutrition, physical activity, and behavioral counsel-
ing. As weight loss achieved by lifestyle modifica-
tions alone is often limited and difficult to maintain, 
anti-obesity medication is an additional tool to sup-
port patients in achieving and maintaining clinically 
significant weight loss in order to improve health.
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Endoscopic Management 
of Obesity

Russ Dolan, Pichamol Jirapinyo, and Janese Laster

 Introduction

Endoscopic bariatric and metabolic therapies 
(EBMT) provide an alternative weight loss strat-
egy to bariatric surgery when conservative mea-
sures such as diet and exercise have been 
unsuccessful or in the case of surgical ineligibil-
ity. These innovative techniques have gained 
popularity among physicians and patients alike 
due to reduced procedural and recovery times 
and lower risk of associated complications. The 
primary objectives of EBMT include (1) achiev-
ing meaningful weight loss and thereby (2) 
improving obesity-related comorbid conditions 
(i.e., hypertension, type 2 diabetes mellitus, non- 
alcoholic fatty liver disease). This group of thera-
pies typically requires endoscopic delivery and 
removal. The two most common gastrointestinal 
targets for therapeutic intervention are the stom-

ach and small bowel, with the majority of experi-
ence with gastric therapies. Although there are no 
currently FDA-approved small bowel interven-
tions, this is expected to change in the coming 
years as new techniques are refined. The follow-
ing is a review of endoscopic management of 
obesity highlighting currently approved devices 
and investigational products.

 FDA-Approved Gastric Therapies

 Intragastric Balloons (IGBs)

Intragastric balloons (IGBs) reached the market 
over 30 years ago and have evolved greatly since 
their inception. Despite years of use, the 
American Gastroenterological Association 
(AGA) recently published guidelines for their use 
in the management of obesity [1]. They are indi-
cated for short-term use (6–12 months) when tra-
ditional methods of exercise and dietary lifestyle 
modifications have been unsuccessful. Currently, 
in the United States, patients with a BMI between 
30 and 40 kg/m2 are eligible for IGB placement. 
Patients in Europe are eligible with BMI >27 kg/m2. 
Weight loss with IGB is primarily achieved 
through device space occupation within the stom-
ach as well as delayed gastric emptying, thereby 
generating early satiety, prolonged satiation, and 
subsequent reduced caloric intake [2, 3]. IGB use 
is recommended in conjunction with supervised 
dietary and behavioral modifications for sus-
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tained weight loss with new habit formation. 
Although they are often used as primary therapy, 
IGBs are also utilized as a bridge to gastric 
bypass surgery, more definitive EBMT proce-
dures, or to achieve weight loss prior to other 
elective surgeries or organ transplantation [1].

IGB placement requires careful patient selec-
tion to assure tolerability and achievement of 
defined weight loss goals. IGB contraindications 
include the presence of additional IGB; prior gas-
trointestinal surgery or bariatric surgery; the 
presence of gastric mass; large (>5  cm) hiatal 
hernia; active gastrointestinal inflammation (i.e., 
esophagitis, gastric ulceration, Crohn’s disease, 
etc.); motility disorders such as achalasia, cirrho-
sis, or severe coagulopathy; alcoholism or drug 
addiction; patients unwilling to take concomitant 
proton pump inhibitor therapy or pursue concom-
itant counseling and follow-up; and those who 
are pregnant or breastfeeding [4]. There are sev-
eral choices of IGB on the market, which include 
both fluid-filled and gas-filled options.

 Orbera Balloon
The Orbera balloon (Apollo Endosurgery, Austin, 
TX) was first FDA approved in 2015, initially 
named the Bioenteric intragastric balloon (BIB), 
and later renamed Orbera. It deploys as a single 
spherical fluid-filled (volume ranges 400–700 mL) 
balloon with free movement in the stomach and 
has a self-sealing external valve following catheter 
removal (Figs.  15.1 and 15.2). Following initial 
placement, the balloon is no longer adjustable. 
Both deployment and removal require endoscopy.

The Orbera balloon is intended to be used in 
combination with long-term behavioral and 
dietary modification to sustain durable weight 
loss. The maximum placement period recom-
mended is 6 months; however, there are Orbera 
balloons in the European market that can be 
placed for up to 1  year. The Orbera balloon 
achieved FDA approval shortly following the 
IB-005 pivotal study in 2015. This was a multi-
center, prospective, unblinded, randomized con-
trol trial consisting of 1:1 randomization 
comparing a 12-month behavioral modification 
program alone with the Orbera balloon (6 months 
with balloon in place; 6  months following bal-
loon removal) [4]. A total of 448 participants 

were enrolled in the trial. The study failed to 
meet the 95% confidence interval primary end-
point of mean percent excess weight loss (EWL) 
of at least 25% at 9 months in the Orbera group 
(mean EWL of 26.5% in Orbera vs 9.7% in con-
trol group at 9 months; p < 0.001). However, the 
Orbera group achieved significantly greater total 
body weight loss (TBWL) in comparison to the 
control group (mean TBWL 9.1% vs 3.4% at 
9 months; p < 0.001). Although there was signifi-
cant improvement in TBWL, the study did report 

Fig. 15.1 Orbera single balloon device. (Image used 
with permission from Apollo Endosurgery)

Fig. 15.2 Orbera single balloon device in situ. (Image 
used with permission from Apollo Endosurgery)
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a 15.1% early device removal rate predominantly 
due to device intolerance (5%) and the presence 
of adverse events including aspiration pneumonia 
(0.63%), gastric outlet obstruction (0.63%), gas-
tric perforation and sepsis (0.63%), abdominal 
infection with fluid positive for Candida (0.63%), 
and dehydration (1.3%).

Following FDA approval, the balloon has 
been trialed in several real-world studies, includ-
ing a retrospective safety and efficacy study in 
2018 with 321 patients across 18 centers [5] 
which reported a reduction in mean TBWL of 
11.8% at 6  months (EWL not reported), which 
was minimally improved from the pivotal study. 
The device removal rate at 6  months remained 
high at 16.7%, similar to the clinical trial. The 
American Society for Gastrointestinal Endoscopy 
Bariatric Endoscopy Task Force meta-analysis 
demonstrated the Orbera balloon surpassed pres-
ervation and incorporation of valuable endo-
scopic intervention thresholds by achieving >5% 
TBWL at 12  months as a nonprimary (bridge) 
therapy [6]. Specifically, the Orbera was shown 
to achieve 25.44% EWL and 11.27% TBWL at 
12 months.

 ReShape Dual Intragastric Balloon
The ReShape dual intragastric balloon (ReShape 
Medical Inc., San Clemente, CA) was initially FDA 
approved on July 28, 2015, as the first approved 
dual-balloon system filled with sterile saline and 
methylene blue solution (maximum 450  mL per 
balloon). Following removal of the ReShape 
Delivery Catheter, a mineral-oil based valve sealant 
prevents further adjustment. Endoscopic placement 
and removal are required. Eventual approval was 
primarily based on the REDUCE Pivotal Trial in 
2015, a double-blinded, prospective, sham-con-
trolled multicenter study of 330 subjects random-
ized in 1:1 fashion [7]. Reshape balloon retrieval 
occurred at 6 months, with an additional 6 months 
of dietary and exercise counseling post-removal. 
The mean intent- to- treat EWL at 6  months was 
25.1% in the treatment group versus 11.3% with the 
sham control group (13.9% mean difference; 
p  =  0.0041). The mean intent-to-treat TBWL at 
6 months was 6.8% versus 3.3% for the treatment 
and control groups, respectively.

Although the serious adverse event or non- 
accommodative device event rate was low (3.0%), 
35% of participants experienced gastric ulcer-
ations, almost entirely located at gastric incisura, 
which was suspected to be device related. This 
prompted alteration to a smaller, smoother, and 
softer distal device tip. This adjustment led to a 
74% reduction in ulceration rate. A real-world 
safety and efficacy study in 2018 subsequently 
demonstrated mean TBWL of 11.1% and mean 
EWL of 29.9% at 6 months [8]. This retrospec-
tive study included 202 adults that received treat-
ment with the dual intragastric balloon. Serious 
adverse events were uncommon; however, there 
was a single case of balloon migration that pre-
cipitated small bowel obstruction. Despite effi-
cacy and tolerance, the manufacturer removed 
the device from the market in 2019, focusing 
instead on single balloon liquid-filled options.

 Obalon Balloon
The Obalon balloon (Obalon Therapeutics, 
Carlsbad, CA) was FDA approved on September 
8, 2016. Like the Orbera, it is a spherical balloon 
with free movement in the stomach following 
placement (Fig.  15.3). However, the Obalon 
offers an alternative deployment option. Instead 
of endoscopic placement, the patient swallows a 

Fig. 15.3 Obalon balloons in situ. (Image use with per-
mission of Wolters Kluwer Health, Inc. and American 
Journal of Gastroenterology)
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thin capsule attached to an inflation catheter. 
Following dissolution of the gelatin capsule and 
radiologic confirmation of placement, the bal-
loon is insufflated with 250 mL of a gas mixture. 
Up to 3 balloons may be inserted simultaneously 
within the stomach. Despite a non-procedural 
option for deployment, the Obalon balloon 
requires endoscopic removal following the treat-
ment period.

The Obalon balloon maximum dwell period 
recommendation is 6  months. The balloon was 
first analyzed in a 12-week single-arm pilot feasi-
bility study of 17 patients who achieved signifi-
cant EWL at 4, 8, and 12  weeks and reported 
minimal side effects [9]. The Six-Month 
Adjunctive Weight Reduction (SMART) Trial in 
2018, a multicenter, prospective, sham- 
controlled, randomized trial, later amplified these 
results after enrolling 430 subjects who were ran-
domized to treatment (6 months Obalon balloon) 
versus sham (swallowed capsule without bal-
loon). Overall, 387 patients completed the study 
(198 Obalon, 189 sham) over 24  weeks, after 
which participants were unblinded, and the 
Obalon balloons were retrieved [10]. Continued 
diet and exercise counseling was performed 
between 24 and 48  weeks at the conclusion of 
study. The co-primary effectiveness endpoint was 
TBWL, with 6.6% for treatment subjects and 
3.4% for control subjects reported at 24  weeks 
(mean difference TBWL being 3.2%; p = 0.0354). 
The mean EWL was 24.1% for the treatment 
group versus 12.2% for the sham group.

 Effect on Obesity-Related 
Comorbidities
IGBs have been shown to induce weight loss and 
improve obesity-related comorbid metabolic 
conditions such as insulin resistance and hyper-
tension. This was demonstrated in a recent meta- 

analysis including 10 RCTs and 30 observational 
studies that reported a reduction in fasting hyper-
glycemia by 12.7  mg/dL and diastolic blood 
pressure by 2.9 mmHg [11].

 Balloon Selection
In an analysis by Bazerbachi et al., 4 IGBs were 
evaluated (2 fluid and 2 gas filled) across 15 tri-
als (seen in Table  15.1). Fluid-filled balloons 
demonstrated significant results (Orbera mean 
TBWL of 6.72% and ReShape mean TBWL of 
4% at 6 months) in comparison to one of the gas-
filled options (Obalon mean TBWL of 3.3% at 
6 months) [12]. The other gas-filled balloon, the 
investigational heliosphere, demonstrated a 
mean TBWL of 6.7% at 6 months; however, this 
was not significant. Notably, this meta-analysis 
demonstrated improved tolerance of the gas-
filled Obalon balloon in comparison to fluid-
filled balloons, with fewer adverse events and 
early device removals. Based on this study, pro-
viders are encouraged to discuss data on weight 
loss, tolerance, and baseline gastrointestinal 
complaints including bloating, nausea, and vom-
iting with patients prior to selecting saline-filled 
vs gas-filled balloons.

 Plication and Suturing

A more permanent endoscopic alternative to IGB 
therapy includes both plication and suturing tech-
niques, which achieve tissue apposition. The pri-
mary objective of these EBMTs is reduction in 
gastric volume, effectively providing a less inva-
sive alternative to the traditional surgical gastric 
sleeve. Additionally, there may be neurohor-
monal alterations that augment weight loss 
including changes in satiety hormones and insu-
lin sensitivity [13]. The most commonly 

Table 15.1 Comparison of FDA-approved intragastric balloons

Balloon Subtype Shape, volume
Balloon versus control at 6 months 
(TBWL %, confidence interval)12

Orbera Fluid- filled Single spherical, 400–700 cc 6.72 (5.55, 7.89)
ReShape Fluid- filled Dual spherical, 900 cc (450 cc × 2) 4.00 (2.69, 5.31)
Obalon Gas- filled Single spherical, 250 cc (up to 3) 3.30 (2.30, 4.30)
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performed procedures are the endoscopic sleeve 
gastroplasty (ESG), utilizing the Overstitch 
device (Apollo Endosurgery, Austin, TX), and 
Primary Obesity Surgery, Endoluminal (POSE), 
utilizing the Incisionless Operative Platform 
(IOP; USGI medical, San Clemente, CA). These 
techniques are indicated in patients with a BMI 
30–40 kg/m2 who desire a less invasive  procedural 
approach or who do not qualify for surgical inter-
ventions due to lower BMI class or significant 
comorbidities. A recent study has revealed that 
endoscopic plication and suturing can also be 
used in patients with BMI >40 kg/m2 (achieving 
20.5% TBWL at 1 year) as a bridge therapy to 
surgical approach or as primary treatment of obe-
sity [14]. Contraindications to these procedures 
are similar to those of IGBs and include prior 
gastric surgery, active gastritis, coagulation dis-
orders, pregnancy, and inability to maintain 
appropriate post-procedural care including medi-
cations and follow-up appointments [11].

 Endoscopic Sleeve Gastroplasty (ESG)
Endoscopic sleeve gastroplasty (ESG) utilizes 
the Overstitch device (Apollo Endosurgery, 
Austin, TX) for tissue apposition, which obtained 
initial FDA approval in 2017 for general use 
rather than specifically for primary ESG.  The 
ESG technique has been demonstrated to induce 
early satiety and delay gastric emptying, thereby 
reducing caloric intake [15] and producing sub-
sequent weight loss. There are now two versions 
of the Overstitch device, one requiring a double- 
channel endoscope (Fig.  15.4), occupying the 
large channel, and permitting use of the second 
instrument channel, and another that is suitable 
for a single- channel endoscope. The device has 
an attached curved needle driver that permits 
full- thickness suturing in an interrupted or run-
ning fashion (Fig. 15.5b). ESG serves as a rea-
sonable option for those who prefer a less invasive 
procedure or who are not surgical candidates. 
Additionally, this procedure may be more 

Fig. 15.4 Apollo overstitch device . (Images used with permission of Apollo Endosurgery)
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efficacious, more durable, and better tolerated 
than other endoscopic options such as IGBs.

The initial human safety and efficacy study 
evaluating ESG was published in 2018, consist-
ing of three phases [15]. Phase I established 
safety and efficacy with reported short-term 
weight loss. Phase II trialed varying stitch pat-
terns for technique refinement. Phase III estab-
lished technique conformity and weight loss 
outcomes. A total of 77 patients were included 
with demonstrated mean %TBWL of 16.2% and 
17.4% at 6 and 12 months, respectively. Although 
nausea and epigastric pain were common follow-
ing ESG, there were no significant adverse events 
during the procedure or in the months following 
the procedure.

Shortly after these initial analyses, a large 
international multicenter retrospective trial with 
112 patients demonstrated ESG to be a safe, 
effective, and reproducible for weight loss ther-
apy [16]. At 6 months, mean TBWL was 14.9% 
and EWL was 50.3%, which eclipsed the magni-
tude of weight loss seen with IGBs. Furthermore, 
there were far less gastrointestinal complaints of 
GERD, nausea, and abdominal discomfort [17, 
18] when compared to IGBs. Three (2.7%) sig-
nificant adverse events were reported during the 

follow-up period in this ESG study (two gastroin-
testinal hemorrhage cases, one 3 cm peri-gastric 
fluid collection formation).

The efficacy of ESG has now been repro-
duced across several studies, with meta-analy-
ses demonstrating 6-month TBWL of 15.1%. 
Relative EWL was 57.7% in one study [19] and 
TBWL of 14.47% and EWL 53.14% in another 
[20]. A low rate of serious adverse events was 
consistent across analyses, ranging from 1% to 
2.2% [19, 20].

 Primary Obesity Surgery Endoluminal 
(POSE)
Primary obesity surgery endoluminal (POSE) 
utilizes the incisionless operating platform (IOP; 
USGI medical, San Clemente, CA) for tissue 
apposition, which is currently undergoing clini-
cal trial for FDA approval in the United States 
and is widely utilized abroad. The IOP device is 
similar to an endoscope with a control handle to 
maneuver the flexible tube tip in both vertical and 
horizontal directions; however, this is much 
larger (54 Fr) owing to its four working channels 
that accommodate an ultra-slim endoscope for 
visualization and dedicated instruments required 
for tissue plication (Fig. 15.6). The physiologic 

a b

Fig. 15.5 (a) Endoscopic view of native stomach. (b) Endoscopic view after endoscopic sleeve gastroplasty with tubu-
lar configuration. (Image courtesy of Janese Laster, MD, Gut Theory Total Digestive Care, Washington, DC)
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alterations following the POSE procedure have 
been proposed to be predominantly neuroendo-
crine driven, as gastric emptying (although ini-
tially delayed at 2  months post-procedure) was 
not significantly reduced at 6 months. A signifi-
cant reduction in ghrelin secretion and post- 
prandial increase in peptide YY has also been 
demonstrated [21], although it remains unclear 
whether these changes are directly due to the 
 procedure or a product of weight loss itself.

The initial experience of POSE was published 
in 2013 as a single-center, prospective observa-
tional study that reported 6-month outcomes on 
safety and efficacy [22]. This study demonstrated 
a mean TBWL of 15.5% and mean EWL of 
49.4% at 6  months among 45 patients. There 
were no serious adverse events reported. This 
was followed by the MILEPOST trial in 2016, 
which was designed as a multicenter, prospec-
tive, unblinded trial randomized in 3:1 fashion 
between POSE and control (diet and exercise 
only) groups [23]. At 12 months, POSE demon-
strated a mean TBWL of 13.0%, compared to the 
control group with mean TBWL of 5.3%. 
Similarly, there was a significant increase in 
EWL (45.0%) compared with the control group 
(18.1%). Furthermore, this study demonstrated 
significant reductions in three satiety parameters 
(satiety volume, caloric intake, and satiety time) 
for individuals that underwent the POSE proce-
dure compared to control. A larger study of 147 
patients that underwent the POSE procedure 
were prospectively followed for 1 year at a single 
center. This study demonstrated similar results, 
with a TBWL of 15.1% and EWL 44.9% at 
12 months [24]. There were no serious short- or 
long-term adverse events, strengthening data 
regarding overall safety of the procedure. POSE 
also appears to be durable, with sustainable 
weight loss reported after 12 months [25].

 AspireAssist (AT)

The AspireAssist (AT) device (Aspire Bariatrics 
Inc., Exton, PA) obtained FDA approval on June 
24, 2014. This device assists in draining a portion 
of gastric contents through a gastrostomy tube 
following meals (Fig. 15.7). The “A-tube” is con-
nected to a gravity flow director system (via skin 
port) and is accessed 20–30 minutes postprandi-
ally with a goal to remove ~30% of meal con-
tents, which are then directly disposed of into a 
toilet bowl. The predominant weight loss mecha-
nisms include direct removal of ingested calories 
following a meal (through gastrostomy tube aspi-
ration) as well as behavioral modifications such 
as increased mastication, which prevents tube 
clogging, promotes slower consumption, and 
increases satiety thereby reducing caloric intake. 
The device is intended for long-term use along 
with adjunctive weight loss measures with exer-
cise and dietary modifications.

The AT device is indicated for adults >22 years 
of age with a BMI between 35 and 55 kg/m2 who 
have previously failed nonsurgical weight loss. 
Contraindications for AT include the presence of 
prior abdominal surgery that complicates gas-

Fig. 15.6 Incisionless operative platform. (Image cour-
tesy of Janese Laster, MD from HM Sanchinarro 
University Hospital, Madrid, Spain)

Fig. 15.7 Aspiration assist therapy device.  (Image use 
with permission of Wolters Kluwer Health, Inc. and 
American Journal of Gastroenterology)
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trostomy tube placement, history of refractory 
gastric ulcers, uncontrolled hypertension (blood 
pressure >160/110 mmHg), presence of esopha-
geal narrowing or stricture, gastric masses, pres-
ence of anemia or coagulopathy, or presence of 
bulimia/binge-eating disorders.

An initial single-center pilot study of 18 
patients, randomized in 2:1 fashion with AT device 
vs control group undergoing lifestyle  therapy only, 
was published in 2013 [26]. At 1 year after place-
ment, patients in the AT treatment arm experienced 
a mean TBWL of 18.6% and EWL of 49% com-
pared to TBWL of 5.9% and EWL of 14.9% in the 
control group. There were no reported serious 
adverse events or altered eating behaviors such as 
binge eating. Later, the PATHWAY Pivotal trial, a 
large, controlled, multicenter, open-label, prospec-
tive trial randomized in a 2:1 fashion between 
device and 1  year of lifestyle management con-
firmed similarly positive results [27]. After 
52 weeks, the AT group achieved a mean EWL of 
31.5% compared to the control group, which 
reported a mean EWL of 9.8%. The AT group 
achieved 12.1% TBWL compared to the control 
group of 3.5%. Serious adverse events were 
reported in 3.6% of the AT group. Adverse events 
noted included peristomal granulation tissue for-
mation, peristomal bleeding/irritation and infec-
tion, pain, nausea/vomiting, abdominal discomfort, 
and change in bowel habits.

A post-marketing study evaluating long-term 
(4 years) safety and efficacy results involving the 
AT device was published in 2018 [28]. This 
201-participant study was multicentered and pro-
spective in nature. After 4 years of follow-up, the 
mean TBWL was 19.2% (EWL not reported). 
There were 8 total serious adverse events reported 
including 7 participants who developed buried 
bumper syndrome which resolved with removal/
replacement of A-tube and 1 participant who 
developed peritonitis that resolved with a 2-day 
course of intravenous antibiotics.

 Comparison of Plication and Suturing 
Devices
A large meta-analysis involving the Overstitch 
ESG and POSE procedures was published in 
2019 and included 22 cohort studies involving 7 
different devices [29]. Comparative weight loss 

metrics favored ESG following 6- and 12-month 
outcomes, with an EWL at 6  months of 57.9% 
versus 44.4% (p  =  0.02) and at 12  months of 
68.3% versus 44.9% (p  =  0.04) for ESG and 
POSE, respectively. Another large meta-analysis 
that included 12 studies (1149 patients) that eval-
uated both ESG and POSE procedures was also 
published in 2019 [30] and found similar results, 
with ESG producing more overall weight loss. 
Following 6- and 12-month intervals, ESG pro-
duced mean EWL 49.67% and 52.75% (TBWL 
16.01% and 17.41%), respectively, compared to 
POSE, which resulted in mean EWL 43.79% and 
44.91% (TBWL 13.82% and 10.98%). Notably 
given nonuniformity of reporting adverse events 
across studies, this was not included in the 
meta-analysis.

 Transpyloric Shuttle (TPS)

The Transpyloric Shuttle (TPS; BAROnova Inc., 
San Carlos, CA), FDA approved on April 16, 
2019, is designed as a removable gastric implant 
(Fig. 15.8). Following endoscopic deployment, it 

Fig. 15.8 Transpyloric shuttle in situ. (Image use with 
permission of Wolters Kluwer Health, Inc. and American 
Journal of Gastroenterology)
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facilitates weight loss by positioning across the 
pylorus and inducing intermittent pyloric obstruc-
tion with subsequent delay in gastric emptying. 
This is accomplished by the presence of a flexible 
silicone catheter connected to both a small and 
large bulb, with the larger bulb remaining in the 
stomach. The size of the large bulb prevents 
device migration into the small intestine. 
Recommended duration of use is 12 months, fol-
lowed by endoscopic retrieval.

The TPS is indicated for adults with a BMI 
between 35 and 40  kg/m2 or between 30 and 
35 kg/m2 with one or more obesity-related comor-
bidities. It is intended to be used as an adjunctive 
measure to dietary and exercise lifestyle modifi-
cations. Contraindications to device use include 
prior surgery or endoscopic intervention that has 
altered esophageal, gastric or duodenal anatomy, 
structural abnormality in the esophagus or phar-
ynx (i.e., diverticulum or stricture), esophageal 
abnormality (i.e., erosive esophagitis, varices, 
eosinophilic esophagitis, telangiectasias), struc-
tural or functional disorders of the stomach (i.e., 
gastritis, gastric varices, hiatal hernia >4  cm, 
pyloric stricture, gastric mass, ulcers), untreated 
Helicobacter pylori infection, coagulopathy, con-
tinuous use with ulcerogenic medication (i.e., 
aspirin, NSAIDs), pregnancy or planned preg-
nancy or history of bulimia nervosa, binge-eating 
behavior, or other severe psychiatric disorders.

The TPS was initially studied in 2014, with 
the outcomes of 22 patients evaluated at 3- and 
6-months post-procedurally [31]. The achieved 
EWL was 41.0% and TBWL 14.5% at 6 months. 
Two patients required early device removal due 
to symptomatic gastric ulcerations that resolved 
following device removal.

The pivotal Endobesity II study in 2019 was a 
multicenter, double-blinded, prospective [32] 
study that enrolled 302 individuals (32 open- label 
following 270 randomized) in randomized, 2:1 
fashion favoring treatment with TPS vs control 
(sham endoscopic procedure in addition to exer-
cise/diet modifications). Following 12  months, 
the TPS group achieved a mean TBWL of 9.5% 
compared to 2.8% in the control group. Mean 
EWL was 30.9% in the TPS group compared to 
9.8% in the control group. There was a total of 9 

serious adverse events, including 1 esophageal 
rupture causing pneumothorax during unsuccess-
ful deployment and 4 gastric impactions that 
resolved following device removal.

 Hydrogel

Plenity (Gelesis, Boston, MA) is a novel orally 
administered three-dimensional hydrogel that 
uses two naturally occurring components, cellu-
lose and citric acid, to modify gastric contents 
following ingestion. As compared to natural 
fibers, which are typically linear in structure, 
Plenity absorbs larger fluid volumes, thereby 
operating as a space-occupying material that pro-
motes early satiety.

The Gelesis Loss of Weight (GLOW) pivotal 
study, published in 2019, was a 24-week prospec-
tive, multicenter, double-blinded, placebo- 
controlled, randomized trial involving 436 
patients (223 Gelesis, 213 placebo). At the end of 
the study period, Gelesis patients experienced 
greater %EWL (29.0% vs 21.0%) and %TBWL 
(6.41% vs 4.39%) compared to controls [33]. 
There were no serious adverse events reported. 
The results of this study helped Plenity achieve 
FDA clearance for individuals with BMI between 
25  kg/m2 and 40  kg/m2 on April 12, 2019, and 
was subsequently approved.

 Investigational Therapies: Gastric

New EBMT technologies targeting gastric anat-
omy and physiology are emerging rapidly, with a 
number of devices in the investigational phase of 
study. These include alternative IGB options 
along with devices for gastric tissue apposition 
and suturing.

 Intragastric Balloons (IGBs)

In addition to the FDA-approved IGBs previ-
ously discussed, other iterations of these space- 
occupying devices are being studied. These 
newer IGBs have innovative designs that allow 
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for post-procedure adjustment (Spatz adjustable 
balloon, Fig.  15.9) and alternative deployment 
and removal options (Elipse balloon, which can 
be swallowed and then degrades over time, 
Fig.  15.10). Additional options are also under 
investigation with a goal to alleviate adverse 
effects, improve tolerability, and reduce prema-
ture removal [34–38].

 Endosleeves

 Endomina
The Endomina device (Endo Tools Therapeutics, 
Gosselies, Belgium) has been developed as a 
novel endoscopic suturing platform utilizing a 
triangulation system that allows for operation 
within close proximity to the endoscope tip. It 
was evaluated as a suturing platform initially in 
the setting of gastric volume reduction [39] and 
later as an instrument for ESG in 51 patients in 
2018. The outcomes at 1-year revealed weight 
loss metrics of 29.0% EWL and 7.4% TBWL 
without severe adverse events reported.

 Endozip
An additional endosleeve device currently under 
investigation is the Endozip (Nitinotes Ltd, 
Caesarea, Israel), which serves as an automated 
endoscopic device that forms wall-to-wall longi-
tudinal attachments in the stomach and allows for 
reduced gastric volume. It was developed to pro-
vide ease of device operation (when compared to 
other suturing and plication devices) in creating a 
smaller gastric volume (Fig.  15.11) and subse-
quent weight loss, with a goal of increasing uni-
versal use among physicians trained in endoscopy. 
The device has been investigated in a single- 
center pilot study in 2020, which analyzed 11 
patients with BMI between 30 kg/m2 and 40 kg/
m2 and demonstrated 100% technical success and 
54.3% EWL and 16.2% TBWL at 6 months [40].

 Investigational Therapies: Small 
Bowel

In addition to a large spectrum of gastric devices 
developed for weight loss, there are also a num-
ber of small bowel devices under investigation. 
As the main gastrointestinal site for absorption of 
nutrients and glucoregulatory measures, the 
small bowel provides an opportunity for innova-
tive weight loss technologies. Although no small 
bowel devices are currently FDA approved, they 
are currently under investigation.

Fig. 15.9 Spatz3 adjustable balloon in situ. (Images use 
with permission of Wolters Kluwer Health, Inc. and 
American Journal of Gastroenterology)

Fig. 15.10 Elipse balloon in situ. (Images use with per-
mission of Wolters Kluwer Health, Inc. and American 
Journal of Gastroenterology)
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 Endoluminal Bypass Techniques

 Endobarrier
The Endobarrier (GI Dynamics, Boston, MA) 
has been developed as a duodenal-jejunal bypass 
liner composed of an ultra-slim Teflon sleeve 
anchored into the muscularis propria at the level 
of the duodenal bulb and extending 60  cm dis-
tally to bypass the duodenum and proximal jeju-
num (Fig.  15.12). It requires endoscopic 
placement and is intended for endoscopic 
removal at 12 months. The device was designed 
to mimic the excluded biliopancreatic limb of a 
Roux-en-Y gastric bypass surgery, and the mech-
anism for weight loss is proposed to be malab-
sorptive and neurohormonal. There have been a 
number of small randomized controlled trials 
investigating the Endobarrier for weight loss 
[41], and a large multicenter trial is currently 
enrolling participants to investigate the device’s 
role in refractory type 2 diabetes.

Although moderately efficacious in the short 
term with reported reductions in BMI of 3–5 kg/
m2 and hemoglobin A1C (HbA1C) of 1–2% over 
the course of 6–12 months, long-term durability 
of response remains unclear. A multicenter ran-
domized controlled trial with median duration of 
42  months in 2019 which included 29 patients 
demonstrated no significant weight loss (TBWL 
of 2.2%), suggesting diminished effect with lon-
ger duration [42]. This study was followed by an 

investigation of a longer device dwell time of 
24  months in 24 patients who were previously 
enrolled in the shorter study [43]. Although the 
weight loss achieved after 12  months remained 
stable through the 24 months, the rate of adverse 

a b

Fig. 15.11 Endoscopic view of gastric mucosa after Endozip plication. (Image courtesy of Ravishankar Asokkumar, 
MBBS from HM Sanchinarro University Hospital, Madrid, Spain and Singapore General Hospital, Singapore)

Fig. 15.12 Endobarrier (duodenal-jejunal bypass liner). 
(Image use with permission of Wolters Kluwer Health, 
Inc. and American Journal of Gastroenterology)
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events (including 2 patients with hepatic 
abscesses requiring hospitalization) increased 
during the second year of implantation and neces-
sitated a 45% early explanation in this cohort. 
Additional adverse events encountered during 
this study included partial migration [11], migra-
tion >5 cm [8], and abdominal pain, nausea, or 
vomiting.

Several meta-analyses have been performed, 
including one in 2016 of 5 RCTs (235 patients) 
and 10 observational studies (211 patients). An 
analysis of 4 RCTs demonstrated EWL of 12.6% 
compared to controls (diet alone) [44]. A large 
early explantation rate was also observed, with a 
total of 66 devices explanted early due to device 
migration, gastrointestinal bleeding, obstruction, 
abdominal pain, or investigator request.

 Endosleeve
The Endosleeve (Metamodix, Plymouth, MN) 
provides a similar mechanism to the aforemen-
tioned Endobarrier, in which a sleeve is anchored 
at the level of the pyloric sphincter and prohibits 
contact of food contents within the proximal 
small bowel. The device is currently undergoing 
preliminary investigation outside of the United 
States, and there is no data available on safety or 
efficacy at this time.

 ValenTx
ValenTx (ValenTx Inc., Maple Grove, MN) is a 
novel form of endoluminal bypass therapy 
designed to mimic the Roux-en-Y surgical bypass 
surgery. The device, implanted via endoscopy, is 
a 120  cm adjustable and removable sleeve 
anchored at the level of the gastroesophageal 
junction and designed to create an endoluminal 
gastro-duodena-jejunal bypass. After placement, 
food contents bypass the gastric lumen and proxi-
mal small bowel, emptying into the jejunum. A 
prospective, single-center, 1-year trial involving 
13 patients with mean BMI of 42 kg/m2 reported 
a EWL of 54%; however, 3 patients required 
early device removal secondary to intolerance, 
and an additional 4 patients had premature 
detachment [45]. No additional studies have been 

performed on the device, and to date, the device 
is not FDA approved and is undergoing initial 
investigation.

 Duodenal Mucosal Resurfacing 
(DMR)

Revita DMR (Fractyl, Lexington, MA) serves as 
a novel single-use balloon catheter designed to 
deliver hydrothermal therapy across the duodenal 
barrier with the intent to remove the excessive 
layer of mucosa that develops in the setting of a 
high-fat diet (Fig.  15.13). The procedure was 
developed in response to previous animal studies 
reporting proximal small bowel hypertrophy in 
the setting of diabetes highlighting the impor-
tance of the small bowel in glucoregulation [46].

To date, DMR has been studied predominantly 
in the diabetes setting, where it has been shown 
to be technically feasible and safe with an esti-
mated reduction in HbA1C values of 0.9–1.2% 
after 6–24  months [47, 48]. Investigation into 

Fig. 15.13 Duodenal mucosal resurfacing in situ. (Image 
use with permission of Wolters Kluwer Health, Inc. and 
American Journal of Gastroenterology)
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utility as a weight loss procedure will require 
future studies.

 Incisionless Magnetic Anastomosis 
System

The Incisionless Magnetic Anastomosis System 
(IMAS; GI Windows, West Bridgewater, MA) 
was developed as a self-assembling magnetic 
system that forms an octagonal shape following 
deployment. The system is designed to be deliv-
ered endoscopically via both upper endoscopy 
and colonoscopy. The two deployed linear 
“smart” magnets develop a self-forming octago-
nal ring and approximate one another, forming a 
partial jejunal diversion (PJD). This diversion 
maintains patency of the native path and allows 
food contents through the small bowel in addition 
to a partial diversion of contents into the ileum at 
an earlier phase, subsequently inducing secretion 
of peptide YY and glucagon-1 peptide, among 
other hormones.

The feasibility study in humans was published 
in 2017 and included 14 patients evaluated over a 
12-month period [49]. At 12 months, there were 
no serious adverse events reported, all PJD sites 
remained patent, and patients experienced an 
average TBWL of 14.6% and an average HbA1c 
reduction of 1.9%. The IMAS provides promise; 
however, it requires further investigation prior to 
FDA approval.

 Conclusion

Although diet and exercise lifestyle modifica-
tions remain the foundation of sustained weight 
management, many patients may benefit from 
procedural options, including both surgical and 
endoscopic techniques. The latter is an area of 
increasing interest, due to reproducibility, safety, 
efficacy, noninvasiveness, and decreased compli-
cation rates when compared to surgical alterna-
tives. Current FDA-approved EBMT modalities 
include intragastric balloons, endoscopic plica-
tion and suturing procedures, transpyloric bypass 

devices, and Plenity, with additional options 
undergoing active investigation.
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Surgical Management of Obesity

Danny Mou and Ali Tavakkoli

 Bariatric Surgery Is the Most 
Effective Treatment for Obesity

Obesity is a chronic disease that results from neu-
robehavioral, genetic, and environmental factors 
[1]. Obesity has become a global pandemic and 
contributes to increased mortality, morbidity, and 
healthcare costs [2–4]. The majority of the world’s 
population inhabit countries in which the conse-
quences of obesity outweigh those of malnutrition. 
Half a billion adults suffer from obesity globally, 
while one billion adults have a diagnosis of over-
weight [5]. In the USA, 93 million adults suffered 
from obesity in 2016 [6]. US medical costs associ-
ated with obesity is now over $100 billion annually, 
driven by obesity- associated comorbidities [7, 8]. 
Obesity is also a major risk factor for many medi-
cal comorbidities including type 2 diabetes (T2D), 
hypertension, Nonalcoholic Steateohepatitis 
(NASH), cardiovascular disease, and malignancy. 
Every 5 unit increase in BMI is estimated to 
increase mortality rate by 22% [9, 10].

Many studies have shown that bariatric sur-
gery is an effective treatment option for patients 

with morbid obesity who have failed medical 
management. Bariatric surgery outcomes have 
been shown to confer durable weight loss, induce 
remission of obesity-related comorbidities, 
improve quality of life (QOL), and prolong life 
expectancy [11]. Bariatric surgery volume has 
steadily increased in the USA from 158,000 cases 
in 2011 to 252,000 cases in 2018 [12]. Global 
bariatric surgery volumes have also increased. 
Among the International Federation for the 
Surgery of Obesity and Metabolic Disorder 
(IFSO) national members, there were an esti-
mated 685,000 annual operations in 2016 [13]. 
The majority of bariatric surgeries are now per-
formed laparoscopically, which has minimized 
surgical complications, reduced surgical morbid-
ity and mortality, and decreased length of hospi-
tal stay to 1–2 postoperative days [14, 15].

Current indications of bariatric surgery as 
established by the American National Institute of 
Health dictate that bariatric surgery should be 
offered to patients with a body mass index (BMI) 
of 35  kg/m2 who also have an obesity-related 
comorbidity including T2D, hypertension, or 
obstructive sleep apnea [16, 17]. For those with 
BMI of 40  kg/m2 or greater, bariatric surgery 
should be offered regardless of the presence of 
obesity-related comorbidities. As more bariatric 
surgery-related long-term data accumulate, these 
guidelines are being reconsidered with a joint 
statement by several international diabetic societ-
ies, recommending bariatric surgery in T2D 
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patients with BMI >30, and further reduced to 
27.5 for Asians who experience adverse meta-
bolic effect of obesity at a lower BMI.

 History of Bariatric Surgery

Since its inception, bariatric surgery has evolved 
significantly. Bariatric surgeons have refined sur-
gical techniques, developed novel procedures 
and devices, and standardized quality of care by 
establishing a nationalized accreditations system 
known as the Metabolic and Bariatric Surgery 
Accreditation and Quality Improvement Program 
(MBSAQIP) [15, 18, 19].

The first bariatric surgeries were performed in 
the 1950s. The concept of weight loss surgery 
emerged from patients who lost significant 
weight after undergoing bowel resections and 
other food restricting surgeries. These procedures 
were generally regarded as “restrictive” if there 
was a reduction in the gastric pouch size or “mal-
absorptive” if a portion of the intestine is 
bypassed. However, our current understanding of 
these mechanisms in the induction of weight loss 
has challenged this oversimplification; the clas-
sification continues to be used by many.

Dr. Kremen was credited for performing the 
first malabsorptive procedure, the jejunoileal 
bypass, in 1954 [16]. This procedure bypasses 
50–70% of small bowel while creating a long 
loop of bowel with a blind end. Though this pro-
cedure conferred significant weight loss, it also 
resulted in diarrhea and cirrhosis, which led to its 
eventual abandonment [20].

Dr. Mason was accredited for performing the 
first gastric bypass surgery in 1966 [21]. By hori-
zontally transecting the stomach and creating a 
bowel loop anastomosis to the proximal portion 
of the stomach, he achieved weight loss through 
both malabsorptive and restrictive methods. 
However, this anatomic configuration was prone 
to the development of bile reflux. This was 
addressed with the Roux-en-Y configuration, 
which promoted anterograde flow of bile and 
minimized its reflux into the stomach.

Several weight loss surgery variations were 
developed in the following years, including the 

biliopancreatic diversion in 1979 and the duode-
nal switch in 1993 [22]. Today, these procedures 
are infrequently performed and are usually indi-
cated for patients with BMIs over 50.

Restrictive surgical techniques include the 
horizontal gastroplasty and the vertical banded 
gastroplasty. These purely restrictive procedures 
were considered less invasive and more physio-
logic, as they avoided bowel manipulation. 
Another purely restrictive surgical approach for 
weight loss was known as the gastric band [15, 
18, 19, 23]. Started in 1978 in Europe, the gastric 
band gained significant popularity in the mid- to 
late 2000s when it accounted for about 40% of all 
bariatric operations in the USA [24]. This inter-
vention has since become less popular due to 
inadequate long-term weight loss and complica-
tions such as band slippage and erosion.

Laparoscopy has made a markedly significant 
impact in bariatric surgery. Laparoscopic tech-
niques enabled elective bariatric surgeries to 
have fewer complications, faster recovery, and 
decreased length of hospital stay. This has sig-
nificantly contributed to the popularity of bariat-
ric surgery [14, 15]. The first laparoscopic gastric 
bypass took place in 1994, and by 2004, laparo-
scopic bariatric surgeries exceeded open bariat-
ric surgeries [15, 18]. Today, over 95% of all 
bariatric surgeries are performed laparoscopi-
cally [12, 25].

 Contemporary Bariatric Surgeries

The most common bariatric surgeries performed 
today include the Roux-en-Y gastric bypass 
(RYGB), laparoscopic sleeve gastrectomy (LSG), 
and laparoscopic adjustable gastric banding 
(LAGB) [12].

 Roux-En-Y Gastric Bypass (RYGB)

RYGB is considered one of the most effective 
and durable bariatric surgeries to date. This pro-
cedure confers roughly 30% total body weight 
loss (TBWL) at 2  years. Significant technical 
refinements have been made to the RYGB over 
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the years. Though variations still exist, the size of 
the gastric pouch is 20–30 mL, often compared to 
the size of an egg to aid in patient understanding. 
The jejunum is transected 40–80 cm distal to the 
ligament of Treitz (Fig. 16.1). The distal end of 
the transected jejunum is anastomosed to the gas-
tric pouch. The proximal end of the transected 
jejunum is anastomosed to the distal jejunum 
(i.e., creating the jejuno-jejunostomy) to create a 
100–150 cm alimentary limb, or Roux limb.

The average reported weight loss after RYGB 
is 31% TBWL at 2  years and 26% TBWL at 
5  years. The mechanism through which RYGB 
induces weight loss was originally described as a 

combination of physical restriction of food intake 
and caloric malabsorption from the bypassed 
bowel. However, there is increasing evidence 
describing the significant neurohormonal impact 
of bariatric surgery on weight loss success. The 
changes in gut hormones contribute to profound 
alterations in metabolism, appetite, and satiety. 
Ghrelin, known as the hunger hormone, has been 
shown to be notably decreased in patients after 
RYGB [26, 27]. Changes in other incretin hor-
mones, such as glucagon-like peptide-1 (GLP-1) 
and peptide YY (PYY), alter satiety and glucose 
homeostasis [26–29]. Changes in bile salt levels 
and the intestinal microbiome have also been 
posited as potential contributors to weight loss.

Over the years, RYGB has become a much 
safer surgery, with current mortality rates at 
0.2%, similar to many common operations such 
as an appendectomy or knee arthroplasty. 
Complications early in the postoperative period 
include anastomotic leak, surgical site infections, 
bowel obstruction, thromboembolic events, and 
bleeding. The 30-day complication rate is 
approximately 3.4% for serious complications 
and 8.3% for all complications [30]. Anastomotic 
leaks, which were a major complication after this 
surgery, are now reduced with leak rates at <1%. 
Most bariatric procedures are performed with 
venous thromboembolism (VTE) prophylaxis. 
Therefore, the risk for VTE has decreased to 
0.04% [31, 32]. Length of hospital stay after sur-
gery is reduced to 1–2 days, with many patients 
able to discharge on postoperative day 1 and to 
return to work within 2–4 weeks.

Longer-term complications include marginal 
ulcers, internal hernias, vitamin and mineral defi-
ciencies, and dumping syndrome. Development 
of marginal ulcers at the gastrojejunal anastomo-
sis ranges from 0.6% to 7.6%. Risk factors 
include smoking, NSAID use, steroid use, large 
pouch size, and tension at the gastrojejunal anas-
tomosis [33, 34]. Marginal ulcers can be treated 
with avoidance of risk factors, proton pump 
inhibitors, and sucralfate. Rarely, marginal ulcers 
can lead to bleeding and intestinal perforation, 
which will require operative intervention.

Internal hernias, bowel herniation through a 
mesenteric defect, can lead to obstruction and 

Fig. 16.1 Depiction of a Roux-en-Y gastric bypass 
(RYGB)
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possible ischemia. This complication typically 
arises 2–3 years after RYGB in patients who have 
lost significant weight [35]. Presentation can be 
nonspecific abdominal pain. Given the potential 
for evolving ischemic bowel, a high index of sus-
picion is warranted [35, 36]. Abdominal CT scan 
with oral and intravenous contrast is helpful in 
the diagnosis of internal hernias. Urgent opera-
tive exploration is warranted for patients with 
internal hernia.

RYGB patients require long-term monitoring 
to ensure compliance with multivitamins. 
Postoperative patients are at risk for deficiencies 
in vitamin B12, iron, vitamin D, folate, zinc, cop-
per, and selenium which can be minimized by 
regular use of supplementation and lifelong 
annual bariatric follow-up [37–42]. Finally, 
dumping syndrome refers to a constellation of 
symptoms due to the rapid transit of chyme 
through the small bowel. Symptoms include nau-
sea, emesis, dizziness, light-headedness, abdomi-
nal pain, diarrhea, flushing, and palpitations. 
Early dumping takes place within 30 minutes of 
food ingestion and is secondary to rapid osmotic 
fluid shifts. Late dumping takes place 2–3 hours 
postprandially and is secondary to reactive hypo-
glycemia [43]. Of the RYGB patients, 10–20% 
experience early dumping syndrome, while 
5–10% experience late dumping syndrome [44, 
45]. Dumping syndrome can often be addressed 
with dietary adjustments such as increasing pro-
tein and fiber intake and initiation of small, fre-
quent meals. Should the symptoms be refractory 
to dietary changes, medical management can be 
initiated often using acarbose as the initial agent.

 Laparoscopic Sleeve Gastrectomy 
(LSG)

LSG was originally intended to be the first step of 
the biliopancreatic diversion. However, it was 
observed that patients lost a significant amount of 
weight with only this procedure, and it was thus 
adopted as a standalone procedure approximately 
10 years ago. The LSG is currently the most pop-
ular bariatric surgery performed in the USA.

This procedure confers a 20–25% TBWL at 
2 years with 5-year average weight loss of 18% 
TBWL. In this procedure, 80% of the stomach is 
vertically resected, resulting in a narrow gastric 
tube, often described as banana shaped 
(Fig.  16.2). No small bowel manipulation or 
resection is performed, and as a result, the sur-
gery is accomplished quicker than a RYGB. The 
mechanisms that yield weight loss continue to be 
investigated but include decreasing the secretion 
of hunger-related hormones such as ghrelin. 
Ghrelin is produced in the oxyntic glands of cells 
in the gastric fundus, much of which is removed 
during LSG.

Early surgical complications include bleeding 
from the staple line, gastric leak, as well as dys-
phagia due to sleeve strictures. Both staple line 
bleeding and gastric leaks occur in 1–3% of LSG 
patients [46–49]. Postoperative strictures can 
often be managed by endoscopic dilations. Long- 
term complications include vitamin deficiencies 
and exacerbation of reflux symptoms. Persistent 
abdominal pain, nausea, and emesis can also 
occur due to sleeve stenosis. Such stenosis typi-
cally occurs at the incisura area of the sleeve and 
can often be addressed with endoscopic dilation 
[50].

Fig. 16.2 Depiction of a laparoscopic sleeve gastrec-
tomy (LSG)
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Similar to RYGB patients, LSG patients are at 
risk for deficiencies in vitamin D, iron, folate, 
and vitamin B12 [39, 41, 51]. There is evidence 
that 32% of patients suffering from mild gastro-
esophageal reflux disease (GERD) may have 
worsened symptoms after LSG [52]. But there is 
also evidence that after LSG, reflux symptoms 
can improve as well, presumably due to overall 
weight loss. Due to these mixed results, surgeons 
are often cautious when recommending a LSG in 
patients with severe preoperative reflux symp-
toms and often perform a careful intraoperative 
assessment at the time of a LSG with the goal of 
repairing a hiatal hernia if identified. In a position 
piece, the ASMBS did not state a strong opinion 
on whether GERD should be deemed a relative 
contraindication to LSG [53].

Given its lower technical complexity relative 
to the RYGB, LSG has become the most com-
mon bariatric surgery performed in the USA. Of 
all bariatric surgeries performed, LSG increased 
from 33% in 2012 to over 60% in 2018 [12].

 Laparoscopic Adjustable Gastric 
Banding (LAGB)

LAGB uses a silicone ring with an inflatable bal-
loon that is placed 1–2  cm below the gastro-
esophageal junction to create a small superior 
gastric compartment (Fig. 16.3). This reservoir is 
approximately 30 mL in volume. Constriction of 
the band can be modified by injecting or aspirat-
ing saline from a port placed in the subcutaneous 
tissue. The port is attached to the inflatable bal-
loon around the ring, which can be inflated or 
deflated to achieve the desired level of constric-
tion. This procedure can result in early satiety, 
which leads to weight loss. However, long-term 
data have revealed that weight loss from LAGB is 
less than alternative surgical procedures and may 
not be as durable. LAGB results in 15% TBWL at 
2 years and 10% at 5 years. The poor long-term 
weight loss outcomes and need for frequent band 
adjustments have contributed to the decline in 
popularity of LAGB.

Furthermore, LAGB outcomes have shown 
late postoperative complications, including band 

slippage and erosion. These complications often 
result in band removal and possibly conversions 
to other weight loss surgeries. In a retrospective 
study of 19,000 LAGB operations, 34% required 
surgical revision in 7 years [54]. The combina-
tion of suboptimal efficacy and concern for com-
plications has decreased the popularity of 
LAGB. Of all bariatric surgeries performed in the 
USA, the percentage of LAGB placements has 
decreased drastically, from 35% of all bariatric 
operations in 2011 to 1.1% in 2018 [12].

The Patient-Centered Outcomes Research 
Institute (PCORI) recently funded the national 
Patient-Centered Clinical Research Network 

Fig. 16.3 Depiction of a laparoscopic adjustable gastric 
band (LAGB)
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(PCORnet) Bariatric Study to compare the out-
comes of RYGB, LSG, and LAGB. This longitu-
dinal study of 40,000 patients demonstrated that 
at 5  years after surgery, RYGB conferred the 
most weight loss (26% TBWL), with LSG (19% 
TBWL) and LAGB (12% TBWL) trailing in 
effectiveness. However, RYGB also resulted in 
the highest 30-day major adverse event (5.0%) 
compared to LSG (2.6%) and LAGB (2.9%) [55]. 
Thoughtful assessment of risks and benefits 
should be undertaken to determine the most 
appropriate bariatric surgery for each individual 
patient [55]. Table 16.1 summarizes some of the 
important considerations when reviewing surgi-
cal options with patients.

 Revisional Operations for Weight Gain
Bariatric surgery patients who experience com-
plications, weight regain, or insufficient weight 
loss are considered treatment nonresponders and 
may be considered for revisional procedures and 
reintervention [56]. Despite this general recom-
mendation, there is not a well-defined guideline 
of the degree of weight regain that warrants rein-
tervention [57]. Although post-bariatric surgery 
weight regain is often attributed to patient eating 
habits and diet, it is most likely multifactorial, 
including procedure type as well as patient geno-
types and baseline hormonal levels. In a study of 
100 RYGB, our group has shown that preopera-
tive hormones such as glucagon can predict the 
risk of postoperative weight regain highlighting 
the role of biological drivers of weight regain 
[58].

All modifiable risk factors should be opti-
mized prior to pursuing reoperation [56, 59]. 
Specifically, for RYGB, weight regain has been 
attributed to gastric pouch dilatation, dilated gas-
trojejunal anastomosis, and gastro-gastric fistula. 
Although data supporting these hypotheses are 
mixed, endoscopic interventions to reduce gastric 
pouch size or a dilated anastomosis have gained 
popularity. These endoscopic approaches are typ-
ically the preferred approach for intervention due 
to high surgical complication rates. For gastro- 
gastric fistulas, endoscopic approaches have not 
been successful and surgical take down of the 
fistulas remains the gold standard [60, 61]. 
Though revisional bariatric surgeries certainly 
have a role in obesity management, they are asso-
ciated with increased risk of complications. 
Therefore, thoughtful discussions with patients 
are necessary to clarify their goals, risks, and 
benefits, prior to committing to additional surgi-
cal intervention [62, 63].

 Impact on Metabolism

Data has shown that bariatric surgery also signifi-
cantly impacts the various metabolic syndrome- 
related comorbidities [64, 65] in addition to 
weight loss. The Longitudinal Assessment of 
Bariatric Surgery (LABS) showed that at 7 years 
following RYGB surgery, patients maintained 
remission of multiple comorbidities including 
60% for T2D, 63% for hyperlipidemia, and 32% 
for hypertension [66]. A meta-analysis of ran-

Table 16.1 Relevant information to consider when selecting bariatric surgery for patients

Laparoscopic adjustable 
gastric band (LAGB)

Laparoscopic sleeve 
gastrectomy (LSG)

Laparoscopic Roux-en-Y 
gastric bypass (RYGB)

Length of surgery <1 hour 1 hour 1.5–2 hours
Time in hospital 0–1 day 1–2 days 1–2 days
%TBWL at 1 year Around 15% Around 25% Around 31%
Risk of major adverse events 2.9% 2.6% 5%
Risk of death <0.05% 0.1–0.3% 0.2–0.5%
Long-term rates of T2D remissiona 65% 84% 86%
Postoperative adverse events Slipped band

Band erosion
Can cause reflux
Strictures/twists
Leaks

Dumping syndrome
Ulcers
Internal hernias

aT2D remission at some point in 5 years after surgery
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domized control trials reveal that LSG patients 
achieve 46% remission in T2D 5 years after sur-
gery [67].

The impact of bariatric surgery on T2D is 
well described. The procedure improves insulin 
sensitivity and often induces T2D remission 
[20, 23, 34, 35]. The precise mechanism of this 
process is poorly understood. It was initially 
thought that the weight loss itself was the pri-
mary contributor to T2D remission, but it has 
been observed that bariatric surgery confers 
immediate  improvement in T2D that appears to 
be independent of weight. This is likely due to 
the neurohormonal impact of the surgery [23–
26, 36]. The remarkable T2D remission rates 
reported have been confirmed in several ran-
domized studies when comparing T2D patients 
who received intensive medical therapy, to 
patients who underwent RYGB and LSG who 
achieved significantly higher rates of remission, 
and for those not in remission, they required less 
T2D-related medications and achieved superior 
glycemic control [68–70]. Furthermore, the 
Longitudinal Assessment of Bariatric Surgery 
(LABS) study evaluated weight loss and changes 
in co-morbid conditions in 2348 patients 7 years 
after RYGB and LAGB. Of the RYGB patients, 
60% achieved T2D remission, though this was 
not observed in LAGB patients [66].

 Other Benefits of Bariatric Surgery

Beyond weight loss and improvement of various 
obesity-related comorbidities, bariatric surgery 
also confers longer life expectancy. In a longitu-
dinal study that followed over 2000 patients with 
obesity compared with case-matched controls 
over 11  years, it was found that patients who 
underwent bariatric surgery had a decreased mor-
tality (hazard ratio = 0.76) [71]. Another observa-
tional cohort study of 1000 patients with 5 years 
follow-up revealed an 89% decrease in the rela-
tive risk of mortality [72]. Additionally, in a large 
retrospective study with 8000 patients per arm 
comparing RYGB patients with nonsurgical con-
trols matched for age, sex, and BMI, it was found 
that all-cause mortality was reduced by 40% in 

the RYGB group. With this mortality decline, 
there was a 56% reduction of mortality related to 
coronary artery disease (CAD), 92% reduction of 
mortality related to T2D, and 60% reduction of 
mortality related to cancer [73].

Bariatric surgery has also been shown to 
decrease systemic inflammation and reduce 
obesity- related cancer incidence [74, 75]. A 
meta-analysis of over 105,000 patients followed 
over 12 years revealed that bariatric surgery led 
to a 27% reduction of colorectal cancer [75]. 
Similar benefits have been described in the 
reduced rates of breast cancer, endometrial can-
cer, and pancreatic cancer [76, 77].

 Expanded Indications for Bariatric 
Surgery

Childhood obesity has increased drastically in 
the past 40 years [3]. In the USA, nearly 1 in 5 
adolescents have obesity [78]. The ASMBS has 
published revised guidelines for bariatric surgery 
in the pediatric population [79]. Current guide-
lines recommend that bariatric surgery should be 
considered for adolescents with similar guide-
lines to those of adults: BMI >35 with comorbid-
ity or BMI >40. Extensive multidisciplinary team 
involvement is strongly recommended. There is a 
growing consensus that obesity is a disease that 
often requires intervention beyond healthy eating 
habits. There is accumulating evidence of the 
effectiveness of bariatric surgery in the adoles-
cent population [80–82].

 Utilization of Bariatric Surgery

Despite the benefits of bariatric surgery, only 1% 
of medically indicated individuals ultimately 
undergo this intervention. Barriers to bariatric 
surgery include lack of patient education, lack of 
experience with this intervention from referring 
providers, insurance barriers, limited access for 
care, and a perception that bariatric surgery often 
leads to severe complications [83–85]. Further 
studies are needed to understand the barriers to 
obtaining this therapy [86, 87].
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Though bariatric surgery may not be cost sav-
ing, it has been shown to be cost effective [88]. 
Unfortunately, health insurance companies are 
inconsistent in their coverage for bariatric sur-
gery [86]. Patients with public insurance and 
patients who belong to racial and ethnic minority 
groups are less likely to receive bariatric surgery 
compared to Caucasians [89]. These findings 
may be confounded by geographic variations [90, 
91]. Further studies are needed to assess dispari-
ties in access to bariatric surgery.

 Conclusion

Over the past few decades, bariatric surgery has 
proven to be effective, safe, life saving, and life 
improving. Further research is needed to under-
stand the mechanisms behind its various meta-
bolic benefits. Importantly, bariatric surgery is 
severely underutilized and education for patients 
and providers should be prioritized.
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 Introduction

In the late 1960s, Dudrick et  al. successfully 
infused total parenteral nutrition (PN) in a 
1-month-old infant with small bowel atresia for 
at least 5 months [1]. Since its initial inception, 
PN has now evolved to include three major com-
ponents, namely, macronutrient, micronutrient, 
and fluid. The macronutrient component consists 
of carbohydrate, lipid, and protein, the micronu-
trient component is made up of multivitamins 
and trace elements, and the volume comprises 
sterile water with or without electrolytes.

Since the proven clinical application of PN in 
malnourished postoperative patients, its use has 
evolved from a supplement in patients whose oral 
or enteral intake is less than 60% requirement to 
total nutrition support in patients who have non-
functioning gastrointestinal tract (GIT) [2, 3]. 
Previous attempts of PN infusion were compli-

cated by erroneous mixtures of macronutrients 
causing phlebitis or embolic event [1]. 
Establishing adequate venous access proved to be 
an additional challenge to provide PN therapy for 
hypertonic nutrient administration. This was 
eventually resolved by subclavian vein catheriza-
tion to minimize thrombotic complication associ-
ated with peripheral PN infusion.

 Routes of Infusion

Parenteral nutrition can be infused peripherally 
or centrally. The route of administration is deter-
mined by its osmolarity. Peripheral PN has a 
similar composition to that of central PN but has 
a lower caloric concentration and higher volume 
to allow for peripheral administration. As a gen-
eral rule, the osmolarity of peripheral PN should 
be between 600 and 900 mOSM to avoid the risk 
of thrombophlebitis [4]. Therefore, adequate 
peripheral venous access is required to avoid 
complications and to maintain patient tolerance 
of large volumes of PN. Due to the lower caloric 
concentration of PN, it is utilized for short peri-
ods (up to 2 weeks) as a supplement to oral or 
enteral intake or as a bridge to central PN. Central 
PN is higher in caloric concentration and is used 
to provide all nutritional needs, often referred to 
as total PN. Central PN is hyperosmolar (greater 
than 1000 mOsm) and requires infusion via a 
large-diameter vessel, such as the superior vein 
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cava (SVC) or small peripherally inserted central 
venous catheters (PICC). Infusion of central PN 
into large-diameter vein allows higher rate of 
infusion and is the preferred route of administra-
tion for patients who require PN support for 
greater than 7 days.

 Types of Parenteral Nutrition

There are both ready-to-use PN and compound 
PN formulations available for use. Ready-to-use 
PN has a fixed number of calories with or without 
electrolytes and is available for central or periph-
eral PN use. The macronutrients are separated 
into chambers by an internal membrane that is 
broken just before its administration to mix the 
components. The mixing is done prior to admin-
istration to prevent metabolic instability that may 
occur after 24 hours of mixing micronutrition 
and micronutrients [5]. Compounded PN is cus-
tomizable to meet individual patient require-
ments. This PN requires a sterile central 
compounding facility for daily composition. 
Potential advantages of ready-to-use PN include 
reduced cost, fewer ordering and compounding 
errors, and fewer bloodstream infections [6]. 
However, ready-to-use PN may not meet each 
patient’s total calorie or electrolyte requirement, 
in addition to the added inconvenience of adding 
multivitamins just prior to administration.

 Indication of Parenteral Nutrition

PN is indicated in patients who are malnourished 
or at risk of malnutrition when enteral feeding is 
not possible to meet nutritional needs. Screening 
for malnutrition can be performed by using a 
quick and easy screening tool such as malnutri-
tion screening tool (MST), Malnutrition 
Universal Screening tool (MUST), or Nutritional 
Risk Screening (NRS) which usually involves 
three questionnaires. Types of screening tool vary 
among institutions. Typical screening questions 
include body mass index, percentage of weight 
loss, presence of loss of appetite, or presence of 
illness. A score is then calculated, and patients 

are categorized as low, moderate, or high risk of 
malnutrition [7]. Patients who have moderate- to 
high-risk malnutrition should receive formal 
dietician assessment such as Subjective Global 
Assessment (SGA, see perioperative malnutri-
tion section) and dietary counselling.

Despite the innovation provided by PN, it 
remains a costly intervention and is not without 
complication. Prior to initiation of PN, a consid-
eration of enteral feeding with utilizing the gas-
trointestinal tract (GIT) is always preferred. In a 
functional GIT, oral or enteral feeding are a less 
expensive option and aid in maintaining the 
mucosal barrier, preventing bacterial transloca-
tion, or additional risks discussed in the follow-
ing section (Table 17.1) [8].

 Critical Illness

The prevalence of malnutrition ranges from 38 to 
78% in critically ill patients in the intensive care 
unit (ICU) and is associated with increased mor-
bidity, mortality, and healthcare cost [10]. To 
determine risks in this population, nutrition 
screening should take place within 48 hours of 
admission using the nutritional risk screening 
(NRS 2002) and NUTRIC scores [11]. Patients 
who are at high nutrition risk, defined by NRS 
2002 ≥ 5 or NUTRIC score ≥ 5, are more likely 
to benefit from early nutrition intervention within 
48 hours with improved outcomes vs those at low 
nutrition risk. Enteral nutrition is the preferred 
route of nutrition therapy. However, if enteral 

Table 17.1 Indication of parenteral nutrition

Malnourished or at risk of malnutrition patients who 
are not able to meet nutrition requirement with enteral 
nutrition
Impaired GIT function as a result of underlying disease 
or treatment
   Paralytic ileus
   GIT obstruction
   GIT fistula when enteral feeding past fistula is not 

possible
   Prolonged diarrhea
   Short bowel syndrome

Source: Adapted from ASPEN [8, 9]
GIT gastrointestinal tract
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nutrition is not feasible, PN should be started as 
soon as possible following ICU admission [11]. 
Alternatively, in patients with a low nutrition risk 
(NRS 2002 ≤3 or NUTRIC score ≤5), exclusive 
PN can be withheld for 7 days following ICU 
admission if the patient cannot maintain oral or 
enteral feeding [11].

 Perioperative Malnutrition

Perioperative malnutrition is identified by utiliz-
ing the validated subjective global assessment 
(SGA), which was developed to quickly and 
accurately assess physiological symptoms of 
malnutrition and functional capacity. Patients 
with SGA B and C should receive dietetic coun-
selling to rectify malnutrition issues (scoring 
with A as normal, B as mild to moderate, and C 
as severe malnutrition). These measures are para-
mount due to known pro-inflammatory mediators 
that are elicited during surgical intervention [12]. 
This cascade of inflammatory mediators induce 
protein catabolism resulting in loss of muscle tis-
sue which can impede overall functional recov-
ery. The post-surgical Enhanced Recovery After 
Surgery (ERAS) protocol is a widely adopted 
multidisciplinary approach for patients who 
undergo elective surgery [12]. The protocol starts 
before, during, and after surgery involving sur-
geons, anesthetists, dieticians, nurses, and phys-
iotherapists. The multispecialty approach has 
shown to reduce hospital stay, surgical complica-
tion, and overall cost [13]. From a metabolic and 
nutritional aspect, perioperative care includes 
nutritional counselling for patients with a high 
risk of malnutrition prior to surgery, avoidance of 
long periods of preoperative fasting (2 hours of 
liquid and 6 hours of solid is allowed), resump-
tion of oral feeding as early as possible after sur-
gery, blood sugar control, minimizing paralytic 
agents for ventilator management in the postop-
erative period, and early mobilization to facilitate 
protein synthesis and muscle function [12]. While 
enteral nutrition is the preferred form of nutrition 
therapy, PN is usually reserved when enteral 
nutrition is not feasible and maximal benefit is 
derived in severely malnourished patient who 

receive PN for more than 7–10 days preopera-
tively [14].

 Home Parenteral Nutrition

The indication for home PN mirrors those of hos-
pitalized patients, however, with an expected pro-
longed duration of need after discharge [15]. 
Patients who have chronic intestinal failure, 
which is defined a as chronic condition where 
there is reduction of gut function below the mini-
mum necessary for the absorption of macronutri-
tion and/or water and electrolytes such that 
intravenous supplementation is required to main-
tain health and/or growth. These patients are usu-
ally metabolically stable with a condition that 
may or may not be reversible [16]. Patients who 
have chronic intestinal failure may require home 
PN indefinitely as reversibility of chronic intesti-
nal failure is only reported approximately 
20–50% [17]. Careful consideration must be 
given to the capabilities of patients and caregiv-
ers as well as social circumstances. Outcomes of 
home PN patients depend on the underlying dis-
ease process with cancer patients having more 
frequent PN complications and a poorer progno-
sis [15]. Patients who receive home PN should be 
managed by trained physicians, dieticians, 
nurses, and pharmacists for careful monitoring to 
avoid both short- and long-term complications.

 Parenteral Nutrition Formulation

 Carbohydrate

Carbohydrates are the main sources of energy in 
PN.  It makes up 50–60% of total calories or 
70–85% of non-protein calories [18, 19]. The 
most commonly used carbohydrate substrate in 
PN is dextrose monohydrate that provides 3.4 
kcal/g. Higher concentrations of dextrose (>10%) 
are reserved for central venous administration to 
avoid thrombophlebitis in peripheral veins.

Minimum glucose intake of at least 100–120 
g/day is widely suggested in order to suppress 
both gluconeogenesis and protein catabolism in 
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healthy individuals [18, 20]. During catabolic 
stress, maximum oxidation rate of glucose is the-
oretically about 4–7 mg/kg/min. Thus, it is rec-
ommended that glucose infusion rate (GIR) 
should not exceed 5 mg/kg/day in critically ill 
patients; otherwise, it can lead to hyperglycemia, 
hypertriglyceridemia, and lipogenesis. In stable 
non-acutely ill patients, glucose oxidation rate of 
5–7 mg/kg/day is tolerated [3, 20].

 Protein

Crystalline amino acids (AAs) provide protein 
source in PN formulation and yield 4 kcal/g. 
Standard amino acid products offer varying mix-
tures of essential and non-essential AAs in con-
centrations ranging from 3.5% to 20%. Some 
amino acid formulations also contain a combina-
tion of electrolytes [9].

Specialized amino acid products are available 
for use in specific conditions such as hepatic or 
renal disease. However, its efficacy in clinical 
outcome has not been proven in either patient 
population [21, 22].

 Fat

Intravenous lipid emulsions (ILEs) are included 
in PN regimens to provide a dense source of non- 
protein energy and essential fatty acids (EFAs; 
n-6 linoleic acid and n-3 alpha-linolenic acid). 
ILEs are mainly composed of long-chain triglyc-
erides from a variety of oils. ILES also contain 
egg yolk phospholipid and glycerol, which pro-
vide additional energy yielding 10–11 kcal/g.

The first-generation ILEs are soybean oil 
(SO)-based formulations, 100% SO, and a com-
bination of SO and safflower oil, which offer a 
great amount of both EFAs. However, the high 
content of n-6 linoleic acid in these products has 
been associated with pro-inflammatory and 
immunosuppressive effects. Moreover, the con-
ventional ILEs have been associated with hyper-
triglyceridemia. Newer alternative ILEs with 
lower n-6 content have been introduced and grad-
ually replaced SO-based ILE. These reduced n-6 

ILEs are the second generation ILEs; medium 
chain triglycerides (MCTs) mixed with SO, third 
generation; olive oil (OO) and SO, and the fourth 
generation; fish oil (FO) based ILEs. MCTs accu-
mulate less in adipose tissue and the liver, are 
metabolized faster, and do not produce pro-
inflammatory mediators. OO is high in oleic acid 
and mono- unsaturated fatty acid (MUFA), which 
produce less oxidative stress than SO and is not 
metabolized to mediators of inflammation. FO is 
high in n-3 fatty acids with anti-inflammatory 
properties and may potentially reverse intestinal 
failure associated liver disease in children receiv-
ing long-term PN.  One of the FO-based ILEs, 
Smoflipid (Fresenius Kabi), is a mixture of four 
oils (SO, MCTs, OO, and FO), with lower ratios 
of n-6 to n-3 fatty acid and has been recom-
mended in the critically ill and surgical patient 
populations [22].

The recommended dose for ILE infusion is 
1–2 g/kg/kg/day. Many clinicians limit the use of 
SO-based lLE to 1 g/kg/day due to its pro- 
inflammatory effect. The dose of lipid infusion 
and infusion rate should not exceed 2.5 g/kg/day 
and 0.11 g/kg/hour, respectively. Higher doses or 
infusion rates are associated with increased risks 
of hypertriglyceridemia, infection, and fat over-
load syndrome, characterized by headache, fever, 
jaundice, hepatosplenomegaly, respiratory dis-
tress, spontaneous bleeding, pancytopenia, and 
shock [23].

Propofol is a lipid-soluble, short-acting intra-
venous anesthetic available in an emulsion simi-
lar to an ILE 10% yielding 1.1 kcal/ml. Therefore, 
when propofol is administered, the daily dose of 
ILE in the PN regimen should be adjusted 
accordingly.

 Electrolytes

Electrolytes are added to PN formulations as a 
maintenance or therapeutic measure according to 
individual patient requirements. Suggested doses 
of electrolyte additions in adult PN formulation 
and commonly used forms are listed in Table 17.2. 
Maximum limits of electrolyte additives are 
based on both clinical and PN compounding 
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parameters. Particular attention should be paid to 
calcium and phosphate amounts due to the poten-
tial risk of precipitate formation in the PN solu-
tion when excessive amounts are added [24]. 
Electrolytes are available in various parenteral 
salt forms; however, not all electrolyte forms can 
be used in PN formulations due to their physio-
chemical incompatibilities. For example, sodium 
bicarbonate should not be added to PN solutions 
because it can interact with calcium to form 
insoluble calcium carbonate.

 Vitamins

Commercially available vitamins for PN addition 
include multivitamin products with both water- 
soluble and fat-soluble vitamins with or without 
vitamin K, water-soluble vitamin admixtures, 
fat-soluble vitamin admixtures, and some single- 
entity products. Multivitamin products are 
designed to meet the requirements outlined by 
the American Medical Association (AMA) and 
the US Food and Drug administration (FDA). 
Compositions of adult multivitamin preparation 
are listed in Table 17.3.

 Trace Elements

Trace elements (TEs) are minerals present at very 
low concentrations in the human body but essen-
tial for metabolic activities. PN solution contains 

several TEs from direct supplementation and 
contamination with PN components. TEs for PN 
addition are commercially available as single- 
entity products and in various multi-TE combina-
tions which usually include zinc, copper, 
manganese, chromium, and selenium. Most 
multi-TE products provide trace element amounts 
to meet the requirement outlined by AMA.  In 
2012 the American Society of Parenteral and 
Enteral Nutrition (ASPEN) recommended sig-
nificant changes in commercially available adult 
multi-TE products [25]. The recommendations 
included reducing doses of copper, manganese, 
and chromium, limiting trace elements, while 
increasing selenium. The recommendations were 
made after several findings of organ accumula-
tions of copper, manganese, and chromium. The 
discrepancies between adult parenteral TE 
requirement and the dose provided from multi-
 TE products are shown in Table 17.4.

Iron is not routinely added to PN formulation 
in the USA because of the risk of anaphylaxis 
and the concern of incompatibilities. Thus, long- 

Table 17.2 Electrolyte PN additions in adult [9, 19]

Electrolyte
Suggested 
maintenance ranges

Salt forms that 
commonly used

Sodium 1–2 mEq/kg Acetate, chloride, 
phosphate

Potassium 1–2 mEq/kg Acetate, chloride, 
phosphate

Calcium 10–15 mEq/day Gluconate
Magnesium 8–20 mEq/day Sulfate
Phosphorus 20–40 mmol/day Sodium, 

potassium
Chloride As needed to maintain 

acid-base balance
Sodium, 
potassium

Acetate As needed to maintain 
acid-base balance

Sodium, 
potassium

Based on generally healthy adults with normal losses

Table 17.3 Contents of adult parenteral multivitamin 
preparations [9, 18, 25]

Components
Daily parenteral 
dose

Fat-soluble vitamins
   Vitamin A 1 mg or 3300 IUa

   Vitamin D 5 mcg or 200 IUb

   Vitamin E 10 mg or 10 IUc

   Vitamin K 0–150 mcgd

Water-soluble vitamins
   Vitamin B1 (thiamine) 6 mg
   Vitamin B2 (riboflavin) 3.6 mg
   Vitamin B3 (niacin) 40 mg
   Vitamin B5 (pantothenic acid) 15 mg
   Vitamin B6 (pyridoxine) 6 mg
   Vitamin B12 

(cyanocobalamin)
5 mcg

   Vitamin C (ascorbic acid) 200 mg
   Folate 600 mcg
   Biotin 60 mcg

a1 mcg retinol = 1 mcg retinol-activity equivalent (RAE) = 
3.33 IU retinol.
b1 mcg cholecalciferol = 40 IU.
c1 mg = 1 IU = 1 United States Pharmacopeia (USP) unit 
is used in IV multivitamin preparation.
dProducts without vitamin K are designed for patients 
receiving warfarin.

17 Parenteral Nutrition



276

term PN patients are susceptible to iron defi-
ciency [26]. Among multiple intravenous iron 
products available, only low-molecular-weight 
iron dextran can be added to non-lipid containing 
(2-in-1) PN formulation [27]. However, intrave-
nous iron supplementation outside of the PN 
regimen is often more practical.

Copper and manganese are excreted via the 
biliary system; as a result to prevent accumula-
tions of excess copper (in liver, kidney, brain) 
and manganese (in brain), a reduction of both 
TE supplementations in patients with hepatobi-
liary disease should be considered. 
Supplementation of zinc above the standard 
recommendation is required by patients with 
excessive gastrointestinal (GI) loss such as 
severe diarrhea, high-output ostomy, or fistula. 
Supplementation of selenium with higher dose 
should be considered in patients with malnutri-
tion, critical illness, and burn injuries as sele-
nium needs are increased [25, 28].

 Use of Filter

Use of in-line filters are recommended for PN 
administration to reduce the potential for harm 
due to particulates (e.g., plastic fragments from 
the bag), microprecipitates (e.g., calcium phos-
phate), microorganisms, and air emboli. Use of a 
0.22 micron filter for 2-in-1 admixture and a 1.2 
micron filter for TNA and separately infused ILE 
is recommended [29, 30].

 Complication of Parenteral 
Nutrition

 Introduction of Complication 
of Parenteral Nutrition

There are a number of complications that must be 
considered when delivering PN to patients in the 
hospital and home settings. Central venous cath-
eter (CVC) infections are the most serious com-
plications which can result in increased morbidity 
and mortality and require immediate treatment. 
Repeated catheter-related bloodstream infections 
(CRBSI) can eventually lead to loss of access in 
short-term and long-term PN patients. Metabolic 
complications are commonly encountered, such 
as metabolic bone disease, intestinal failure asso-
ciated liver disease (IFALD), and essential fatty 
acid deficiency (EFAD), after weeks to months of 
PN administration. Other metabolic complica-
tions such as hypo- or hyperglycemia and hyper-
triglyceridemia can occur after only a few hours 
of PN.  The following section will review com-
mon metabolic and CVC infections including 
CRBSI in PN patients.

 Catheter-Related Infection

Catheter-related infection can occur anywhere 
from the insertion site (exit site, tunnel, pocket 
where the device is implanted) to bloodstream 
[31]. Infection at the exit, tunnel, or pocket sites 
is usually visibly red and tender and occurs in the 
absence of concomitant bloodstream infection 
(BSI) [31]. In pocket site infections, purulent 
fluid and discharge may occur and removal of 
device is necessary.

Catheter-related bloodstream infection 
(CRBSI) and central line–associated bloodstream 
infection (CLABSI) are often used interchange-
ably for catheter-related infection, although they 
differ [31]. CRBSI is a clinical definition that 
requires quantitative blood cultures of differen-
tial time positivity to identify the catheter as the 
source of BSI [31]. CRBSI is often difficult to 
diagnose due to the inability to perform appropri-

Table 17.4 Current recommended adult daily trace ele-
ment requirements and ranges provided by multi-TE 
products

Trace elements

Daily dose 
provided from 
multi-TE products

Current 
recommended 
daily dosea

Copper (mg) 0.4–1.3 0.3–0.5
Chromium (mcg) 10–12 1–1.5
Manganese (mcg) 100–800 55
Selenium (mcg) 0–60 60–100
Zinc (mg) 1–6.5 2.5–5
Iron (mg) 1.1 Noneb

aParenteral supplementations with PN therapy [25, 28]
bIron, iodine, molybdenum, and fluoride are not routinely 
added to PN products in the USA but in Europe.
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ate cultures due to time sensitivity and specimen 
source labeling and the inability to remove cath-
eters [31], while CLABSI is both a clinical and 
surveillance term used for diagnosis of BSI in a 
patient with a central line placed within a period 
of 48 hours of developing a BSI that is not due to 
an infection of another etiology [31]. Three crite-
ria for CLABSI include clinical signs and symp-
toms of infection, no alternate source for BSI, 
and blood culture positivity [31].

There are four possible routes of transmission 
in CLABSI: endogenous skin flora at the site of 
insertion, contamination of catheter hub by hand 
or device, hematogenous seeding from distant 
infection, and infusion contamination [32]. The 
most common routes of contamination are skin 
insertion site and the hub [32].

In patients receiving parenteral nutrition and 
are suspected to have CLABSI, paired blood 
samples should be taken from the catheter and 
peripheral vein before initiation of antimicrobial 
therapy [33]. The bottles should be labeled appro-
priately to reflect the site from which the samples 
were obtained. It is recommended that at least 
two blood samples should be drawn through dif-
ferent catheter lumens if blood sample cannot be 
drawn from a peripheral vein [33].
Coagulase-negative staphylococci and gram- 
positive microorganisms are two common 
pathogens associated with CLABSI. Coagulase-
negative staphylococci have the tendency to 
produce biofilm composed of exopolysaccha-
ride which allow the staphylococcal cells to 
cling to the surface of the catheter. The biofilm 
can form on the catheter surfaces within 24 
hours of device insertion. The emergence of 
drug-resistant microorganism such as methicil-
lin-resistant Staphylococcus aureus and vanco-
mycin-resistant Enterococcus continues to pose 
challenges in CLABSI management. Early con-
sultation with an infection disease physician is 
warranted to guide antibiotic choice and dura-
tion. In addition to intravenous antibiotic, early 
removal of catheter is recommended in con-
firmed or suspected CLABSI in a hemodynamic 
unstable patient for source control [33]. In 
patients requiring long-term venous catheter or 

patients with limited vascular access, catheter 
salvage in uncomplicated coagulase-negative 
staphylococci with intravenous antibiotic and 
antimicrobial lock solution has been shown to 
be feasible in retrospective study [34]. However, 
gram-negative and fungemia CLABSI have 
lower rates of treatment success in salvaging 
catheter and require removal [33, 34]. 
Antimicrobial lock therapy should not be used 
as a sole therapy in CLABSI.

 Prevention of Catheter-Related 
Infection

Prevention is the key to reduce catheter-related 
infection. The implementation of the central line 
bundle has resulted in significant reduction of 
CRBSI [35]. It includes hand hygiene, maximal 
barrier precaution during central venous catheter 
insertion, skin antisepsis with chlorhexidine, opti-
mal catheter site selection by avoiding femoral 
site, and daily review of line necessity with prompt 
removal of unnecessary lines [35]. Due to concern 
for promoting antibiotic-resistant microorgan-
isms, antimicrobial catheter lock solutions are 
restricted to treatment of infections. In patients 
requiring long-term catheters, there are various 
non-antimicrobial catheter lock solutions being 
studied to explore their potential role for CLABSI 
prophylaxis. Ethanol catheter lock solution in vari-
ous concentrations has been successfully used to 
prevent CLABSI in home PN patients but its use is 
limited due to higher rates of mechanical compli-
cation such as occlusion and disruption of the 
integrity of the catheter requiring catheter replace-
ment [36–38]. Taurolidine, a derivative of taurine, 
an amino acid is a bactericidal agent that is effec-
tive against gram-positive, gram-negative, and 
fungi. Its use in HPN as primary and secondary 
prevention of CLABSI in HPN patients appear 
promising [39–41]. Another potential non-antimi-
crobial solution anticoagulant that may reduce 
biofilm formation, bacterial colonization, and 
intraluminal thrombosis is tetrasodium ethylenedi-
aminetetraacetic acid (EDTA) [42, 43]. Its use has 
been safely used in hemodialysis catheters [42]. 
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However, there are no published studies of tetraso-
dium EDTA catheter lock solutions in home PN 
patients.

 Noninfectious Catheter-Related 
Complication

Catheter occlusion can occur in up to 50% of 
central venous catheters [44]. Occlusion may be 
due to thrombotic or non-thrombotic causes. 
Catheter insertion potentially disrupts one of the 
Virchow’s triad resulting in venous thrombosis. 
With the catheter tip against the vessel wall, an 
activated cascade of fibrin, platelet, coagulation 
factors, and erythrocytes interlink to form venous 
thrombi. This activation process is exacerbated 
by altered blood flow due to the presence of a 
catheter in the blood vessel. The types of catheter 
thrombosis include intraluminal clot, a fibrin 
sheath formation, and thrombosis of the vessel.

Intraluminal clotting is usually due to inade-
quate flushing, blood reflux, and drug or lipid 
precipitate resulting in sluggish catheter function 
or thrombosis [45]. The caregiver may find diffi-
culty in infusing or aspirating from the catheter. 
The volume of flush solution is recommended to 
be at least twice the volume of catheter (typically 
10 ml of normal saline) to prevent this complica-
tion [45]. Fibrin sheath formation at the distal 
catheter tip acts as a one-way valve, which usu-
ally allows infusion, but prevents aspiration of 
the blood sample. Catheter-related venous throm-
bosis with clinical signs of vascular obstruction, 
such as neck vein distension, swelling, and pain 
of ipsilateral arm and neck, will require antico-
agulants for treatment [46]. Low-dose anticoagu-
lant therapy has not been proven to be effective as 
primary prophylaxis in catheter-related thrombo-
sis [47]. Catheter tip position has been identified 
as underlying etiology for thrombosis and should 
be positioned in the lower vena cava rather than 
proximal vena cava [48].

Lastly catheter pinch-off syndrome represents 
an intermittent mechanical obstruction caused by 
the catheter compression between the clavicle 
and the first rib [48]. This is due to the narrow 
anatomical triangle that exists at the junction of 

the axillary vein and the subclavian vein. 
Changing the patient’s position by raising ipsilat-
eral arm will open this angle and relieves the 
occlusion. Chest X-ray is sufficient to demon-
strate the luminal narrowing of the catheter [48]. 
Removal is recommended as it may lead to cath-
eter transection and embolus. Other noninfec-
tious catheter-related complications include air 
embolism, catheter migration, pulmonary embo-
lism, cardiac tamponade, and nerve injury [49].

 Metabolic Complications

Given the mechanism of nutrient and electrolyte 
administration in PN, one must be cautious to 
monitor for metabolic complications. Metabolic 
complications can occur acutely or manifest over 
weeks, months, or years. These metabolic com-
plications can often occur in patients without a 
diagnosis of a metabolic disorder prior to 
PN. PN-associated complications include hyper-/
hypoglycemia, essential fatty acid deficiency 
(EFAD), hypertriglyceridemia, and hepatobiliary 
complications.

With the parenteral administration of dex-
trose, patients can develop complications from 
hyper- or hypoglycemia. Hyperglycemia is one 
of the most common complications associated 
with PN and can occur acutely in ICU patients or 
in long-term home parenteral nutrition (HPN) [9, 
50]. Recommendations for target blood glucose 
and frequency of monitoring vary depending on 
institutional protocol and societal guidelines. The 
American Society of Parenteral and Enteral 
Nutrition (ASPEN) recommends for those high- 
risk adults receiving PN in acute hospital/ICU 
situations a target blood glucose between 140 and 
180 mg/dL [51]. The Society of Critical Care 
Medicine (SCCM) recommends a similar target 
range of 150–180 mg/dL [52]. Monitoring of 
these high-risk patients is typically performed 
every 6 hours until patients remain stable in the 
target range and at goal PN calories. For low-risk 
patients, monitoring can be as simple as periodi-
cally monitoring for glucose in the urine. With 
evidence of glucosuria, follow up with a finger-
stick or venous blood glucose to confirm. In 
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patients on long-term cyclical HPN (10–12 
hours) and at high risk of hyperglycemia, particu-
larly those with diabetes, it is recommended that 
these patients check their blood glucose 1 hour 
after the start of PN administration and 1 hour 
after the infusion is completed [1]. In high-risk 
ICU PN patients, insulin drips are often used to 
maintain the target glucose range (140–180 mg/
dL) [51, 52]. In long-term HPN or stable non- 
ICU hospitalized patients, regular insulin can be 
added to the PN to cover the dextrose load of the 
infusion. We generally recommend adding 
 insulin to the PN if the blood sugar is >200 mg/ 
dL 1 hour into the PN infusion. Some patients, 
particularly those with oral intake in addition to 
the PN, may require additional insulin or other 
management of their blood sugars. To help pre-
vent metabolic complications, dextrose adminis-
tration should not be infused at a rate greater of 5 
mg/kg/min in acutely ill patients [53, 54]. In 
patients who are routinely monitoring blood glu-
cose levels, an acute change to previously normal 
levels should raise concern for a potential infec-
tion and should be discussed with their managing 
team as blood glucose may rise before other 
symptoms of infection manifest.

In pediatric patients, there is concern for 
rebound hypoglycemia after the PN infusion is 
completed [55, 56]. For prevention, the rate of 
PN infusion should be decreased to half the “nor-
mal” rate for the last hour of infusion. This allows 
time for the body to decrease insulin release and 
minimize risk of hypoglycemia. Some patients 
may benefit from a longer (generally 2 hours) 
taper prior to discontinuation.

If long-term or stable non-ICU hospitalized 
patients who require insulin in their PN have 
rebound hypoglycemia, it is generally due to 
overcompensation in the production of insulin 
and is recommend to optimize blood glucose 
control during PN infusion to avoid excess 
endogenous insulin secretion. Each patient’s 
needs should be carefully considered in addition 
to close monitoring while appropriate insulin 
adjustments are made. Initial insulin regimens in 
the PN solution start at 0.05–0.1 units of insulin/g 
dextrose, and it is not advised to give over 0.2 
units of insulin/g dextrose [50, 51]. While this 

recommendation is not based on clinical trials, it 
has been utilized historically and adjustments 
beyond this should be considered with caution.

In addition to the potential complications of 
acute hyperglycemia, elevated blood glucose can 
also contribute to hypertriglyceridemia. Given the 
risk of hypertriglyceridemia with infusion of glu-
cose and lipids, periodic monitoring of triglycer-
ide levels is recommended. This may reveal 
underlying familial hypertriglyceridemia requir-
ing treatment, or metabolic complications attrib-
utable to the PN itself. In patients with triglyceride 
levels >400, it is important to consider the dex-
trose infusion rates and whether decreased infu-
sion rates would provide improved physiologic 
compensation [57]. Alternatively, in patients with 
both hyperglycemia and hypertriglyceridemia, 
improving blood sugar control with insulin may 
also improve triglyceride levels. However, in 
some cases, there is a need to increase infusion 
times or adjust macronutrient compositions with 
the consideration of both glucose and lipid con-
tent to achieve an adequate triglyceride level that 
minimizes risk of complications.

 Essential Fatty Acid Deficiency

Essential fatty acids, linoleic and alpha- linoleinic, 
are fatty acids that are unable to be synthesized 
by the human body and must be ingested. These 
fatty acids are present in significant amounts in 
soy-based intravenous lipid emulsions (ILE), in a 
lesser concentration in olive oil-based ILE, and 
even less in fish oil-based ILE. Without adequate 
ingestion, patients are at risk for developing 
essential fatty acid deficiency (EFAD). 
Symptomatically these patients may develop 
scaly skin, hair loss, and potentially liver enzyme 
abnormalities which can manifest after weeks to 
months without adequate fatty acid intake. EFAD 
is diagnosed by an elevated triene/tetraene ratio 
in the blood. Calculations can be performed to 
assess the minimal lipid concentration needed 
based on the composition of the lipid product 
being used; however, initial studies demonstrated 
that EFAD could be avoided if 0.2–0.3% of kilo-
calories were provided as alpha-linolenic acid 
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[58]. This recommendation has later been extrap-
olated to 1–4% of kilocalories from lipid emul-
sion [59, 60]. There are patients that are unable to 
tolerate ILE infusion due to allergies or other 
limitations. In rare cases, there are reports of top-
ical administration of sunflower or safflower oil 
which allow sufficient absorption of essential 
fatty acids to prevent EFAD. However, the effec-
tiveness of these topical preparations has not 
been well studied [59, 61].

 Hepatobiliary Complication

While the prior metabolic complications tend to 
manifest acutely to subacutely, longer-term PN 
patients may develop intestinal failure associated 
liver disease (IFALD) previously known as paren-
teral nutrition associated liver disease (PNALD). 
Complications range from increased risk of cho-
lelithiasis to cholestasis, steatosis, and rarely cir-
rhosis [62, 63]. Studies have reported significant 
variations in the rates of IFALD from 30 to 60% 
of children and 15 to 40% of adults requiring 
long-term hospital-based PN or HPN with soy-
bean oil as the source of lipid [63]. The patho-
physiology of IFALD remains unclear, but recent 
work has shown that changing to a mixed oil ILE 
or fish oil-based ILE can result in the reversal of 
hepatic steatosis [62–64]. Without treatment and 
reversal of hepatic steatosis, IFALD can progress 
to cirrhosis and end-stage liver disease. Soy-based 
ILEs have been associated with IFALD due to 
excess caloric intake, overfeeding, or high dex-
trose load. The IFALD associated with 100% soy-
based ILE may be related to the pro-inflammatory 
lipids that are found in soybean oil [17]. Other 
research has shown that carnitine and choline 
deficiency may contribute to IFLAD, theoreti-
cally related to their role in lipid transport and 
metabolism [16]. Additionally, other studies have 
shown the potential impact of gut microbiota 
composition and change and potential benefit of 
antimicrobial therapy to help adjust bowel flora 
[62, 63]. However, this is an area that is still 
undergoing prospective investigation and does not 
have clear causality or treatment recommenda-
tions determined.

In patients requiring long-term PN therapy, it is 
advisable to routinely monitor liver enzymes, 
specifically alkaline phosphatase and bilirubin 
[62]. If there is an acute rise, the patient should be 
assessed for possible infection. If a slow rise, 
then consideration is given to development of 
early stages of IFALD and should be evaluated 
with hepatic structural assessment with an ultra-
sound, and laboratory evaluation to calculate of 
FIB-4 for fibrosis staging [62, 65]. It is important 
to assess other risk factors these patients may 
have for developing liver disease such as alcohol, 
viral or genetic etiologies, as well as PN formula-
tion, and daily caloric infusion rate. Decreasing 
reliance on soybean- based ILEs has been shown 
to decrease risk of developing IFALD. For 
patients that have some oral or enteral intake, it 
may be beneficial to decrease their PN ILEs to 
minimize exposure. In patients that are not able 
to obtain essential fatty acids or enough calories 
with oral or enteral supplementation, it may be 
beneficial to change their ILE to a mixed oil or 
fish oil ILE [64, 66, 67]. Early work is showing 
the potential of regression of IFALD with fish 
oil-based ILE, but there is still much work to be 
done in this area [67]. Cyclic PN is an infusion 
run for <24 hrs per day which allows the body a 
period free from nutrient infusion and has been 
shown to decrease the risk of developing 
IFALD.  This cyclical strategy is often used in 
long-term hospital-based PN or HPN patients. 
Other IFALD treatment strategies include phar-
macologic therapies such as bile acid binding 
agents, or antimicrobial therapy. If IFALD per-
sists despite exhaustion of all treatment modali-
ties, a referral for a combined liver/small bowel 
transplant should be considered.

 Metabolic Bone Disease

Metabolic bone disease (MBD) may present as 
osteomalacia, osteopenia, or osteoporosis. 
Prevalence of PN-associated MBD is unknown, 
but it is estimated that 40%–100% of adult 
patients receiving chronic PN may have some 
degree of bone demineralization [68]. However, 
it is unclear whether the PN solution is the direct 
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cause of MBD as all patients on long-term PN 
have at least one of numerous predisposing fac-
tors for bone loss such as undernutrition, endo-
crine diseases, gastrointestinal malabsorption, 
malignancies, concomitant medications, etc. [68, 
69] Several factors related to PN formulation and 
administration can have negative effects on bone 
metabolism and are outlined in Table 17.5 with 
modification strategies to prevent BMD (ref: 
practical gastroenterology, curriculum).

All long-term PN patients should be screened 
for MBD, as most are asymptomatic at diagnosis. 
Recommended screening modalities include 
dual-energy X-ray absorptiometry scan (DEXA) 
at baseline and every 12–18 months and monitor-

ing of serum electrolytes, minerals, and acid base 
balance [70]. To prevent or slow progression of 
MBD, all potential contributing factors should be 
discontinued or treated as soon as identified. 
Besides PN modification, lifestyle modifications, 
to include weight-bearing exercise, smoking ces-
sation, reducing alcohol and caffeine intake, and 
fall prevention measures should be introduced. 
Endocrinology referral for pharmacological 
managements in osteoporosis may also be 
considered.
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Enteral Nutrition

Konika Sharma and Robin Mendelsohn

 Introduction

The alimentary canal or gastrointestinal (GI) tract is 
a one-way tube that measures 25 feet in length when 
in vivo and 35 feet when the smooth muscle tone is 
lost. The tube begins at the mouth and terminates at 
the anus. The GI tract includes the esophagus, stom-
ach, and small and large intestines, all of which 
have different roles in absorption of macronutrients, 
micronutrients, and water. In healthy people, food 
enters the body orally and goes through a series of 
physiological processes to extract calories and 
nutrients to sustain bodily functions (see Chap. 1 for 
more details). In certain anatomical conditions and 
disease states, oral intake is not possible and alter-
native means of providing nutrition are necessary 
including enteral and parenteral supplementation. 
Enteral nutrition is always preferred when techni-
cally feasible and appropriate (i.e., in a functional 
gastrointestinal tract.)

 Enteral Nutrition

 Indication

Enteral nutrition is indicated in patients who can-
not adequately meet their nutritional require-

ments through oral intake, despite having a 
functional GI tract. When feasible, enteral nutri-
tion is always preferred over parenteral nutrition 
in order to maintain gut barrier functions [1] and 
attempt to mimic normal physiology. In addition, 
there is a lower degree of overall infections in 
patients receiving enteral nutrition vs parenteral 
including a lower risk of cholecystitis as the gall-
bladder can function under normal physiological 
conditions by stimulating the release of cholecys-
tokinin. Enteral nutrition maintains the structural 
integrity of gut epithelium and releases IgA, 
which prevents bacterial adherence and translo-
cation [2] via gut-associated lymphoid tissue 
(GALT) and enhances immunity by stimulating 
mucosal-associated lymphoid tissue at distant 
sites (MALT) as in lungs, liver, and kidney [3].

Oral feeding is not feasible in patients with 
proximal obstructions (i.e., head and neck cancer, 
esophageal cancer, gastric outlet obstruction) 
neurologic disorders (stroke, dementia, 
Parkinson’s disease, cerebral palsy, multiple scle-
rosis, motor neuron disease), and in times of 
reduced level of consciousness (i.e., head injury, 
ICU patients, prolonged coma). Although gastric 
feeding is appropriate for many of these patients, 
small intestinal feeds are indicated when patients 
are at risk of aspiration of gastric contents (i.e., 
nausea/vomiting, gastroparesis) or when gastric 
feeding is not feasible secondary to anatomy or 
underlying pathology.
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 Contraindications

Enteral nutrition is contraindicated when the GI 
tract is not functional and adequate calories/
nutrition cannot be derived from enteral support. 
Examples include conditions resulting in less 
than 100 cm of small bowel (i.e., short gut syn-
drome) (3), paralytic ileus, generalized dysmotil-
ity, small or large bowel obstructions which are 
too distal for enteral access, high output proximal 
fistulas, or severe shock. Although often offered, 
enteral nutrition has also not been shown to 
change survival or increase patients’ quality of 
life in the setting of dementia; however, it may 
improve quality of life of family and caregivers. 
Cochrane reviews have shown no evidence of 
increased survival in patients with dementia 
receiving enteral nutrition [4]. In fact, one- quarter 
of patients will die during hospitalization when 
enteral nutrition is initiated due to patients’ 
underlying conditions and not associated with 
complications from enteral nutrition access 
placement or initiation (4). In this context, both 
the European Society for Clinical Nutrition and 
Metabolism (ESPEN) and the National Institute 
for Clinical Excellence (NICE) recommend 
against the initiation of tube feeding in patients 
with severe dementia. In patients with early 
stages of dementia, there should be a multidisci-
plinary discussion with the ethics committee, 
physician, and family members focusing on the 
patient’s known wishes to guide clinical decision- 
making. Ultimately patient selection should be 
performed on a case-by-case basis based on phy-
sician and dietitian assessment, patient and care-
giver needs and preferences, diagnosis and life 
expectancy.

 Timing

Enteral feeding should be considered in patients 
in whom oral intake is unsafe, insufficient, or 
impossible. The American Society for Parenteral 
and Enteral Nutrition (ASPEN) suggests that 
specialized nutrition support be initiated in all 
patients with inadequate oral intake for 
>7–14 days [5]. In critically ill patients, enteral 

feeding should be started early, ideally within the 
first 24–48  hours following critical care admis-
sion or as soon as hemodynamic stability has 
been achieved [5, 6]. ESPEN [12] and the 
Canadian Guidelines for Nutrition [7] recom-
mend nutrition initiation within 24  hours of 
admission for critically ill patients. If enteral 
nutrition is not thought to be possible within 
7 days of critical care admission due to absolute 
contraindications, parenteral nutrition should be 
initiated.

 Nutritional Risk Assessment

Nutritional status should be assessed and supple-
mental enteral nutrition considered in patients 
who are malnourished or at risk of developing 
protein-calorie malnutrition who do not have 
contraindication to enteral feeding. Protein- 
calorie malnutrition is defined as recent weight 
loss of greater than 10–15% or actual body 
weight less than 90% of ideal body weight. Most 
institutions assess patient nutritional status upon 
hospital admission. There are various methods 
for nutritional status assessment (see Chap. 3). 
Subjective Global Assessment (SGA) and Mini- 
Nutritional Assessment (MNA) are the most 
commonly used ones by providers in hospitalized 
patients [8]. Although often used, lab markers 
such as albumin, pre-albumin, and transferrin are 
less reliable as these have low specificity [9] and 
often correlate with overall illness severity and 
inflammatory state.

 Enteral Access

The appropriate type of access to deliver enteral 
nutrition is determined by various factors includ-
ing (1) the duration of enteral support, (2) under-
lying disease, and (3) availability of resources. 
When nutrition support is required for short term 
(<4–6  weeks), nasogastric (NG), orogastric 
(OG), or nasojejunal (NJ) tubes are recom-
mended. For longer term support (>4–6 weeks), 
gastrostomy, jejunostomy, or gastrojejunostomy 
tubes are preferred (Fig. 18.1) [10].
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 Short-Term Access: Nasogastric 
and Orogastric Tubes

NG and OG tubes can be placed at the bedside. 
NJ tubes are usually placed under fluoroscopic or 
endoscopic assistance to ensure post-pyloric 
position. Tube position confirmation can avoid 
life-threatening respiratory complications of mis-
placed tubes into the respiratory tract [11]. The 
gold standard technique of tube position confir-
mation is radiographic visualization of the entire 
course of the tube [12, 13]. Other bedside tech-
niques include checking the pH of the tube aspi-
rate, though this is limited by acid-suppressant 
medications, and auscultatory confirmation after 
insufflation with air via an irrigating syringe.

The length of NG tube (NGT) to be inserted 
can be estimated by using an NGT placed exter-
nally and measuring from the tip of the patient’s 
nose to the earlobe and then to the xiphoid pro-
cess [14]. These tubes are very small in caliber, 
usually 8–14 French, and are at increased risk of 
clogging with tube feeds and medications. It is 
therefore important to flush these tubes with 
30 mL of water before and after feeds or 10 mL 
of water after crushed medications are adminis-
tered. These tubes can also become dislodged. 
Signs of dislodgement include a sharp increase in 
residual volume, sudden change in respiratory 

status, high negative pressure when attempting to 
withdraw the aspirate, and a change in the length 
of the tubing since the time of the confirmatory 
radiograph. Whenever there is a suspicion of dis-
lodgement, feeds should be held and radiographic 
evaluation should be pursued [15].

 Long-Term Access: Gastrotomy 
and Jejunostomy Tubes

Gastrostomy and jejunostomy tubes can be 
placed surgically, endoscopically, or fluoroscopi-
cally [16]. Studies comparing surgical gastros-
tomy with percutaneous endoscopic gastrotomy 
(PEG) have shown no difference in morbidity or 
mortality [17]. Endoscopic placement is less 
expensive and invasive. Surgical gastrostomy is 
usually reserved for patients who are already 
going to the operating room for another surgical 
indication. The difference in morbidity and mor-
tality between endoscopic and radiologic gastros-
tomy tubes is not clear. Many studies indicate 
that PEG costs 44% more than percutaneous 
radiologic gastrostomy (PRG) initially, but in the 
end, the cost is usually similar given reinterven-
tions and follow ups that are often requried [18]. 
Insertion approach may depend on local resources 
and expertise. In certain circumstances, such as 

Poor oral intake > 7d and absence of contraindications to 
enteral nutritional support

Duration of nutritional support 

Nasogastric/orogastric/
NasoJejunal Tube

Gastrostomy/Jejunostomy tube

>4-6 weeks<4-6 weeks

Fig. 18.1 Enteral access algorithm
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oropharyngeal malignancies or anatomical limi-
tations to endoscopic placement, radiologically 
placed tubes may be preferred [19].

For patients requiring long-term feeding 
tubes, gastrostomy and jejunostomy tubes can be 
replaced by low-profile options known as button 
tubes. This type of tube lies flat on the abdominal 
wall, is more aesthetically pleasing, and more 
easily hidden under clothing (Fig.  18.2). An 
adapter is required to administer feeds and medi-
cations through this type of tube.

 Enteral Formulations

Enteral formulations are considered “medical 
foods” by the US Food and Drug Administration 
and are defined as foods which are formulated to 
be consumed or administered enterally under the 
supervision of a physician and intended for the 
specific dietary management of a disease or con-
dition for which distinctive nutrition require-
ments based on recognized scientific principles 
are established [20]. The American Society for 
Parenteral and Enteral Nutrition (ASPEN) has 
published the “Enteral Nutrition Practice 
Recommendations” which include the following 
statements regarding formula selection [20]:

 1. The accuracy and credibility of adult enteral 
formula labeling and product claims are 
dependent on formula vendors.

 2. Nutrition support clinicians and consumers 
are responsible for determining the credibility 
of formulation.

 3. It is important to interpret enteral formulation 
content/labeling and health claims with 
caution.

 Formula Classification

There are more than 200 different commercially 
prepared enteral formulations available on the 
market. Formulas are classified based on their 
composition as listed below. They all contain a 
unique combination of macronutrients and 
micronutrients including vitamins, minerals, and 
trace elements.

 1. Polymeric formulas: These formulas contain 
intact protein, carbohydrates, and triglyceride 
polymers. These represent the most used for-
mulas for enteral feeding and are the most 
cost-effective.

 2. Monomeric/hydrolyzed/elemental/semi- 
elemental formulas: These formulas contain 
broken down products of macronutrients (i.e., 
amino acids/peptides instead of intact pro-
teins, hydrolyzed starch, maltodextrin, or corn 
starch instead of complex carbohydrates, and 
medium- and long-chain fatty acids instead of 
intact fats). They are most used in patients 
with impaired digestion or absorption or intol-
erance of polymeric formulas.

 3. Modular formulas: These formulas contain 
single nutritional components used for sup-
plementation to create new formulas or 
enhance nutrient content of a preexisting 
formula.

 4. Disease-specific formulas: There are formulas 
targeted for use in organ dysfunction or spe-
cific metabolic conditions.

 Formula Composition

 Carbohydrates
Carbohydrates are the main macronutrient and 
principal source of energy in most enteral formu-
lations, accounting for 40–90% of calories [21]. 
The osmolarity of a formula is mainly influenced 
by the amount and source of carbohydrates in the Fig. 18.2 Low-profile gastrotomy tube
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form of monosaccharides (i.e., glucose) and 
disaccharides (i.e., sucrose).

 Fat
The fat content of enteral formulas varies from 
less than 2 to 45% of total calories. A mixture of 
long-chain triglycerides (LCTs) and medium- 
chain triglycerides (MCTs) are often used. The 
most common sources of fat include corn oil, 
soybean oil, fish oil, and canola oil. MCTs are 
more easily hydrolyzed and absorbed via portal 
blood in comparison to LCTs, which require 
luminal transporters and lymphatics [22]. They 
do not, however, provide essential fatty acids, so 
a combination of MCTs and LCTs is usually rec-
ommended. Essential fatty acids like linolenic 
acid and linoleic acid are known to have some 
anti-inflammatory and anti-arrhythmic proper-
ties, slow platelet aggregation, and support 
metabolism [23].

 Protein
Enteral formulas may contain intact proteins, 
hydrolyzed proteins, or free amino acids. Proteins 
are digested in the proximal intestinal tract and 
are absorbed in the form of dipeptides, tripep-
tides, or single amino acids. Intact proteins refer 
to whole proteins like casein and soy protein. 
These formulations require normal levels of pan-
creatic enzymes for digestion and absorption. 
Semi-elemental or elemental formulations con-
tain hydrolyzed proteins and/or amino acids and 
are intended for patients with gastrointestinal dys-
function such as short bowel syndrome, malab-
sorption, or pancreatic exocrine insufficiency. 
Some enteral formulas add specific amino acids at 
pharmacological levels to help in wound and mus-
cle repair (i.e., glutamine). Glutamine is a non-
essential amino acid, synthesized mostly in 
muscles and serves as the primary energy source 
for the small intestine. In catabolic states, the 
release of glutamine from muscle and its utiliza-
tion by the GI tract mucosa increase [24]. This 
process may result in loss of muscle tissue. Thus, 
glutamine has been proposed as an essential nutri-
ent in catabolic processes and may be added to 
formulas designed for critical illness support [25].

 Fiber
Fiber, both insoluble and soluble, is a polysac-
charide found in plants that is not digestible by 
human enzymes. Soluble fermentable fiber is fer-
mented by the gut microbiota in the distal intes-
tine to produce short-chain fatty acids (SCFAs) 
which are a source of energy for colonocytes, 
supporting mucosal growth and promoting 
sodium and water absorption. Enteral formulas 
may contain a combination of both soluble and 
insoluble fiber or may be absent of fiber. Soluble 
fiber helps to control diarrhea by promoting 
sodium and water absorption. Insoluble fiber may 
treat constipation by decreasing colonic transit 
time through stool bulking [26, 27]. If a formula 
without fiber is used, fiber can be supplemented 
separately. The use of insoluble fiber–supple-
mented enteral formulas should be monitored 
closely, especially in critically ill patients, as 
cases of bowel obstruction have been reported. In 
such patients who have impaired gut motility or 
are at high risk of bowel ischemia, fiber-free for-
mulas should be used [28].

 Vitamins and Minerals
Most enteral formulas provide the recommended 
daily allowance of micronutrients including ade-
quate trace elements such as iron, copper, zinc, 
and iodine. Studies have shown that people who 
are on enteral nutrition for more than 6 months 
have higher blood levels of various vitamins [29, 
30]. Deficiencies can occur when the caloric 
intake from enteral feeding is low or when GI 
losses persistently exceed supplementation such 
as in patients with active inflammatory bowel dis-
ease or malabsorption secondary to other small 
intestinal or hepatobiliary pathology [31]. If vita-
min or mineral deficiencies are identified, a dif-
ferent formula should be used and additional 
supplementation should be considered [32].

 Water
Enteral formulas contain roughly 70–80% free 
water. The more calorically dense the formula, 
the less free water it contains [33]. Most patients 
receiving enteral nutrition will require an addi-
tional source of water to meet daily fluid needs, 
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and this is often provided through the feeding 
tube as flushes.

 Electrolytes
Mostly enteral formulas have adequate amounts 
of electrolytes to meet daily needs. Disease- 
specific formulations may have altered amounts 
as requirements of certain electrolytes may vary 
(i.e., renal disease formulations).

 Osmolality
The osmolality of enteral formulas ranges from 
270 to 700 mOSm/kg. The osmolality depends 
upon the concentration of free particles, mole-
cules, and ions. The higher the concentration of 
such components, the higher the osmolality. 
Some patients may have intolerance of hyperos-
molar/hypertonic formulas secondary to osmotic 
diarrhea.

 Special Dietary Considerations
Many formulas are available which are lactose 
free, gluten free, and/or vegan to accommodate 
specific dietary needs and food intolerances.

 Specific Disease States

Although most patients tolerate standard poly-
meric formulas, patients’ current medical condi-
tions and underlying medical history should be 
considered and may dictate specific formula 
selections and approaches to feeding.

 Diabetes
Nutritional guidelines for patients with type II 
diabetes to reduce morbidity and mortality 
include appropriate blood glucose control (i.e., 
80–130 mg/dL) and weight loss in the setting of 
overweight (BMI >25) or obese status (BMI >30) 
[5, 34]. The amount of carbohydrate in a formula 
is the main predictor of glycemic response and is 
important in maintaining blood sugar control. 
Enteral formulations designed to optimize glyce-
mic control typically contain less monosaccha-
rides and disaccharides, higher amounts of fat 
(usually in the form of monounsaturated fats), 
and higher fiber content. Although multiple for-

mulations exist, the most widely studied is 
Glucerna©. For example, a randomized con-
trolled trial of diabetic neurological patients with 
dysphagia who received either a diabetic formula 
or standard formula for up to 84 days showed that 
those on the diabetic formula had decreased insu-
lin requirements, decreased fasting glucose, and 
decreased hypoglycemic episodes [35]. A follow-
 up meta-analysis of 23 other studies that com-
pared diabetic to standard enteral formulas in 
patients with diabetes showed that diabetic for-
mulas were associated with decreased post- 
prandial rise in blood glucose levels, decreased 
peak in blood glucose concentrations, and 
reduced overall HbA1c, though overall these 
findings lacked statistical power indicating that 
routine use is still controversial [36].

 Renal Failure
Patients with acute renal failure tend to be hyper-
metabolic and hypercatabolic while those with 
chronic renal failure are at higher risk of sarcope-
nia and malnutrition [37]. Renal enteral formula-
tions contain altered amounts of free water, 
proteins, electrolytes, vitamins, and minerals to 
accommodate kidney dysfunction. Protein con-
tent is the main variation among the various renal 
formulations. For example, formulas for patients 
who are not yet on dialysis have restricted protein 
content, whereas formulas for patients who are 
on dialysis have higher protein content as dialysis 
induces catabolism and protein wasting [38]. 
Studies that have looked at oral or tube feeding in 
patients with chronic kidney disease suggest that 
enteral nutrition support significantly increases 
serum albumin concentrations and improves total 
dietary intake. This may improve clinical out-
comes, especially in malnourished patients, but 
insufficient published data exists to recommend 
these formulas routinely in patients with kidney 
disease [39]. In fact, current recommendations 
for critically ill patients with acute renal failure 
include nutritional support through standard for-
mulations [5].

 Pulmonary Disease/Critical Illness
There is decreased exhalation of carbon dioxide 
(CO2) in patients with respiratory failure, which 
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may lead to hypercarbia. In the 1980s, it was 
noted that high carbohydrate-containing nutri-
tional support formulas were associated with 
enhanced CO2 retention, and when carbohydrate 
substrate was decreased, respiratory rates also 
decreased [40–42]. During the acute and initial 
phases of critical illness, an exogenous energy 
supply in excess of 20–25 kcal/kg body weight 
(BW)/day should be avoided, whereas, during 
recovery, the aim should be to provide 25–30 
total kcal/kg BW/day [43]. The enteral formulas 
that are designated specifically for respiratory 
failure patients are calorically dense, as these 
patients usually have fluid restrictions, and are 
lower in carbohydrates/higher in fats to improve 
respiratory quotients and reduce hypercarbia. 
Formulas for ambulatory and critically ill patients 
additionally differ in the type of lipid they con-
tain, with alterations in ratios of omega-3 to 
omega-6 fatty acids. Non-critically ill formulas 
contain corn and safflower oils (which are higher 
in omega-6 fatty acids), while formulas for 
patients with acute respiratory distress syndrome 
(ARDS) or acute lung injury (ALI) contain 
marine oil and borage oil (which are higher in 
omega-3  fatty acids) [44]. Omega-3 fatty acids 
have been found to be more anti-inflammatory, 
reducing release of prostaglandins, thrombox-
anes, and leukotrienes. Use of formulas contain-
ing these types of fats in critical illness has been 
supported by meta-analysis, which associates a 
60% reduction in 28 day in hospital all-cause 
mortality [45]. Another prospective, multicenter, 
randomized, double-blinded, controlled trial 
which evaluated an omega-3 rich ARDS/ALI for-
mula in comparison to standard formula showed 
a benefit in the early stages of sepsis, preventing 
cardiovascular and respiratory deterioration [46]. 
Studies, however, have not routinely supported 
use of specialized critical care formulas as noted 
by a later randomized, placebo-controlled trial 
that failed to show mortality benefit with omega-3 
fatty acid–supplemented options and a meta-
analysis of six additional controlled trials which 
reported no improvement in all-cause mortality, 
28-day ventilator- free days, or 28-day ICU-free 
days [47, 48]. There is no actual consensus on the 
use of supplementation of antioxidants in patients 

with ARDS/ALI; thus, the use is based on the 
prescriber’s practice and an individual patient’s 
risk profile.

 Prone Positioning and Extracorporeal 
Membrane Oxygenation
During the SARS-CoV-2 pandemic, the use of 
lung-protective strategies such as prone position-
ing increased in frequency leading to safety anal-
ysis of enteral nutrition delivery in this position. 
Several retrospective and small prospective trials 
have shown that enteral nutrition during prone 
positioning is not associated with an increased 
risk of gastrointestinal or pulmonary complica-
tions and should still be used. Thus ASPEN rec-
ommends that patients requiring prone 
positioning also receive early enteral nutrition as 
is standardly recommended [49, 50]. When 
enteral nutrition is introduced during prone posi-
tioning, recommendations are to keep the head of 
the bed elevated (reverse Trendelenburg) to at 
least 10–25 degrees to decrease the risk of aspira-
tion of gastric contents, facial edema, and intra-
abdominal hypertension [51–53].

Another circumstance in critical illness that 
may affect nutritional needs is use of extracor-
poreal membrane oxygenation (ECMO), which 
can lead to delayed gastric emptying and bowel 
ischemia in the setting of enteral nutrition sup-
plementation. Early observational data has 
reported bowel ischemia as high as 4.5% in 
patients on ECMO receiving enteral nutrition 
[54]; however, additional analysis has also 
reported much lower rates of complications and 
high tolerability of enteral nutrition during 
ECMO use [55]. Overall, recommendations 
include close monitoring for tolerance to enteral 
feeing and slow advancement to goal over the 
first week of critical illness, especially in the 
setting of ECMO use.

 Inflammatory Bowel Disease
Adults with IBD are at increased risk of malnutri-
tion, with deficits more common in patients with 
CD than UC [56]. Exclusive enteral nutrition 
(EEN) is one of the first-line therapies for pediat-
ric CD, providing a complete nutritional feed 
while simultaneously inducing remission in up to 

18 Enteral Nutrition



292

80% of cases. Although this approach can also be 
used in adults, evidence suggests higher efficacy 
in pediatric populations due to tolerance and 
mucosal inflammation patterns [57, 58]. Specific 
micronutrient deficiency states are relatively 
common in CD due to small bowel inflammation 
and should be trended closely. The most common 
deficiencies are iron and B12, especially in those 
with a history of ileal disease.

Standard EN (polymeric, moderate fat con-
tent, no specific supplements) is usually appro-
priate for primary and supportive nutritional 
therapy in active IBD [59, 60].

 Liver Failure
Patients with hepatic encephalopathy have 
decreased levels of branched chain amino acids 
(BCAAs) and higher levels of aromatic amino 
acids (AAAs), both in blood and cerebrospinal 
fluid due to poor hepatic deamination [61, 62]. 
Liver failure formulations contain a lower total 
protein and AAA content, but a higher amount of 
BCAA to accommodate these metabolic changes. 
Formulas are more calorie dense and low in 
sodium to address underlying edema and ascites, 
and fat-soluble vitamins are given at lower doses 
to prevent accumulation. Although in theory 
these formulas have therapeutic benefit, studies 
have not consistently shown better outcomes, and 
standard polymeric regimens can often be trialed 
first.

 Immune-Modulating Formulas
Specific nutrients can influence the immune sys-
tem. As such, non-essential nutrients like argi-
nine, glutamine, nucleotides, and omega- 3 fatty 
acids have been hypothesized to have beneficial 
effects on immune response, wound healing, 
inflammation, and defense against infection [23, 
63, 64]. Arginine, a precursor of nitrous oxide, 
may not be adequately produced by critically ill 
patients. Many studies have been done in patients 
after major surgery, trauma, and burn injury 
addressing this question [65]. A recent study 
compared natural killer (NK) cell activity and 
related cytokine in patients receiving soybean 
oil-containing enteral nutrition (control group) 
versus a plant-derived n-3 fatty acid-enriched 

formulation. The study correlated plant-derived 
n-3 fatty acid supplementation with enhanced 
NK cell activity [66]. Based on this finding and 
additional literature, ASPEN now recommends 
consideration of “immune-modulating enteral 
formulations (supplemented with agents such as 
arginine, glutamine, nucleic acid, omega-3 fatty 
acids, and antioxidants)” in appropriate patient 
populations such as those post-major elective 
surgery, trauma, burns, head and neck cancer, and 
in critically ill patients on mechanical ventilation. 
These recommendations are classified as grade A 
for surgical ICU patients and grade B for medical 
ICU patients, recognizing that beneficial effects 
of immune-modulating formulas are more uni-
formly seen in patients undergoing major surgery 
than in critically ill mechanically ventilated 
patients [5]. There is no general indication for 
immune-modulating formula in patients with 
severe illness or sepsis and an APACHE II 
score > 15. Glutamine should be supplemented in 
patients suffering from burns or trauma [43].

 Framework for Enteral Feeding 
Initiation

The society of Critical Care Medicine (SCCM), 
ASPEN, and the Canadian Clinical Practice 
Guidelines support the use of protocols and 
enteral order sets for safe delivery. These order 
sets contain (1) patient identifiers, (2) formula 
name, (3) enteral access device site, and (4) 
administration method [67].

 Calculating Nutritional Needs
Determination of enteral nutrition prescription 
includes the following:

 1. Calorie Calculation: Formula type dictates 
caloric density of the formula (i.e., standard 
polymeric formula is 1.0 kcal/milliliter (mL) 
of formula). Required kcal/day for a patient 
should be calculated using standard equa-
tions, indirect calorimetry, or approximation 
based on body weight (i.e., 25–35 kcal/kg of 
body weight/day). The amount of daily kcal 
needed is divided by a formula’s caloric 
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 density to determine the number of milliliters 
to be given per day (i.e., if 2000 kcal/day are 
needed and a standard polymeric formula is 
used which delivers 1.0 kcal/mL, the patient 
would need 2000 mL/day).

 2. Protein Calculation: Total protein delivered/
day is also important and is determined by 
calculating daily formula provision in mL by 
grams of protein/L found in the formula (i.e., 
if 2000 mL/day of formula is given and 1 L of 
formula provides 44 g of protein, 88 g of pro-
tein are delivered to the patient/day). Overall 
protein needs are calculated based on underly-
ing condition and total body weight; on aver-
age, patients require 1–2  g protein/kg body 
weight/day (higher amounts in states of criti-
cal illness).

 3. Fluid Calculation: To determine the total 
amount of fluid delivered by the formula in 
mL/day, the percent water of the formula is 
multiplied by the daily formula provision in 
mL. Additional fluid is often needed to meet 
overall daily fluid goal (i.e., if 2000 mL for-
mula is delivered that is 84% water, 1680 mL 
of water is provided in the formula. If the 
patient requires 2200  mL of water/day, an 
additional 520 mL of water would need to be 
provided on top of the formula, often given as 
water boluses. Fluid needs of the average 
patient are also calculated as 25–25  mL/kg 
body weight/day).

 4. Flow Rate: To determine the rate of feeding, 
the total number of mL of formula to be deliv-
ered is divided by the number of hours of 
delivery (i.e., 2000  mL formula/day over 
24 hours would require 83.3 mL/hour of for-
mula to be given) [20, 67].

 Delivery Methods
Enteral formulas can be administered by bolus 
method, continuous feeds, or intermittent feeds. 
Which method to use is determined by the type 
and location of access device, patient tolerance to 
feeding, and clinical condition of the patient [68].

Bolus infusions are generally used when 
patients are being fed into the stomach. Bolus 
feeds cannot be used in the small intestine as 
the lumen is smaller in caliber than the stom-

ach and it lacks a sphincter to control the out-
flow of contents. Bolus feeds are the most 
preferable method of enteral nutrition delivery 
as they are physiological and take the least 
amount of time. These types of feeds are 
achieved by administering a set volume of for-
mula at specified time intervals over a short 
period of time through a syringe. Up to 500 mL/
formula can be given at one time (usually over 
5–10 minutes), though some patients may only 
tolerate lower total amounts (i.e., 200–300 mL) 
due to abdominal discomfort, pain, and nausea. 
If unable to tolerate true bolus feeds, delivery 
can be adjusted through a gravity bag and roller 
clamp [69].

Continuous infusion drips are used in patients 
who are being fed by jejunostomy tube, who are 
critically ill, and/or who are at high risk for 
refeeding syndrome [68]. Continuous feeds 
require a pump to control infusion rate. Typically 
feeds are started at 20–50 mL/hour and advanced 
as tolerated to achieve the goal rate, which can be 
as high as 120  mL/hour [70]. An intermittent 
infusion method uses gravity or pump delivery. 
This is popular for home enteral feeding. 
Approximately 1.5–2 liters of feeding can be 
delivered over an 8–16  hours period overnight 
[71]. A meta-analysis of 14 trials looking at con-
tinuous and intermittent feeding in critically ill 
patients showed that continuous feeding was 
associated with lower overall incidence of feed-
ing intolerance, especially in high gastric volume 
and aspiration [72].

 Complications

Enteral nutrition is a very safe modality. However, 
complications can occur due to the equipment 
used or conditions associated with feeding. These 
complications can be classified as minor or major 
[73]. Although there is low procedure-related 
mortality in most studies, the mortality rate may 
increase in patients with underlying comorbidi-
ties. A thorough evaluation of the patient must 
take place before starting on enteral nutrition, 
and frequent follows-ups are recommended to 
assess for complications [74].
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 Gastrointestinal
Nausea and vomiting occur in approximately 
7–26% of patients who receive enteral nutrition 
[75]. Vomiting can increase risk of aspiration. 
Delayed gastric emptying is one of the most com-
mon causes of nausea and vomiting and is com-
mon in hospitalized patients. Infusing 
large-volume feeds in one setting may also be 
implicated. When delayed gastric emptying is 
suspected, switching to a low-fat and/or isotonic 
formula, administering at room temperature and 
at reduced rate of infusion, changing to infusion 
from bolus, and adding a prokinetic agent such as 
metoclopramide or erythromycin can be consid-
ered [76, 77].

Gastric residual volumes (GRVs) have been 
used to assess tolerance to enteral feeding. 
However, elevated GRVs do not always correlate 
with intolerance. Some studies in critically ill 
patients do report that high GRVs can be an early 
marker of upper digestive intolerance, which can 
lead to higher incidence of nosocomial pneumo-
nia, longer ICU stays, and higher ICU mortality 
[78]. These studies, however, have been criticized 
as there are multiple confounders affecting 
GRV. First, there are no standardized methods for 
checking GRVs. Second, several factors can 
affect GRV measurement, such as the type and 
inner diameter of a feeding tube, the position of 
the feeding ports in the stomach, and the position 
of the patient’s body. For example, if the end of 
an enteric tube is near the gastroesophageal junc-
tion, less fluid will be suctioned than a deeper 
positioned tube. Additionally, GRVs obtained 
from larger-diameter (14 and 18 Fr) sump tubes 
are noted to be approximately 1.2–1.7 times 
greater than those taken from smaller-diameter 
(10 Fr) tube. For these reasons, GRVs are often 
thought to have less clinical relevance than other 
indicators [79]. There is a Cochrane review cur-
rently under process to investigate the clinical 
efficacy and safety of monitoring GRV during 
enteral nutrition to continue to answer these 
questions [80]. As of now, ASPEN recommends 
against the use of GRV to assess enteral nutrition 
intolerance.

Alternative strategies to monitor critically ill 
patients receiving enteral nutrition include careful 

daily physical examinations, review of available 
abdominal radiologic films, and evaluation of clini-
cal risk factors for aspiration. GRVs in the range of 
200–500 mL may raise concern and lead to the 
implementation of measures to reduce risk of aspi-
ration but should not be used alone for determining 
the need to stop enteral nutrition in the absence of 
other Enteral nutrition (EN) enteral feeding initia-
tiongastrointestinal signs of intolerance [81, 82].

Abdominal distension and bloating are also 
common symptoms with enteral nutrition deliv-
ery. These symptoms can be due to many factors 
including presence of Ileus, ascites due to other 
medical comorbidities, constipation, or obstruc-
tion. Patients should be carefully assessed by 
overseeing clinician daily to identify these issues. 
Additionally, rapid formula administration, infu-
sion of cold formula, or initial use of fiber supple-
mented formula may contribute to abdominal 
distension. Flat and upright abdominal X-rays are 
most often used to diagnose causes of distention. 
Injection of small amount of contrast material 
into the feeding tube, with observation of intesti-
nal anatomy and motility under fluoroscopy or 
CT scan, can also provide a clear picture of the 
clinical situation. If no obstruction is seen, enteral 
nutrition may be continued with changes in deliv-
ery method as previously discussed.

Diarrhea
Diarrhea is one of the most common reported side 
effects of enteral nutrition. Normal water content 
of stools is about 100–200 mL/day. Diarrhea has 
been defined as >500  mL stool output every 
24 hours, or more than three stools per day for at 
least 2 consecutive days [83]. Most formulas are 
of 1 kcal/mL strength, are lactose free, isotonic 
and not excessively high in fat so less likely to 
cause diarrhea, thus alternative causes of diarrhea 
should be identified before changing formula 
type. These include enteric infections and medi-
cations. Infusion of hypertonic enteral feeding 
products at a very high rate or by bolus in small 
bowel can induce diarrhea and should be consid-
ered in these select patients. In such cases, chang-
ing the formula to isotonic may be beneficial.

If the diarrhea is clinically significant and no 
other cause is identified, changing formula type 
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can be considered [84]. Addition of supplemental 
soluble fiber or changing the formula to one with 
added fiber has been shown to help with diarrhea 
[85]. Addition of probiotics has also been investi-
gated; however, studies are inconclusive and sys-
temic review analysis questioned safety, so this 
approach is not currently recommended in guide-
lines [86–88].

Constipation
Common causes of constipation include dehydra-
tion and inadequate or fiber intake (as fiber 
reduced colonic transit time). Stool softeners, 
laxatives, and enemas can be used to alleviate 
constipation. Generally chronic use of stimulant 
laxatives is not recommend as this may result in 
tachyphylaxis.

A summary of enteral tube complications can 
be found in Table 18.1. One of the more com-
mon complications is buried bumper syndrome, 
which occurs when the internal gastric bumper 
migrates through the gastric wall. The tube 
should be adjusted and/or removed as soon as 
the diagnosis is made, as grave complications 
such as perforation of the stomach, peritonitis, 
and death may occur without appropriate man-
agement [89, 90]. The tube can be removed 
endoscopically, surgically, or at bedside by pull-
ing it out directly if it was placed >30 days prior 
to the complication developing [91]. Buried 
bumper syndrome can be avoided by regular 
checking of the PEG tube position and leaving a 
small distance between the external bumper and 
the patient’s skin.

Skin care is crucial for maintenance of enteral 
tubes and prevention of infection, both nasal and 
percutaneous. Patients with nasal tubes can have 
skin damage due to adhesives and tape products. 
To prevent pressure necrosis, repositioning nasal 
tubes is helpful. The skin around the percutane-
ous tubes should also be washed with mild soap 
and water and dried thoroughly. Routine hydro-
gen peroxide and antibiotic creams are not rec-
ommended. Zinc oxide ointment can be used 
locally for irritation from leakage of stomach 
acid. Dressings around the tube should be placed 
without excessive tension to prevent infection 
and buried bumper syndrome.

Clogging of enteral tubes is common due to 
accumulation of formulas or pills. Flushing of 
tubes with water before and after feedings and 
medications is recommended to help prevent 
clogging. There are data on the use of pancreatic 
enzymes to prevent clogging, often in combina-
tion with other substrates [92]. For example, pan-
creatic enzymes with bicarbonate and 10 mL of 
warm water can help unclog tubes [93]. It is 
important to avoid using cytology brushes to 
clean out tubes, given the risk of perforation.

The development of hyper-granulation tissue 
around percutaneous enteral access is common. 
Factors such as friction from a poorly secured 
tube and excess moisture due to fluid leakage 
causing skin breakdown at the exit site can lead 
to granulation tissue development. Application of 
barrier creams may help with friction. Other 
treatment options include topical antimicrobials, 
low-dose steroid creams, cauterization via silver 
nitrate, and surgical removal with varying effi-
cacy [94].

 Metabolic
Electrolyte abnormalities can happen in patients 
receiving enteral feeding, most commonly due to 
dehydration or overhydration. Refeeding syn-
drome is one of the more serious metabolic com-
plications and usually occurs in patients who were 
previously malnourished. With refeeding syn-

Table 18.1 Complications of enteral feeding tubes

Type of access Tube-related complications
Short-term 
access

1.  Nasal mucosal damage and 
ulceration

2. Discomfort
3. Gastritis, gastric bleeding
4. GI perforation
5. Pulmonary abscess
6. Pneumothorax
7. Aspiration pneumonia
8. Sinusitis
9. Clogging

Long-term 
access

1. Peritonitis
2. Necrotizing fasciitis
3. Buried bumper
4. Wound infection
5. Peristomal leakage
6. Bleeding
7. Gastric outlet obstruction
8. Inadvertent tube removal
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drome, decrements in electrolytes may occur in a 
matter of hours and may lead to arrythmias, respi-
ratory and cardiac failure, aspiration, and even 
death. Clinicians should review the labs of mal-
nourished patients before initiation of enteral feed-
ing, looking for underlying electrolyte disturbances 
including hypophosphatemia, hypokalemia, or 
hypomagnesemia. Such patients should be well 
resuscitated prior to initiation of feeding and 
should be monitored with frequent electrolyte 
monitoring for first few days until stable. 
Furthermore, feeding should be advanced slowly 
and not exceed 15–20 kcal/kg of body weight/day 
in high-risk patients until clinically stable [95].

 Aspiration
Aspiration of enteral feeding formula is a serious 
complication that can lead to pneumonitis, pneu-
monia, atelectasis, empyema, acute lung injury, 
acute respiratory distress syndrome, and even 
death. Studies have looked into aspiration events 
in critically ill patients using tracheal secretions 
tested either for pepsin (enzyme in gastric fluid) 
or yellow microscopic beads added to the enteral 
formula. These studies have reported a 22–31% 
presence of gastric contents in tracheal aspirates, 
a number that was highest in patients with low 
back rest elevation, gastric feeding, and gastro-
esophageal reflux disease [96]. The most signifi-
cant independent risk factors for pneumonia were 
aspiration, use of paralytic agents, a high seda-
tion level, and tube mispositioning including dis-
lodgement when transporting within the hospital 
[97]. In terms of protective factors, head of bed 
elevation to 30°–45° has been found to reduce 
incidence of pneumonia from 23% to 5% [98]. 
Additionally, lower levels of sedation, which 
allows for a stronger cough/gag reflux, have also 
been found to be protective [97, 99].

Use of prokinetic agents such as erythromycin 
or metoclopramide has resulted in little change in 
clinical outcomes for ICU patients in terms of aspi-
ration events. A total of 8 randomized controlled 
trials using metoclopramide and 1 trial combining 
erythromycin with metoclopramide were reviewed 
in a meta-analysis that reported no difference in 
terms of mortality or infection with the use of pro-
kinetic agents [100–102]. Combination therapy 
with erythromycin and metoclopramide did dem-

onstrate improved GRVs allowing for greater feed-
ing success; however, neither hospital length of 
stay (LOS) nor mortality was improved. Both 
agents may have serious side effects including QTc 
prolongation that can lead to fatal arrhythmias. 
Additionally, metoclopramide has a black box 
warning for irreversible neurotoxicity (i.e., tardive 
dyskinesia), seen more frequently in the elderly. 
Such agents should therefore be used with caution 
[103]. Changing the level of infusion of enteral 
nutrition from the stomach to the small bowel has 
been shown to reduce the incidence of regurgita-
tion, aspiration, and pneumonia [104, 105].

 Head and Neck Tumor Seeding
A rare complication of enteral nutrition access 
placement in patients with head and neck cancers 
is tumor seeding. It is believed that seeding occurs 
during the “pull” or “push” method when the tube 
is in contact with the oropharyngeal cancer during 
insertion. The actual risk of this complication is 
unknown, with some studies suggesting this is 
related to hematogenous or lymphatic spread of 
cancer cells to a susceptible site and not from tube 
placement methods [106, 107].

 Conclusion

If nutritional needs cannot be met through oral 
intake alone due to intolerance or contraindica-
tion, enteral nutrition support may be needed and 
is the preferred method of nutrition delivery in 
the presence of a functional gut. Access can be 
obtained for short- or long-term care, and recog-
nizing appropriate patients, calculating needs, 
and managing complications are vital to success 
of enteral support.
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