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KEY POINTS

� The overwhelming majority of patients with inflammatory bowel disease (IBD) have some
degree of malnutrition.

� IBD can lead to specific nutrient deficiencies.

� There can be significant microbial alteration in intestinal flora in patients with IBD.

� Nutritional support is a critical aspect of the overall care of patients with IBD.

� Patients with IBD require special perioperative nutritional support.
INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease (CD) are the 2 most prevalent chronic in-
flammatory disorders of the digestive tract and affect approximately 1 million Ameri-
cans. They have common clinical and pathologic features, but each is a distinct
condition requiring individual approaches to management. CD can occur at any part
of the gastrointestinal tract and may cause transmural tissue damage, whereas UC af-
fects only the superficial mucosal layer of the colon and rectum. In both of these con-
ditions, there is an activation of the immune system that results in chronic
inflammation and ulceration. The underlying cause of inflammatory bowel disease
(IBD) has not been completely elucidated, but it is thought to be multifactorial, with
both genetic and environmental factors playing a role.
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The incidence and prevalence of UC and CD continue to rise in the developing
world.1 The observed differences in the disease incidence across age, time, and
geographic region suggest that environmental factors may significantly modify the
expression of CD and UC.1 This continuing increase in the number of patients diag-
nosed with IBD strongly suggests an environmental trigger that may be related to di-
etary patterns.2
EFFECT OF INFLAMMATORY BOWEL DISEASE ON DIET, NUTRITION, AND METABOLISM

Studies have shown that up to 92.1% of patients with IBD are considered malnour-
ished and many factors can contribute to their overall nutritional state (Table 1).3

Recent evidence suggests that even patients who appear clinically to be well nour-
ished may harbor baseline vitamin and mineral deficiencies, even during periods of
disease remission.4,5 Patients with IBD frequently ask their physicians for recommen-
dations regarding diet to improve or even cure their gastrointestinal symptoms while
obtaining the appropriate quantities of both micronutrients and macronutrients.
Despite data that suggest dietary factors may play a role in the onset and course of
IBD, there is very limited information regarding specific foods to avoid or include in
a patient’s diet. Currently, the only recommendation most health care providers can
offer is to adhere to a healthy and varied diet.6 To further confound the issue, important
clinical trials on this topic have been limited by their inability to include a placebo
control, contamination of study groups, and inclusion of patients receiving medical
therapies.7

Dietary Intake in Patients with Inflammatory Bowel Disease

Studies have yet to reliably demonstrate an association between the Western diet rich
in carbohydrates, starch, and sugar with worsening of IBD symptoms.8 However, ob-
servations of detailed dietary journals reveal most patients with IBD continue to self-
restrict their diet.9 Pain and inflammatory mediators are known to induce anorexia and
cachexia, thus a relationship between disease activity and nutrient intake exists in IBD.
Patients admit to restricting certain foods to alleviate perceived symptoms or triggers
for active disease. The most commonly avoided food groups among this patient
population are dairy products and fiber-containing foods. Studies have shown that
avoiding dairy is actually associated with an increase in severity of gastrointestinal
symptoms, in addition to decreased levels of serum calcium and folate.10 Fiber has
been shown to play a role in decreasing inflammation systemically; however, there
is limited evidence supporting supplementation or restriction of fiber-containing foods
in patients with IBD.11 Also of concern, the fat intake of the average patients with IBD is
above current recommended values.9
Table 1
Etiologies of malnutrition in inflammatory bowel disease

Drug Interactions Abdominal Pain

Inflammation Stricture formation

Fistula formation Hypoalbuminemia

Short-gut syndrome Diarrhea

Anorexia Malabsorption

Altered bacterial flora Disease chronicity

Nutrient losses from gut Increased resting energy expenditure
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Specific Nutrient Deficiencies in Inflammatory Bowel Disease

The pathophysiology of IBD predisposes patients to certain nutritional deficiencies
(Table 2). To complicate matters further, the medications that are prescribed to treat
these conditions can also negatively affect the nutritional state of this special patient
population (Table 3).
Patients with IBD frequently exhibit calcium deficiencies due to the binding of cal-

cium to unabsorbed fatty acids in the intestinal lumen, anatomically reduced absorp-
tive surface area due to diseased tissue or secondary to intestinal resections, and
patients’ common practice of restricting dairy in their diets. The most common
disease location in patients with CD is the terminal ileum, which causes distinct prob-
lems associated with bile acids, which are selectively reabsorbed in this region. As a
result, these patients may experience fat-soluble vitamin deficiencies (vitamins A, D, E,
and K) secondary to fat malabsorption. The use of medications such as sulfasalazine
renders folate unavailable for absorption in the intestinal lumen. Therefore, folic acid
supplementation is recommended if patients have low levels of serum folate. Zinc defi-
ciency leads to increased apoptosis of intestinal cells and should be avoided in IBD.12

Iron deficiency is common in patients with IBD and is a major concern for the devel-
opment of anemia. The concurrent vitamin B12 deficiency that is observed in these
patients can exacerbate this problem. Disease in the terminal ileum can further
increase this prevalence as well as patients requiring resection of this important
area of the bowel. Low circulating vitamin D levels have been reported as a risk factor
for IBD and studies suggest that this associates with more severe disease.13 Studies
also suggest that adequate intake of nutrients is important to prevent bone loss. Not
surprisingly, an increase in prevalence of decreased bone mineral density has been
reported in patients with IBD.14 Considering these circumstances, prescribing appro-
priate nutrient supplementation in early stages of disease is thought to decrease
morbidity and mortality and should be considered.

Microbial Alterations in Inflammatory Bowel Disease

There is a symbiotic relationship between patients and their enteric community of mi-
crobes, referred to as the microbiota. This relationship provides nutritional optimiza-
tion, protection against pathogenic organisms, and promotes immune homeostasis.
Dysbiosis, or the imbalance of the normal enteric microbiota composition, along
with altered mucosal immune response to luminal bacterial antigens, leads to the
Table 2
Nutrient deficiencies in inflammatory bowel disease

Nutrient
Class Specific Nutrient Deficiencies Additional Considerations

Vitamins Vitamins A, C, K, B12, D International normalized ratio may be
reduced due to low vitamin K levels

Electrolytes Na, K, Cl Most often occurs in patients with short
bowel syndrome

Minerals Magnesium, iron, zinc, calcium Normal ferritin levels (acute phase reactant)
do not exclude iron deficiency anemia

Parathyroid hormone levels may be elevated
due to low Ca levels

Protein Serum albumin, total protein 50%–80% of patients with Crohn’s disease
and 25%–50% with ulcerative colitis have
low levels



Table 3
Adverse effects of medications and their effect on nutrition

Drug Adverse Effect Etiology of Malnutrition

Aminosalicylates Abdominal pain and cramping Decreased intake

Immunomodulators Intestinal ulceration
(mercaptopurine)

Malabsorption

Corticosteroids Alterations in metabolism, binding
interactions

Decreased absorption, increased
losses

Biologic agents Dyspepsia, pancreatitis, abscess
formation, intestinal perforation
(infliximab)

Decreased intake

All medications used in the treatment of inflammatory bowel disease can cause nausea, vomiting,
and diarrhea.
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chronic inflammation seen in IBD.15 Individual susceptibilities, genetic variants, and
environmental factors, such as nutrition, medications, and smoking, can all modify
one’s luminal environment and microbiome.16,17 Therapies targeted at restoration of
enteric flora, including prebiotics, probiotics, and dietary polyphenols have been
investigated with some encouraging results.15 When used in conjunction with a nutri-
tionally diverse diet, these therapies favorably affect the overall microbial balance and
possess anti-inflammatory properties. The result is a more appropriate immune
response, enhanced gut barrier function, and increased absorptive capacity.18,19

Pediatric Patients with Inflammatory Bowel Disease: A Special Patient Population

Children with IBD, especially CD, represent a special challenge to clinicians. Vitamin
and nutritional deficiencies as a result of IBD confer consequences unique to children
and adolescents, such as growth stunting, slower pubertal development, and delayed
weight gain.20 Up to 85% of patients with a childhood diagnosis of CD exhibit linear
growth deficiency and delayed puberty.21 The delay in growth observed in these chil-
dren can be linked to malnutrition and the effects of the inflammatory process on the
growth plate via the alterations in the growth hormone/insulinlike growth factor-1
axis.22 Thus, long-term control of active inflammation and adequate intake of nutrients
are both fundamental in promoting normal growth and puberty.21 To further compli-
cate the care of these patients, glucocorticoid therapy remains a mainstay for treat-
ment for active disease, which clearly shows deleterious effects on growth in these
children. Frequent and detailed nutritional assessments, including weight, height,
and pubertal stage, should be considered critical in children and adolescents with
any history of IBD.

DIAGNOSIS AND TREATMENT OF MALNUTRITION IN INFLAMMATORY BOWEL DISEASE
Nutritional Assessment

It is recognized that malnutrition is not readily diagnosable in early IBD, and even
among experts there is no full agreement on the elements that define malnutrition.23,24

In the past only low body mass index (BMI) was associated with malnutrition, but we
now know patients can lack vital nutrients while maintaining a normal to even obese-
range BMI. In a large prospective cohort of US women, measures of obesity were
associated with an increased risk of CD, and dietary logs reported less than ideal
diet habits among these individuals.25 Given the high percentage of patients with
IBD at risk for malnutrition, self-screening may increase the detection of nutritional



Nutritional Support in IBD 1275
deficiencies. Self-administered testing using the malnutrition universal screening tool
has been shown to be reliable and easy to use and we should encourage patient
involvement in self-screening.26 Studies demonstrate that patient access to high-
quality, written, IBD-specific information is variable, and nutritional software applica-
tions that are available for download onto electronic devices are an appropriate way to
engage patients, especially those in the younger generations.27,28 At the very least, a
detailed dietary history is necessary to get an appropriate estimate of food intake and
is recommended. Obtaining BMI, serial weights, and laboratory studies, such as albu-
min and iron studies, are useful information to follow to provide a trend for your pa-
tient’s nutritional status. Muscle mass depletion, as well as fat mass depletion, were
observed in patients with IBD and should be monitored.29

Nutritional Therapy

Although traditionally bowel rest was used in the treatment of IBD, it is no longer rec-
ommended.30 Enteral nutrition is now considered a mainstay of treatment and should
be considered. The exact mechanism by which enteral nutrition improves IBD remains
unclear, but it is thought to decrease systemic inflammatory response and the subse-
quent hypermetabolic state during active disease.31 Specific enteral diet composi-
tions have not shown to confer any advantage over standard polymeric diets
among these patients.32,33 In addition to having the benefit of minimal adverse effects,
enteral nutrition enhances mucosal healing, controls local inflammation, and confers
benefits for growth and overall nutritional status.32

There is robust evidence of the effectiveness of enteral nutrition in patients with
CD.34 Randomized controlled trials estimate an overall remission rate of 60% in pa-
tients with CD with enteral nutrition alone.35 Enteral nutrition has been to shown to
decrease mesenteric adipose tissue hypertrophy and inflammation, a hallmark of
active CD.36 Stricture formation as a result of the inflammatory response to transmural
intestinal edema is the most frequent complication of CD and a common indication for
operative intervention in these patients. Exclusive enteral nutrition has been associ-
ated in studies with a 59% decrease in bowel wall thickness, as well as a 331%
increase in luminal cross-sectional area.37 Despite the usefulness of enteral nutrition,
it is no panacea and corticosteroids continue to play a role in treating active CD with
increased rates of remission.33 Even with the robust evidence of the utility of exclusive
enteral nutrition, there is a wide variability in its use. It is believed that monotony of the
therapy would lead to poor patient compliance, but that has not been shown in studies
and should be considered.38

In IBD, the use of total parenteral nutrition (TPN) should be restricted to those
patients in whom enteral nutrition is contraindicated or only during special circum-
stances, such as patients with short-gut syndrome, high-output fistulas, or intolerance
of enteral nutrition.39 In these instances, TPN should be used as a short-term solution
and conversion to enteral nutrition should begin as soon as appropriate. In addition to
the higher risk of complications, a lower quality of life was reported by patients who
were subjected to parenteral nutrition.40
PERIOPERATIVE CONSIDERATIONS

Surgery rates for patients with UC and CD have been declining recently, but remain
very high compared with the general population. Recent population-based cohorts
report surgery rates of 10% to 14% after 1 year and 18% to 35% after 5 years in pa-
tients with IBD.41 More notably, up to 75% of patients with CD will require an operation
at some point during the course of their disease.42 Undergoing a surgical procedure
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induces a stress response in these patients, which has a catabolic effect on the body’s
substrate stores. Nutrients that are believed to have immune-enhancing effects, such
as glutamine, arginine, and taurine, become rapidly deficient under this surgical stress.
Interestingly, studies have suggested that the supplementation of these nutrients may
counteract the negative effects of surgical injury and improve clinical outcomes post-
operatively.43 Additionally, nutritional therapy should be considered in these patients
to reverse their catabolic state and provide the support for healing of operative
wounds.
Research continues to demonstrate that disease-related malnutrition in patients

with IBD is a serious clinical problem in both hospitalized and nonhospitalized pa-
tients.44 A malnourished state is associated with increased inpatient length of stay,
increased mortality, increased infection rates, and higher resource utilization.23 Surgi-
cal site infections continue to be an important perioperative complication that can
significantly contribute to this reported increase in duration of hospital stay and post-
operative morbidity. Studies reveal that having a low preoperative nutritional index
correlates with an increased incidence of surgical site infections after bowel resection
in CD. Also of concern, postoperative intra-abdominal septic complications were
demonstrated in 9% to 12% of patients with CD after surgery.45 Preoperative exclu-
sive enteral nutrition (EEN) may reduce these risks, as research has shown that
patients who receive EEN suffer a lower risk of septic complications.46 Furthermore,
the risk of anastomotic leak is significantly increased in patients whose preoperative
albumin levels are lower than 3.5 g/dL and low albumin levels may be associated
with higher rates of abdominal septic complications after surgery in patients with
CD.47,48 Enterocutaneous fistulas (ECFs), highly morbid conditions that can lead to
sepsis and death, remain a dreaded complication for surgeons. Aggressive nutritional
support remains the most significant predictor of outcome with ECFs and cannot be
overemphasized.49 The elderly are a special population and are at an increased risk
of hospital-related and therapy-related complications.50 Despite this, some studies
surprisingly demonstrate that they may have the same surgical complication rate as
younger patients with IBD in the contemporary era.51 Enteral nutrition optimization
before elective surgery is therefore essential for all patients. Also notable for surgeons,
preoperative fasting has a negative effect on the patient’s condition and recovery after
surgery and should be discouraged, if possible.43
SUMMARY

IBD remains a very complex issue that every surgeon will most likely encounter during
his or her practice. The very nature of IBD lends itself to the development of nutritionally
deficient states and the medications that are prescribed by physicians can further com-
pound these nutritional problems. Surgeons must therefore be aware of the nutritional
issues specific to this patient population and screen for underlying deficiencies thatmay
be present, even in disease remission. Nutritional screening must be an integral part of
the preoperative workup and postoperative plan, including supplementation where
appropriate. Enteral nutrition should be encouraged and TPN should be used only in
a small set of circumstances and only until enteral therapies can be instituted.
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