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a b s t r a c t

There is an undeniable link between gastrointestinal disorders and
malnutrition. Chronic diarrhoea is one of the most common
gastrointestinal conditions that can impact a patient’s nutritional
status. The nutritional consequences will depend on the cause of
the diarrhoea as well as the location and extent of gastrointestinal
involvement. In general, malabsorption plays a central role in the
interaction between malnutrition and chronic diarrhoea. Malab-
sorption can result in both nutritional deficits and diarrhoea. With
severe malnutrition, chronic diarrhoea can persist due to impaired
immune function and poor mucosal recovery. Food intolerance and
an inappropriate diet in the setting of malabsorption may also
contribute to chronic diarrhoea. Patients may attribute their
gastrointestinal symptoms to specific dietary intake, which can
lead to self-imposed indiscriminate dietary restrictions. Therefore,
disease-specific treatment in conjunction with appropriate nutri-
tional counselling and intervention is recommended in the
prevention and treatment of malnutrition in patients with chronic
diarrhoea. Specialized nutritional support through enteral or
parenteral administration may be required to treat severe caloric
and micronutrient deficiencies. In this review, we aim to
summarize the mechanism, diagnosis, and treatment of the
nutritional consequences of chronic diarrhoea.
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Introduction

Malnutrition in chronic diarrhoea covers a wide range of diseases that are associated with
several overlapping nutritional consequences. The nature and severity of malnutrition depend on
the cause of chronic diarrhoea as well as the location and extent of gastrointestinal involvement.
The nutritional impact of chronic diarrhoea is best described in the paediatric literature. Starting in
the 1960’s, field studies in developing countries have demonstrated the negative impact of chronic
diarrhoea on growth and development [1]. These studies were the first to correlate the severity of
chronic diarrhoea with the anthropometric markers of malnutrition, such as stunting and muscle
wasting [2–4]. It appears that chronic diarrhoea and malnutrition have a bidirectional causal
relationship. Just as chronic diarrhoea predisposes to nutritional deficits, malnutrition increases the
risk of having protracted diarrhoea due to general debility, poor immune response, and other
adverse mucosal factors [5].

Chronic diarrhoea

Chronic diarrhoea was defined by a consensus statement of the American Gastroenterological
Association as a reduction in fecal consistency lasting more than four weeks [6]. This definition has
varied among different studies on chronic diarrhoeawhich complicates the extrapolation of prevalence
data as well as the determination of actual causes and complications of chronic diarrhoea. There are
a number of causes of chronic diarrhoea including: infectious etiologies, pancreatic disorders, intestinal
diseases, endocrine-related causes such as hyperthyroidism, prior gastrointestinal surgeries, immune
deficiencies, food intolerances, and medications, to name a few. In population-based studies, the
leading causes of chronic diarrhoeawill likely depend on the prevailing socioeconomic environment. In
the United States, the common causes of chronic diarrhoea are due to irritable bowel syndrome,
inflammatory bowel disease (including microscopic colitis), malabsorption syndromes (such as coeliac
disease), and chronic gastrointestinal infections (giardiasis) [7,8].
Malnutrition

Malnutrition refers to an imbalance of nutritional intake and utilization. It is broadly used to
describe undernutrition or inadequate nutritional intake. However, it also refers to overnutritionwhich
is becoming an increasing public health problem by itself, in light of the growing prevalence of obesity
[9]. Severemalnutrition is often used to describe protein-energymalnutritionwhich is still prevalent in
many underdeveloped countries. In this review, malnutritionwill refer to the nutritional deficits due to
inadequate dietary intake or inability to maintain adequate bodily stores of calories and nutrients due
to an underlying disease process such as chronic diarrhoea.

The prevalence of nutritional deficits from chronic diarrhoea is also unknown. To beginwith, there is
no reliable data on the prevalence of chronic diarrhoea among adults [6]. There is limited literature
covering the different causes of chronic diarrhoea and their respective nutritional consequences. Our
goal is to provide an overview of the nutritional consequences of chronic diarrhoea and their corre-
sponding nutritional management. In addition, we will also discuss the indications for specialized
nutrition support in patients with malnutrition from chronic diarrhoea.
Pathophysiology

In general, the causes of diarrhoea could be grouped based on the involved gastrointestinal organ
such as the small and large bowels or other accessory digestive organs like the pancreas. When
referring to digestive diseases, maldigestion and malabsorption are often inaccurately interchanged.
Maldigestion simply refers to impaired hydrolysis of nutrients in the gastrointestinal tract. On the
other hand, malabsorption specifically refers to defective mucosal absorption of nutrients primarily in
the small intestine, which is the underlying process that results in both chronic diarrhoea and
malnutrition. In due time, chronic diarrhoea may result in physical debility and increased nutrient



Fig. 1. Relationship between malnutrition and chronic diarrhoea.
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losses. These lead to malnutrition which impairs mucosal recovery which can perpetuate the same
cycle that led to malabsorption that caused both diarrhoea and malnutrition (Fig. 1).

The majority of macronutrients such as proteins, carbohydrates, and fats are absorbed in the
duodenum and jejunum. On the other hand, the ileum is the only site for bile salt and vitamin B12
absorption. Knowledge of the location of macro- and micronutrient absorption in the small bowel
is essential in understanding the nutritional consequences of chronic diarrhoea. The mechanisms of
protein, carbohydrate, and fat malabsorption and their commonly-associated conditions that
present with chronic diarrhoea are summarized in Table 1. The severity of both malnutrition and
chronic diarrhoea will depend on the extent of small bowel involvement. In the setting of signif-
icant small bowel resection, the condition of the remaining small bowel and the presence of the
colon in continuity with the small bowel will also influence the degree of nutritional deficits. In
this review, we will present the nutritional consequences of the common causes of chronic
diarrhoea.
Table 1
Mechanisms of macronutrient malabsorptions and their associated conditions.

Macronutrients Mechanisms Associated conditions with chronic diarrhoea

Carbohydrates � Reduced disaccharides
� Reduced mucosal surface

Lactose malabsorption
Coeliac disease
Post-infectious diarrhoea
Short bowel syndrome

Proteins � Increased mucosal permeability
� Mucosal inflammation
� Lymphatic obstruction

Inflammatory bowel disease
Eosinophilic gastroenteritis
Bowel ischaemia
Coeliac disease
Intestinal lymphangiectasia

Fats � Pancreatic exocrine insufficiency
� Mucosal inflammation

Chronic pancreatitis
Cystic fibrosis
Inflammatory bowel disease
Coeliac disease
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Nutritional consequences of chronic diarrhoea

Malabsorptive conditions

There are several gastrointestinal conditions that are associated with chronic diarrhoea and
malabsorption. One of the common causes of malabsorption is coeliac disease. It is an immune-
mediated inflammation of the small bowel as a result of exposure to gluten-containing food prod-
ucts in genetically-predisposed individuals. It involves the proximal small bowel with the classic
histopathological findings of villous atrophy, increased intraepithelial lymphocytosis, crypt hyperplasia
and chronic inflammation [10]. Treatment of coeliac disease requires strict life-long avoidance of
gluten. In general, wheat, barley, and rye are avoided. For the first year after a diagnosis of coeliac
disease is made, or in those with refractory symptoms, patients may be additionally instructed to avoid
oats due to the risk of cross-contamination. The symptoms of coeliac disease in adults include stea-
torrhoea, abdominal pain, bloating, nausea, and weight loss. There are also many non-gastrointestinal
manifestations of coeliac disease in adults such as: iron-deficiency anaemia, metabolic bone disease,
arthritis, dermatitis herpetiformis, and neuropsychiatric symptoms [11–13]. Nonspecific gastrointes-
tinal symptoms are often present in patients with coeliac disease secondary tomalabsorption, resulting
in nutritional deficits. In a survey of adult coeliac patients, 51% were found to have arm muscular area
below the 15 % percentile, suggestive of malnutrition. However, 34% of the study participants admitted
to poor adherence to gluten-free diet [14].

In untreated coeliac disease, common micronutrient deficiencies include folate, iron, calcium and
vitamin D, vitamins A, B6, and B12. In brief, folic acid deficiency leads to megaloblastic anaemia. Iron
deficiency results in microcytic anaemia, fatigue, headache, weakness and pica. Malabsorption of
calcium and vitamin D may result in secondary hyperparathyroidism leading to decreased bone
mineral density, osteoporosis, and osteomalacia [15]. Vitamin A deficiency can lead to night blindness.
Vitamin B6 deficiency leads to cheilosis, glossitis, depression, and seizures. Diminished vitamin B12
levels results in megaloblastic anaemia with central and peripheral neuropathic changes. In patients
with refractory coeliac disease, these nutritional deficits may be more profound. Refractory coeliac
disease is defined by the persistence of villous atrophy and nutritional deficits despite more than 6–12
months strict adherence to a gluten-free diet [16]. Approximately 30–60% of patients with refractory
coeliac may require parenteral nutrition due to severe malnutrition and weight loss [17,18].

Another cause of malabsorption is small intestinal bacterial overgrowth, which can present with
abdominal pain, bloating, weight loss, and diarrhoea. Bacterial overgrowth occurs due to an excess of
bacterial flora in the small bowel that is more representative of flora of colonic origin, with a predomi-
nance of gram-negative and anaerobic bacteria [19]. Bacterial overgrowth in the small bowel is defined
as more than 105 organisms/ml [20]. There are many causes of small intestinal bacterial overgrowth
including structural abnormalities (small bowel diverticula, blind loops, strictures), disorders with
altered bowelmotility (scleroderma, diabetesmellitus), conditionswith diminished gastric acid (gastric
resection or achlorhydria) and others (advancing age, coeliac disease, immunodeficiencies) [19].

Macronutrient malabsorption can occur with small intestinal bacterial overgrowth. The deconju-
gation of bile salts by intestinal bacteria can lead to fat malabsorption and secondary steatorrhoea.
Early sugar fermentation in the small intestine can result in carbohydrate malabsorption, which is
mediated by mucosal injury and reduced disaccharidases [21]. Like any malabsorptive condition,
severemucosal inflammation in the setting of small intestinal bacterial overgrowth can also contribute
to protein malabsorption and iron deficiency [22,23].

In terms of micronutrient deficits, small intestinal bacterial overgrowth can result in low serum
vitamin B12 levels due to premature cleavage of B12 from intrinsic factor and increased vitamin B12
consumption by anaerobic bacteria. Fat soluble vitamins (A, D, E, and K) may also have diminished
levels due to fat malabsorption as discussed above [21]. In contrast, serum folate levels may be
increased in small intestinal bacterial overgrowth due to microbial folate synthesis in the small bowel.

Aside from intestinal causes, exocrine pancreatic insufficiency can also result inmalabsorption. This is
often in the setting of chronic pancreatitis, which is a progressive inflammatory disease resulting in
irreversible pancreatic dysfunction. Patients may present with abdominal pain and steatorrhoea. They
oftenhave signsand symptomsattributable topancreatic exocrine andendocrine impairment.Nutritional
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assessment in patientswith chronic pancreatitis begins with obtaining a clinical history including dietary
information, physical examination, anthropometric parameters, and a biochemical profile.

Fat malabsorption from exocrine dysfunction occurs when greater than 90% of pancreatic function
is lost and pancreatic lipase release is less than 10% of normal [24]. As a consequence, patients with
chronic pancreatitis are susceptible to fat-soluble vitamin (Vitamins A, D, E, and K) deficiencies.
Vitamin B12 deficiency may result from decreased secretion of protease needed to release vitamin B12
from R protein (haptocorrin) which then allows it to complex with intrinsic factor for absorption in the
terminal ileum. Metabolic bone disease is also common in patients with chronic pancreatitis due to
multiple causes such as vitamin D and calcium deficiency and poor nutritional intake [25]. In patients
who require nutrition support, post-pyloric enteral nutrition is the preferred route of feeding.
However, parenteral nutritionmay be administered if enteral nutrition is not effective due to refractory
post-prandial pain, inability to maintain adequate calories, and continued weight loss [26].

Inflammatory bowel disease

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the digestive tract. Patients
with IBD may experience diarrhoea, abdominal pain, nausea, vomiting, disorder of taste and decreased
appetite, resulting to overall decreased nutritional intake. Based on the findings of abnormal
biochemical and anthropometric measurements, it is estimated that 85% of IBD patients have protein
energy malnutrition [27,28]. In addition, patients with IBD may experience increased energy expen-
ditures due to chronic inflammation. Due to the chronic nature of the inflammatory condition,
adequate protein intake should be assured in patients with active IBD. The recommended daily
allowance for protein is 0.8 g/kg of actual weight. Patients with IBD without renal disease often require
protein intake of 1.0–1.5 g/kg of body weight [29].

The absorption of vitamins may also be compromised in IBD patients, especially in those with
Crohn’s disease and significant ileal involvement. A summary of common vitamin and mineral defi-
ciencies in IBD patients is presented in Table 2. Vitamin B12 and folate deficiencies are common in
patients with Crohn’s disease. Moreover, IBD patients are also predisposed to hyperhomocysteinemia
compared to the general population [30]. Common signs and symptoms of B12 deficiency include
megaloblastic anaemia, central and peripheral neural deficits, including cognitive changes, peripheral
neuropathy, loss of position sense, and effects on the pyramidal tracts. Serummethylmalonic acid level
is a sensitive early indicator of vitamin B12 status, and may be abnormal before the vitamin B12 level
falls below normal values [31]. Treatment includes monthly intramuscular vitamin B12 injections,
often at a dose of 1000 mcg [32]. Oral preparations are also available and may be effective with high
doses of synthetic B12, but should not be relied upon in patients with conditions affecting normal
absorption. Patients with folate deficiency may also manifest with megaloblastic anaemia, glossitis,
and diarrhoea. Red blood cell folate is the most reliable measure of adequacy of tissue folate stores [33].
Folate replacement requires oral folate supplementation at 1–5 mg per day, and is of even greater
importance in women of reproductive age with malabsorption.

Calcium and vitamin D deficiency in patients with Crohn’s disease may result in decreased bone
mineral density. Previously reported risk factors include: prolonged steroid use, malabsorption, and
inadequate calciumor vitaminD intake. Signs and symptoms for vitaminDdeficiency includebonepain,
rickets, and muscle weakness. Hypocalcemia may present with osteoporosis or tetany. Serum 25-
hydroxyvitamin D and calcium levels are used to assess vitamin D and calcium levels, respectively. The
recommended supplementation of oral vitamin D replacement is 400–800 IU per day and calcium at
1000–1500 mg per day. Zinc deficiency can also occur in patients with IBD experiencing prolonged
diarrhoea. Signs and symptoms of zinc deficiency include a flaky red rash on the face, groin and hands
(acrodermatitis enteropathica), poor wound healing, dysgeusia, alopecia, and stunted growth in the
paediatric population. Although not routinely used, lymphocyte and granulocyte zinc levels can be
measured to accurately determine zinc levels in the body. In contrast, serum zinc levels are generally
used in clinical practice instead.

IBD patients with gastrointestinal blood loss are more likely to have iron-deficiency anaemia
resulting in microcytic anaemia, weakness, headache, and pica. Oral iron replacement is administered
at 300–900 mg of elemental iron per day. Combining iron with vitamin C can increase the soluble



Table 2
Deficiencies in inflammatory bowel disease.

Micronutrients Signs/symptoms of deficiency Daily recommended replacement

Vitamins
A Increased risk of infection

Corneal ulceration
Night blindness

10,000–50,000 IU

B12 Megaloblastic anaemia
Paraesthesia
Ataxia

1000 mcg injection (monthly)

D Hypocalcemia
Osteomalacia
Rickets

400–800 IU

E Spinocerebellar disease
Haemolytic anaemia
Coagulopathy

30 IU

Folate Megaloblastic anaemia
Glossitis
Diarrhoea

1–5 mg

Minerals
Calcium Cardiac arrhythmia

Osteoporosis
Tetany

1000–1500 mg

Iron Microcytic anaemia
Weakness
Pica

300–900 mg

Magnesium Muscle weakness
Arrhythmia
Seizures

600 mg

Selenium Proximal muscle weakness
Cardiomyopathy
Connective tissue defects

60–100 mcg

Zinc Delayed wound healing
Immune dysfunction
Diarrhoea

220–440 mg

E.C. Gorospe, A.S. Oxentenko / Best Practice & Research Clinical Gastroenterology 26 (2012) 663–675668
nature of iron, aiding in its absorption. Hypomagnesaemia in IBD patients may occur as a complication
of either gastrointestinal losses or decreased absorption. Signs and symptoms include arrhythmia,
muscle weakness, and seizures. Oral replacement with magnesium gluconate is recommended at
600 mg of elemental magnesium per day. However, excessive magnesium supplementation may also
cause or perpetuate diarrhoea.
Short bowel syndrome

Short bowel syndrome is a malabsorptive state that results from massive resection or loss of
function of a significant portion of the small intestines. Etiologies include surgical resection from
a vascular infarction, Crohn’s disease, malignancy, and radiation enteritis [34]. The severity of short
bowel syndrome depends on the length and integrity of the remaining small bowel, the segment of
small bowel resected (jejunum vs. terminal ileum), and the presence or absence of the colon and
ileocaecal valve. The small bowel can increase its absorptive capacity up to 400% [35]. The proximal
bowel has a greater capacity for intestinal adaptation than the distal small bowel. Patients with
resection of up to 50% of their small bowel have an increased chance of resuming an oral diet without
the need for nutrition support. However, resections of 75% or more will require either temporary or
permanent nutrition support [36].

The majority of macronutrients are absorbed in the first 150 cm of the small intestine. Vitamin B12
and bile salts are exclusively absorbed in the terminal ileum. Hence, resection of the ileum often results
in vitamin B12 and altered bile salt absorption [35]. Resection of less than 100 cm results in increased
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delivery of bile acid to the colon, leading to secretory diarrhoea. On the other hand, resection of more
than 100 cm of terminal ileum results in decreased availability of bile salts due to the altered enter-
ohepatic circulation, leading to decreased micelle production and fat malabsorption and maldigestion.
As to the other parts of the small bowel, duodenal resection results in deficiencies in iron, calcium, and
folic acid. Resection of the jejunum results in loss of disaccharides. Loss of the ileocaecal valve results in
small bowel bacterial overgrowth which may lead to bile acid, fat, and vitamin B12 deficiencies.
Resection of the colon along with loss of small bowel results in diarrhoea, which can lead to dehy-
dration and electrolyte abnormalities. In patients with short bowel syndrome, the continuity of the
colonwith the remaining small bowel can also allow for carbohydrate salvaging, where the breakdown
products of malabsorbed carbohydrates in the colon can aid in caloric needs.

Specialized nutritional support in the form of enteral or parenteral nutrition may be required in
patients with short bowel syndrome to maintain normal nutritional status and prevent associated
complications. An overview of the indications and administration of either enteral or parenteral
nutrition support is presented at the later part of this review.
Gastrointestinal infections

Gastrointestinal infections are the most common causes of acute diarrhoea. Chronic gastrointestinal
infections involving the small bowel can result in diarrhoea with significant nutritional consequences.
Examples of these pathogens include: Cryptosporidium, Cyclospora, Isospora, Giardia, and Strongyloides
[7]. Intestinal tuberculosis can also cause chronic diarrhoea and may sometimes mimic inflammatory
bowel disease [37]. In general, these pathogens are difficult to eradicate in those with an immuno-
compromised states, HIV infection, or severe malnutrition. Acute gastrointestinal infections can also
result in chronic diarrhoea with the development of post-infectious irritable bowel syndrome (IBS)
which will be described in the next section. However, post-infectious IBS carries much less risk of
malnutrition as compared to chronic infection.

Chronic infectious diarrhoea can result in malnutrition through several mechanisms [1]. Fig. 2
presents a diagram outlining the relationships between gastrointestinal infections, chronic diarrhoea,
and malnutrition. It demonstrates a vicious cycle where infection directly contributes to malnutrition
through increased catabolism and caloric losses. By indirectmeans, infection can inducemucosal injury
Fig. 2. Interaction between gastrointestinal infections and malnutrition.
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and inflammation resulting in chronic diarrhoea. On the other hand, malnutrition can prolong the
infection secondary to the impairment of the host’s immune response and gut mucosal barrier.

Malabsorption in association with intestinal infections can result in increased calorie loss in the
stool. Approximately 500 calories per day can be lost in the setting of diarrhoea [38]. Most of the
calories wasted in stool come from dietary carbohydrate and lipid sources. A more severe form of
malabsorption is protein-losing enteropathy with small bowel inflammation. In some instances,
protein loss can be equivalent to 60% of the total albumin stores [39]. This can greatly impact the
immune status and ability to heal mucosal injury. In severe cases of malabsorption, specialized
nutrition support may be required to maintain adequate caloric and nutrient needs.

Vitamin B12 deficiency is the most common micronutrient deficit in infections involving the
terminal ileum [40]. However, there are currently no guidelines for vitamin B12 supplementation in
chronic infectious diarrhoea. The preferred route of vitamin B12 administration is by intramuscular
injection especially if there is severe ileal disease. Deficiencies in fat soluble vitamins A, D, and E
have also been reported in patients with chronic diarrhoea. In a survey of HIV patients with chronic
diarrhoea, 30% have deficient plasma vitamin A levels [41]. Among the minerals, zinc deficiency
was first reported in children with infectious diarrhoea. The World Health Organization recom-
mends zinc supplementation for acute diarrhoea in children [42]. Zinc-fortified oral rehydration
therapy has shown benefit in children with acute diarrhoeal illness. However, a recent meta-
analysis demonstrated that zinc supplementation did not show statistically significant benefit in
chronic diarrhoea [43].
Irritable bowel syndrome

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder presenting with abdominal
pain and altered bowel habits in the absence of an organic aetiology [44]. In contrast, bloody stools,
large volume diarrhoea, and steatorrhoea usually suggest an organic cause apart from IBS. Functional
diarrhoea is another condition that can cause chronic diarrhoea. It is separately classified from IBS in
the Rome III criteria and it does not have the characteristic abdominal pain of IBS [45].

The prevalence of diarrhoea-predominant IBS is approximately 5% in the general population [12]. In
spite of its prevalence, there are no studies estimating the burden of nutritional consequences from
diarrhoea-predominant IBS. Clinicians recognize that diet is a major concern for IBS patients and yet
there are only a few studies that have assessed their actual nutritional intake. There is a common
assumption that IBS patients may avoid different food items as a means to cope with their symptoms.
Nevertheless, food-induced symptoms and food intolerances may also confound the presentation of
patients with diarrhoea-predominant IBS [46].

In one of the few studies on nutritional intake of IBS patients, there was no difference found in the
average daily caloric intake of 188 IBS patients as compared to their age and gender-matched normal
counterparts (2026 � 532 kcal vs. 1990 � 533 kcal, p ¼ ns) [47]. This Swedish study suggests that IBS
patients were similar to the general population in terms of meeting the recommended dietary
guidelines. In addition, there was no difference either in the energy distribution from carbohydrate,
fat or protein energy sources. There was also no difference in vitamin or mineral intake. However,
dietary fibre intake was higher among IBS patients than their matched controls (19 � 7 g vs. 16 � 5 g,
p < 0.001) [47].

Although the above findings are reassuring from a population-based perspective, nutritional defi-
cits should be individually evaluated in IBS patients practicing self-imposed, selective food avoidance
to cope with their symptoms. We recommend against broad, non-specific dietary restrictions. This
approach may inadvertently restrict calorie or protein intake needlessly and may predispose patients
to malnutrition [48]. A proven dietary approach to IBS symptoms is the elimination of short-chain
carbohydrates [49]. These food items are collectively described by the acronym, FODMAPs (Ferment-
able Oligo-saccharides, Di-saccharides, Mono-saccharides And Polyols). Due to their poor absorption,
these short-chain carbohydrates have considerable osmotic effects and gas-producing properties that
exacerbate functional bowel symptoms. A description of the practical implementation of FODMAPs
elimination diet has been described elsewhere for reference [49].
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Nutrition support

Enteral nutrition

For patients with severe nutritional deficits in the setting of chronic diarrhoea who cannot sustain
adequate nutrition through oral intake, nutrition support is a vital option to maintain and replenish
nutrients. There are two routes of administration, through either enteral or parenteral means. Enteral
nutrition refers to the provision of nutrients directly into the gastrointestinal tract via access with
either a feeding tube or catheter [50].

The preference for enteral nutrition over parenteral nutrition support is based on the time-tested
principle, ‘if the gut works, use it’. There are several advantages of enteral nutrition over parenteral
nutrition. Use of the gut enhances immune function in order to prevent infections. In contrast, gut
disuse and absence of luminal nutrients have been demonstrated to increasemucosal permeability and
disrupt the intestinal barrier [51]. Additionally, enteral nutrition is safer and more cost effective than
parenteral nutrition [52]. It costs approximately 10 times less than that of parenteral nutrition, without
accounting for the additional healthcare costs of complications from parenteral administration [53].
There are several complications associated with long-term administration of parenteral nutrition
including catheter-related infections, cholestasis, bacterial overgrowth, and even nutrient deficiency
[54]. With lower incidence of infections and other metabolic complications, enteral nutrition also
results in shorter lengths of hospital stay [55].

Patients with chronic diarrhoea are at risk of chronic hypokalemia and acid–base disturbances.
These patients are candidates for enteral nutrition as long as they have a functioning gastrointestinal
tract. Some of the contraindications for enteral nutrition support in patients with malnutrition from
chronic diarrhoea include: (a) severe short bowel syndrome with less than 100 cm of small bowel
remaining, (b) intractable diarrhoea that is refractory to medical therapy, (c) high-output fistulas that
are too distal to bypass with a feeding tube, (d) severe malabsorption, and lastly (e) previously failed
enteral nutrition [56].

Once enteral nutrition support is initiated, monitoring is essential in assuring adequate nutrient
delivery, especially if there is still ongoing diarrhoea. Patients on enteral feeding may also have
worsening of their diarrhoea due to the following causes: (a) infection, (b) elixir medications which
may contain sorbitol, (c) small intestinal bacterial overgrowth, (d) bolus feeding into the small bowel or
too rapid a rate of infusion, and (e) suboptimal formula composition either from high osmolality
concentrations, presence of lactose, or lack of fibre in the formula [57]. The need for enteral nutrition
should be constantly reassessed, especially when the patient is able to sustain adequate oral intake
with resolution of the underlying problem that predisposed them to malnutrition. For hospitalized
patients, the American Society for Parenteral and Enteral Nutrition (ASPEN) has guidelines on the
timing and process of terminating nutrition support [58].

Parenteral nutrition

Although enteral nutrition is clearly the preferred choice for nutrition support in patients with
nutritional deficits from chronic diarrhoea, parenteral nutrition still remains as an alternative option
when enteral nutrition is contraindicated or insufficient. Parenteral nutrition is recommended for the
conditions previouslymentioned, where there is a contraindication for enteral nutrition (see section on
enteral nutrition). For patients with intestinal failure from short bowel syndrome, parenteral nutrition
is essential for survival [59].

In parenteral nutrition, there are two routes of infusion, either central or peripheral. In central
parenteral nutrition, the patient’s full nutritional requirements are delivered into a large-diameter
vein. In contrast, the peripheral venous delivery can only accommodate lower concentrations of
nutrients which may not be sufficient for patients with significant malnutrition and large electrolyte
needs [60]. In addition, the peripheral venous access will not be viable for a prolonged period of time.

Most patients with short bowel syndrome will require, at minimum, short-term parenteral nutri-
tion to correct their nutritional and fluid imbalances. Oral intake is advised, once their volume, caloric,
and electrolyte deficits have been stably corrected. They should receive adequate macro and
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micronutrients to prevent energy malnutrition and other micronutrient deficiencies. The recom-
mendedmaintenance is approximately 25–30 kcal per kg per day with 1.0–2.0 g per kg per day protein
[29]. In addition to the parenteral formula, patients should receive sufficient fluid to prevent dehy-
dration and acid–base disturbances, especially with ongoing diarrhoea.

We cannot overemphasize that long-term parenteral nutrition is costly and may result in serious
complications. In spite of the reported improvements in the different biomarkers of nutritional status
in parenteral nutrition, randomized trials have rarely shown improvement in general patient outcomes
[61,62]. Among patients with chronic diarrhoea, those with severe short gut syndrome, medically-
refractory Crohn’s disease, and severe malnutrition have been shown to benefit from parenteral
nutrition support [61–63]. The decision to start parenteral nutrition, especially long-term home
parenteral nutrition, should be undertaken with a multi-disciplinary nutrition support service. We
recommend following the specific guidelines for the initiation and administration of parenteral
nutrition developed by ASPEN [64].

Future directions

The currently available literature on nutritional consequences of chronic diarrhoea is fragmentary
and mostly devoted to individual disease entities. The extent of research on malnutrition in chronic
diarrhoea is not at par with the actual burden of disease seen in clinical practice. Most of the current
data that highlights the important connection between malnutrition and chronic diarrhoea are drawn
from the paediatric literature which best exemplify the adverse effects of malnutrition through
suboptimal growth and development. In terms of epidemiologic assessment, there is a lack of reliable
data on the prevalence of malnutrition in chronic diarrhoea. In the area of pathophysiology, we have
not fully explored the role of gut inflammation and its nutritional consequence [65,66]. Our under-
standing of the gut microbiota as it relates to both nutrition and diarrhoeal disease is still in its nascent
stages [67]. There is also a requisite for outcomes research on the different nutritional interventions for
malnutrition in the setting of chronic diarrhoea. There is no high quality evidence for most of the
common empiric advice given to patients with chronic diarrhoea such as bland diets, avoidance of
dairy products, and non-specific dietary fat restriction. In addition to these issues, there is also a clear
need to evaluate the cost-effective approaches to the diagnosis and treatment of nutritional deficits in
patients with chronic diarrhoea. Strategies on how to counteract commercial influence of fad diets and
selective food restrictions without actual clinical indicationwill remain a challenge for clinicians caring
for patients already at risk for malnutrition due to their chronic gastrointestinal conditions. Lastly, the
opportunities for research are abundant, especially in view of the ageing population. The interplay
between ageing, chronic gastrointestinal conditions and nutrition will be a fertile field for further
study.

Summary

The complications of chronic diarrhoea still contribute to significant morbidity and mortality.
Nutritional consequences of chronic diarrhoea should always be considered in addition to electrolyte
loss and dehydration. The degree of malnutrition will depend on the extent of gastrointestinal
involvement, and will vary with the different causes of diarrhoea and their adverse nutritional
outcomes.

In this review, we presented the nutritional consequences of chronic diarrhoea. Gastrointestinal
injury in the form of mucosal inflammation, damage, and villous atrophy can lead to malabsorption.
Often, malnutrition in chronic diarrhoea involves a complex interaction between mucosal factors and
the luminal environment as influenced by dietary habits and food choices. To be effective, any nutri-
tional intervention will need to address both the underlying cause of the chronic diarrhoea and
correction of its consequent nutritional deficits.
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Practice points

1. Knowledge of gastrointestinal anatomy and physiology is essential in understanding the
nutritional consequences of chronic diarrhoea.

2. The severity of both malnutrition and diarrhoea will depend on the extent of small bowel
involvement.

3. In the setting of small bowel resection, the condition of the remaining small bowel and the
presence of a colon in continuity with the small bowel will also influence the degree of
nutritional deficits.

4. Macronutrients such as proteins, carbohydrates, and fats are absorbed mostly in the
duodenum and jejunum.

5. The ileum is the only site for bile salt and vitamin B12 absorption.
6. The underlying cause of the diarrhoea and its consequent nutritional deficits should be taken

into consideration while implementing the nutritional intervention.

Research points

1. There is a lack of reliable epidemiologic data to assess the burden of malnutrition in patients
with chronic diarrhoea.

2. Randomized controlled studies are needed to evaluate the efficacy of common dietary and
nutritional interventions for malnutrition in the setting of chronic diarrhoea.

3. There is a need for cost-effectiveness studies for the diagnosis and treatment of nutritional
deficiencies in chronic diarrhoea.

4. Emerging concepts on mucosal inflammation and gut microbiota should be investigated for
their possible impact on malnutrition and chronic diarrhoea.

E.C. Gorospe, A.S. Oxentenko / Best Practice & Research Clinical Gastroenterology 26 (2012) 663–675 673
References

[1] Brown KH. Symposium: nutrition and infection, prologue and progress since 1968. J Nutr 1968;133:328S–32S.
[2] Martorell R, Habicht JP, Yarbrough C, Lechtig A, Klein RE, Western KA. Acute morbidity and physical growth in rural

Guatemalan children. Am J Dis Child 1975;129:1296–301.
[3] Rowland MG, Cole TJ, Whitehead RG. A quantitative study into the role of infection in determining nutritional status in

Gambian village children. Br J Nutr 1977;37:441–50.
[4] Black RE, Brown KH, Becker S. Effects of diarrhea associated with specific enteropathogens on the growth of children in

rural Bangladesh. Pediatrics 1984;73:799–805.
[5] Lo CW, Walker WA. Chronic protracted diarrhea of infancy: a nutritional disease. Pediatrics 1983;72:786–800.
[6] Fine KD, Schiller LR. AGA technical review on the evaluation and management of chronic diarrhea. Gastroenterology 1999;

116:1464–86.
[7] Lee SD, Surawicz CM. Infectious causes of chronic diarrhea. Gastroenterol Clin North Am 2001;30:679–92.
[8] Juckett G, Trivedi R. Evaluation of chronic diarrhea. Am Fam Physician 2011;84:1119–26.
[9] White JV, Guenter P, Jensen G, Malone A, Schofield M, Acad Malnutr Work G, et al. Consensus statement of the Academy of

Nutrition and Dietetics/American Society for parenteral and enteral nutrition: characteristics recommended for the
identification and documentation of adult malnutrition (undernutrition). J Acad Nutr Diet 2012;112:730–8.

[10] Rashtak S, Murray JA. Review article: coeliac disease, new approaches to therapy. Aliment Pharmacol Ther 2012;35:768–81.
[11] Turner J, Pellerin G, Mager D. Prevalence of metabolic bone disease in children with celiac disease is independent of

symptoms at diagnosis. J Pediatr Gastroenterol Nutr 2009;49:589–93.
[12] Cordonnier M, Robin M, Cornette M, Brassinne A, Pirotte J. Neuro-myelo-encephalopathy in celiac disease. Acta Gastro-

Enterol Belg 1983;46:47–54.
[13] Iqbal T, Zaidi M, Wells G, Karsh J. Arthritis in celiac disease patients does not respond significantly to gluten free diet. J

Rheumatol 2011;38:1169.
[14] Pallini P, Antinucci C, Pilone G, Bortoluzzi FN, Saggioro A. Celiac disease and nutrition: nutritional status of adult celiac

subjects after long lasting gluten free diet(gfd). Gastroenterology 2005;128:A258–9.
[15] Mustalahti K, Collin P, Sievanen H, Salmi J, Maki M. Osteopenia in patients with clinically silent coeliac disease warrants

screening. Lancet 1999;354:744–5.
[16] Malamut G, Meresse B, Cellier C, Cerf-Bensussan N. Refractory celiac disease: from bench to bedside. Semin Immunopathol

2012;34:601–13.



E.C. Gorospe, A.S. Oxentenko / Best Practice & Research Clinical Gastroenterology 26 (2012) 663–675674
[17] Malamut G, Afchain P, Verkarre V, Lecomte T, Amiot A, Damotte D, et al. Presentation and long-term follow-up of
refractory celiac disease: comparison of type I with type II. Gastroenterology 2009;136:81–90.

[18] Maurino E, Niveloni S, Chernavsky AC, Sugai E, Vazquez H, Pedreira S, et al. Clinical characteristics and long-term outcome
of patients with refractory sprue diagnosed at a single institution. Acta Gastroenterol Latinoam 2006;36:10–22.

[19] Dukowicz AC, Lacy BE, Levine GM. Small intestinal bacterial overgrowth: a comprehensive review. Gastroenterol Hepatol
(N Y) 2007;3:112–22.

[20] Corazza GR, Menozzi MG, Strocchi A, Rasciti L, Vaira D, Lecchini R, et al. The diagnosis of small bowel bacterial overgrowth.
Reliability of jejunal culture and inadequacy of breath hydrogen testing. Gastroenterology 1990;98:302–9.

[21] Saltzman JR, Russell RM. Nutritional consequences of intestinal bacterial overgrowth. Compr Ther 1994;20:523–30.
[22] Haboubi NY, Lee GS, Montgomery RD. Duodenal mucosal morphometry of elderly patients with small intestinal bacterial

overgrowth: response to antibiotic treatment. Age Ageing 1991;20:29–32.
[23] Riordan SM, McIver CJ, Wakefield D, Duncombe VM, Thomas MC, Bolin TD. Small intestinal mucosal immunity and

morphometry in luminal overgrowth of indigenous gut flora. Am J Gastroenterol 2001;96:494–500.
[24] DiMagno EP, Go VL, Summerskill WH. Relations between pancreatic enzyme ouputs and malabsorption in severe

pancreatic insufficiency. N Engl J Med 1973;288:813–5.
[25] Dujsikova H, Dite P, Tomandl J, Sevcikova A, Precechtelova M. Occurrence of metabolic osteopathy in patients with chronic

pancreatitis. Pancreatology 2008;8:583–6.
[26] Meier R, Ockenga J, Pertkiewicz M, Pap A, Milinic N, Macfie J, et al. ESPEN guidelines on enteral nutrition: pancreas. Clin

Nutr 2006;25:275–84.
[27] Graham TO, Kandil HM. Nutritional factors in inflammatory bowel disease. Gastroenterol Clin North Am 2002;31:203–18.
[28] Han PD, Burke A, Baldassano RN, Rombeau JL, Lichtenstein GR. Nutrition and inflammatory bowel disease. Gastroenterol

Clin North Am 1999;28:423–43. ix.
[29] Kastin DA, Buchman AL. Malnutrition and gastrointestinal disease. Curr Opin Clin Nutr Metab Care 2002;5:699–706.
[30] Chowers Y, Sela BA, Holland R, Fidder H, Simoni FB, Bar-Meir S. Increased levels of homocysteine in patients with Crohn’s

disease are related to folate levels. Am J Gastroenterol 2000;95:3498–502.
[31] Savage DG, Lindenbaum J, Stabler SP, Allen RH. Sensitivity of serum methylmalonic acid and total homocysteine deter-

minations for diagnosing cobalamin and folate deficiencies. Am J Med 1994;96:239–46.
[32] Green R, Kinsella LJ. Current concepts in the diagnosis of cobalamin deficiency. Neurology 1995;45:1435–40.
[33] Galloway M, Rushworth L. Red cell or serum folate? Results from the National Pathology Alliance benchmarking review. J

Clin Pathol 2003;56:924–6.
[34] Pomar MDB, Casariego AV. Short bowel syndrome: definition, causes, intestinal adaptation and bacterial overgrowth. Nutr

Hosp 2007;22:74–85.
[35] Buchman AL. Etiology and initial management of short bowel syndrome. Gastroenterology 2006;130:S5–15.
[36] Hulten LAG. Short bowel syndrome. Ital J Gastroenterol Hepatol 1979;11:129–31.
[37] Naval GR, Chua ML. Diagnosis of intestinal tuberculosis among patients with chronic diarrhea: role of intubation biopsy. J

Philippine Soc Microbiol Infect Dis 2004;27:5–9.
[38] Rosenberg IH, Solomons NW, Schneider RE. Malabsorption associated with diarrhea and intestinal infections. Am J Clin

Nutr 1977;30:1248–53.
[39] Lee YT, Sung JJ. Protein-losing enteropathy. Gastrointest Endosc 2004;60:801–2.
[40] Lindenbaum J. Malabsorption during and after recovery from acute intestinal infection. Br Med J 1965;2:326–9.
[41] Kassu A, Andualem B, Nhien NV, Nakamori M, Nishikawa T, Yamamoto S, et al. Vitamin A deficiency in patients with

diarrhea and HIV infection in Ethiopia. Asia Pac J Clin Nutr 2007;16:323–8.
[42] WHO/UNICEF joint statement: clinical management of acute diarrhoea. Geneva: Switzerland; 2004.
[43] Patel AB, Mamtani M, Badhoniya N, Kulkarni H. What zinc supplementation does and does not achieve in diarrhea

prevention: a systematic review and meta-analysis. BMC Infect Dis 2011;11:122.
[44] Talley NJ, Zinsmeister AR, Van Dyke C, Melton 3rd LJ. Epidemiology of colonic symptoms and the irritable bowel

syndrome. Gastroenterology 1991;101:927–34.
[45] Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F, Spiller RC. Functional bowel disorders. Gastroenterology

2006;130:1480–91.
[46] Gibson PR. Food intolerance in functional bowel disorders. J Gastroenterol Hepatol 2011;26:128–31.
[47] Bohn L, Storsrud S, Lindh A, Wilpart K, Simren M. Nutrition intake in patients with irritable bowel syndrome (IBS)

compared with the general population. Gastroenterology 2011;140:S305.
[48] Schiller LR. Nutrition management of chronic diarrhea and malabsorption. Nutr Clin Pract 2006;21:34–9.
[49] Gibson PR, Shepherd SJ. Evidence-based dietary management of functional gastrointestinal symptoms: the FODMAP

approach. J Gastroenterol Hepatol 2010;25:252–8.
[50] Paynejames J, Silk D. Enteral nutrition. Baillieres Clin Gastroenterol 1988;2:815–47.
[51] Magnotti LJ, Deitch EA. Burns, bacterial translocation, gut barrier function, and failure. J Burn Care Rehabil 2005;26:383–91.
[52] Braunschweig CL, Levy P, Sheean PM, Wang X. Enteral compared with parenteral nutrition: a meta-analysis. Am J Clin Nutr

2001;74:534–42.
[53] Trujillo EB, Young LS, Chertow GM, Randall S, Clemons T, Jacobs DO, et al. Metabolic and monetary costs of avoidable

parenteral nutrition use. JPEN J Parenter Enteral Nutr 1999;23:109–13.
[54] Wang MY, Wu MH, Hsieh DY, Lin LJ, Lee PH, Chen WJ, et al. Home parenteral nutrition support in adults: experience of

a medical center in Asia. J Parenter Enter Nutr 2007;31:306–10.
[55] Taylor SJ, Fettes SB, Jewkes C, Nelson RJ. Prospective, randomized, controlled trial to determine the effect of early enhanced

enteral nutrition on clinical outcome in mechanically ventilated patients suffering head injury. Crit Care Med 1999;27:
2525–31.

[56] Scolapio JS. A review of the trends in the use of enteral and parenteral nutrition support. J Clin Gastroenterol 2004;38:
403–7.

[57] DiBaise JK, Decker GA. Enteral access options and management in the patient with intestinal failure. J Clin Gastroenterol
2007;41:647–56.



E.C. Gorospe, A.S. Oxentenko / Best Practice & Research Clinical Gastroenterology 26 (2012) 663–675 675
[58] Russell MK, Andrews MR, Brewer CK, Rogers JZ, Seidner DL. Standards for specialized nutrition support: adult hospitalized
patients. Nutr Clin Pract 2002;17:384–91.

[59] Spencer CT, Compher CW. Total parenteral nutrition, an ally in the management of patients with intestinal failure and
malnutrition: a long-term view. J Parenter Enter Nutr 2003;27:374–81.

[60] Stokes MA, Hill GL. Peripheral parenteral nutrition: a preliminary report on its efficacy and safety. JPEN J Parenter Enteral
Nutr 1993;17:145–7.

[61] Klein S, Kinney J, Jeejeebhoy K, Alpers D, Hellerstein M, Murray M, et al. Nutrition support in clinical practice: review of
published data and recommendations for future research directions. National Institutes of Health, American Society for
Parenteral and Enteral Nutrition, and American Society for Clinical Nutrition. JPEN J Parenter Enteral Nutr 1997;21:133–56.

[62] Koretz RL, Lipman TO, Klein S. AGA technical review on parenteral nutrition. Gastroenterology 2001;121:970–1001.
[63] Compher CW, Spencer C, Kinosian BP. Perioperative parenteral nutrition: impact on morbidity and mortality in surgical

patients. Nutr Clin Pract 2005;20:460–7.
[64] Guidelines for the use of parenteral and enteral nutrition in adult and pediatric patients. JPEN J Parenter Enteral Nutr

2002;26:1SA–138SA.
[65] Hashimoto T, Perlot T, Rehman A, Trichereau J, Ishiguro H, Paolino M, et al. ACE2 links amino acid malnutrition to microbial

ecology and intestinal inflammation. Nature 2012;487:477. U89.
[66] Opintan JA, Newman MJ, Ayeh-Kumi PF, Affrim R, Gepi-Attee R, Sevilleja J, et al. Pediatric diarrhea in Southern Ghana:

etiology and association with intestinal inflammation and malnutrition. Am J Trop Med Hyg 2010;83:936–43.
[67] Monira S, Hoq MM, Chowdhury AKA, Suau A, Magne F, Endtz H, et al. Short-chain fatty acids and commensal microbiota in

the faeces of severely malnourished children with cholera rehydrated with three different carbohydrates. Eur J Clin Nutr
2010;64:1116–24.


	Nutritional consequences of chronic diarrhoea
	Introduction
	Chronic diarrhoea
	Malnutrition
	Pathophysiology
	Nutritional consequences of chronic diarrhoea
	Malabsorptive conditions
	Inflammatory bowel disease
	Short bowel syndrome
	Gastrointestinal infections
	Irritable bowel syndrome

	Nutrition support
	Enteral nutrition
	Parenteral nutrition

	Future directions
	Summary
	Conflict of interest
	References


