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Introduction
Vitamin and mineral deficiencies are common occurrences in inflammatory bowel
disease (IBD) such as Crohn’s disease (CD) and ulcerative colitis (UC). These observed
deficiencies can be attributed to a combination of gut mucosal inflammation, systemic
inflammation, and decreased oral intake.(1,2) Mucosal inflammation can result in
chronic diarrhea, reduced nutrient absorption and blood loss.(3) These deficiencies may
be worsened by inadequate dietary intake, which can result from lack of appetite, pain
when eating, or by the use of restrictive diets sometimes used to treat IBD. IBD.
Although one or more vitamin(s) or mineral deficiencies may be observed in patients
with IBD, there are a group of vitamin and mineral deficiencies that are more commonly
seen and may have significant clinical implications. Those micronutrient deficiencies
include vitamin D, vitamin B12, folate, iron, calcium, zinc, selenium and magnesium.
There are published clinical practice guidelines for use of micronutrient
supplementation in IBD; however, these guidelines continue to evolve as physicians and
patients become more aware of the importance of the use of micronutrient
supplementation as a component of the treatment of IBD.
Vitamin D
Vitamin D has been recognized as essential for the normal development and
mineralization of the human skeleton. However, the discovery of vitamin D receptor
(VDR) in most tissues and cells in the human body has provided new insights into the
importance of this vitamin.
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Patients with IBD have an increased incidence of vitamin D deficiency.(4,5) Ulitsky et al
reported high rates of vitamin D deficiency in a cohort of IBD patients followed in a
tertiary referral setting in the north-central United States. Approximately half of tested
patients had vitamin D deficiency with 10.9% having severe deficiency. In their report
vitamin D deficiency was independently associated with a lower Health Care Quality of
Life (HCQOL. Vitamin D deficiency was also associated with increased IBD disease
activity.(6). Other studies have reported vitamin D deficiency prevalence in IBD patients
of 27.3 and 63%.(7,8)
Skeletal abnormalities remain a worrisome complication of vitamin D deficiency. Peak
bone mass is generally accrued in childhood and adolescence, and so early interventions
to optimize skeletal health are critical. The most important interventions in a child with
IBD include control of inflammation; increase in weight bearing exercise; and achieving
therapeutic levels of vitamin D. The expert panel of the North American Society for
Pediatric gastroenterology and nutrition recommended screening for vitamin D levels at
least once a year, and keeping a vitamin D level above 32 ng/ml.(9)
Low bone mineral density has been reported in 31% to 59% of patients with IBD in cross
sectional and prospective study evaluations.(10) The prevalence of osteopenia and
osteoporosis in patients with IBD has been reported between 17% and 77%.(11,12) The
relative risk for bone fracture is 40% higher in patients with IBD as compared to those
without IBD.(13) Vogelsang et al prospectively measured serum vitamin D
concentrations during winter and summer in a group of adult European patients with
IBD and found decreased bone mineral content in the summer months that correlated
with low serum vitamin
D concentrations during the previous winter.(14)
Low serum levels of vitamin D have additionally been associated with the increased risk
for the development of IBD. Environmental studies have suggested that lower levels of
vitamin D associated with reduced solar ultraviolet-B radiation exposure could account
for the north-south gradient of IBD, with an increased incidence of IBD among
populations at higher latitudes.(15) Studies have linked single-nucleotide
polymorphisms in the vitamin D receptor (VDR) to increased susceptibility to both CD
and UC.(16)
A growing body of evidence supports the hypothesis that vitamin D deficiency is an
important factor in the stimulation of T-cell–mediated autoimmune diseases such as
IBD.(17) The result of vitamin D treatment in vivo is a reduction in the autoimmune Th1
response and an amelioration of symptoms of experimental IBD. Vitamin D receptor
deficiency and vitamin D ligand deficiency both result in more severe experimental IBD.
In summary, vitamin D deficiency is common in IBD, resulting in bone mineralization
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abnormalities, and reduced bone density, which may in turn predispose the IBD patient
to an increased risk of bone fractures.(18) In addition, vitamin D has other important
disease-related impact including as a causative risk for the development of IBD and, in
experimental models, increased disease severity.
Calcium
Calcium plans a significant role in bone mineralization. Calcium is absorbed in the small
intestine by two general mechanisms: a transcellular active transport process, located
largely in the duodenum and upper jejunum; and a paracellular, passive process that
functions throughout the length of the small intestine.(19) The amount of calcium
absorbed is a function of the journey time of the chyme in a given intestinal segment
and is inversely proportional to the rate of intestinal propulsion. In inflammatory
disease of the intestines, rapid movement of materials through the digestive system can
reduce overall calcium absorption. Calcium absorption from the intestine is also a
vitamin D-dependent process; the lower the body vitamin D levels, the less calcium that
is absorbed. Calcium deficiency has been reported in 13% of patients with IBD.(3)
Separately patients with IBD have been found to have deceased calcium intake in 23%
to 80% of IBD patients.(20)
The recommended dietary allowance for calcium is 1300 mg daily for children aged 9
to 18, and 1000-1200 mg a day for adults.(21)
The diet of IBD patients contains significantly less calcium than healthy controls. Selfreported lactose intolerance, leading to dietary restrictions, is believed to be the single
major determinant of low calcium intake. Inadequate calcium intake is present in one
third of IBD patients and represents a reversible risk factor for osteoporosis.(22) In
patients with IBD, total body calcium stores have been shown to be deficient.(23)
Studies have suggested that increased calcium intake can prevent bone mineralization
losses in patients with IBD.(24) Inflammatory bowel diseases are chronic, relapsing
immune-based diseases affecting the gastrointestinal tract. The immune response
associated with experimental IBD is mediated by T cells that produce large amounts of
the pro-inflammatory Th1 cytokines; IL-2, IFN-c, and TNF-a. Experimental IBD models
suggest that dietary calcium has an independent suppressive effect on IBD severity.
Vitamin D and calcium together provide the maximal suppression of experimental
IBD.(25)
In summary, calcium deficiency is common in IBD and leads to significant bone disease.
Experimental models suggest calcium intake has a suppressive effect on IBD.
Iron
Anemia is the most common systemic complication of IBD.(26) Almost every anemic
patient with IBD demonstrates some degree of iron deficiency.(27) One study noted
that 30% of patients with IBD have iron deficiency anemia.(28) Between 36% and 90% of
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adults with IBD ultimately develop iron deficiency.(29)
Anemia in IBD has multiple causes.(30) Iron deficiency can be as a result of decreased
iron absorption in the small intestine or blood loss from mucosal injury. The systemic
inflammation seen in Crohn disease increases the levels of pro-inflammatory cytokines
such as interleukin-6, which in turn may stimulate the liver to produce hepcidin.
Hepcidin blocks iron absorption at the level of the intestinal epithelial cell, and also
causes cells of the reticuloendothelial system to retain iron. Thus, inflammation causes
anemia by impairing both iron absorption and utilization.
Anemia reduces the ability to perform normal daily activities. Chronic fatigue is a
common symptom in IBD patients with anemia.(31) Fatigue is associated with significant
physical, emotional, psychological, and social consequences, with virtually every aspect
of daily life being affected. Successful treatment of anemia in many studies of various
disease states has resulted in an improvement in energy, activity level and overall
quality of life.(32) Oral iron supplementation for the treatment of iron deficiency
anemia in IBD has been shown to improve quality of life without negatively impacting
the disease course.(33)
Guidelines state that treatment should be considered for all IBD patients with a
hemoglobin below normal.(34) The decision to initiate therapy can depend on patient
symptoms and the severity of anemia and associated comorbidities. However, it is
important to remember that anemia impairs quality of life even in the absence of
specific symptoms and that its treatment often leads to improvement in the quality of
life.(35,36)
Iron also has been shown to play a significant role in the body’s immune response. Iron
homeostasis and cellular immunity are closely linked. Iron inhibits Interferon-C activity
and thereby has deactivating effects on macrophage function and the Th1 response.
Thus, iron therapy and appropriate body iron stores can ease Th1 driven intestinal
inflammation in IBD.(37)
In summary, iron deficiency and anemia are a common complication of patients with
IBD. It is recommended to treat patients with IBD and a hemoglobin below normal. In
addition, iron deficiency may have an impact on IBD disease severity.
Vitamin B12 and Folate
Vitamin B12 (cobalamin) and folic acid (folate) are vitamins and coenzymes involved in a
series of complex biochemical reactions, including DNA synthesis.
Vitamin B12 deficiency can result in anemia; it has been reported in approximately 20%
of both adult and pediatric IBD patients.(38) Other studies have reported a statistically
increased prevalence of B12 deficiency in IBD patients as compared to controls.(39)
Vitamin B12 deficiency may also result in a peripheral neuropathy that can become
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permanent. Optic nerve damage and visual disturbances can also occur. Visible clinical
evidence of Vitamin B12 deficiency occurs when body stores are depleted to less than
10% normal. Vitamin B12 is primarily absorbed in the terminal ileum. Chronic ileal
inflammation may result in B12 deficiency. More commonly, many patients with Crohn
disease undergo surgical removal of the terminal ileum, which greatly increases the risk
of a patient developing vitamin B12 deficiency.(40)
Folate is absorbed in the duodenum and jejunum and deficiency may be due to
inadequate diet, malabsorption, or drug interactions. Clinical manifestation can occur
early in the course of folate deficiency as body folate stores last only 1–2 months and
include anemia and fatigue. One study noted folate deficiency in 59% of IBD
patients.(41) Other studies have reported that folate deficiency affects 60% of IBD
patients. In addition, treatment with sulfasalazine may exacerbate folate deficiency
because it competes with the folic acid present in the intestinal lumen, rendering it
unavailable for absorption.(42) Methotrexate treatment may also contribute to folate
deficiency because methotrexate is an antagonist of folic acid.(43) Folate deficiency can
cause and worsen anemia in IBD patients.(44) Folic acid is an essential co-factor in the
metabolic route of homocysteine-methionine. Folate deficiency may result in
hyperhomocysteinemia resulting in an increased incidence of thromboembolic events.
In summary, B12 and folate deficiency are common in IBD. A deficiency of B12 and or
folate can cause or worsen anemia. A significant peripheral neuropathy and optic nerve
damage may develop as a result of vitamin B12 deficiency; this neuropathy may become
irreversible. Folate deficiency is associated with increased thromboembolic events.
Selenium, Zinc and Magnesium
Selenium deficiency has been noted in patients with even mild IBD.(45) Low levels of
serum selenium have been seen in children with IBD as compared to controls.(46) Other
authors have reported low serum selenium levels in adults with IBD as compared to
controls.(47)
The serum levels of zinc are lower in children with IBD as compared to controls.(48) The
exact cause of zinc deficiency in patients with IBD is not clear, but impaired absorption
has been implicated.(49) Low levels of serum zinc levels have also been reported in
adult patients with IBD.(50) Low levels of zinc have been linked to increased natural
killer cell activity providing a mechanism for increased disease intensity for patients with
IBD.(51) Zinc plays a pivotal role in wound healing; zinc deficiency may be a co-factor in
patients with chronic fistulas that will not heal.(4,24)
Magnesium deficiency has been reported in 13-88% of patients with IBD.(52)
Magnesium losses are accelerated with increased diarrheal output.(53) Low magnesium
levels in IBD patients have been reported to cause fatigue, tetany, heart arrhythmias
and altered gastrointestinal motility.(54,55)
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Besides reduced ingestion of nutrients in IBD and poor absorption through inflamed
mucosal membranes, intraluminal factors may play an additional role in the decreased
absorption of some nutrients. The calcineurin inhibitors cyclosporine and tacrolimus,
sometimes used to treat severe cases of Crohn disease and ulcerative colitis, may also
cause hypomagnesemia by increasing urinary excretion of magnesium. Magnesium,
selenium and zinc can form soap complex in the small intestine due to their mixing and
reaction with poorly absorbed fats.(56) These soap complexes cannot be absorbed.
Reactive oxygen species (oxygen free radicals (OFR)) are a causative agent of tissue
damage in IBD.(57) Abundant production of OFR has been observed in the bowels of IBD
patients with active disease. Under normal physiologic conditions, antioxidant defenses
protect tissues against the damaging effects of these reactive species. Chronic gut
inflammation promotes an imbalance between OFR and antioxidant products resulting
in tissue damage. Zinc and selenium are antioxidants and have been found in low levels
in patients with IBD.(46)
Selenium is a component of glutathione peroxidase, a scavenger of OFR. Selenium
deficiency causes a decrease in glutathione peroxidase function, thereby resulting in
oxidative damage to many organs.(58) Zinc is also a co-factor for superoxide dismutase,
an antioxidant; consequently it protects against oxidative cellular damage.(5) Selenium
has been shown to influence the expression of different genes linked to the activation of
stress signal pathways that play an important role in the pathogenesis of
inflammation.(34)
In summary, zinc, selenium and magnesium deficiency are common in patients with IBD.
Both zinc and selenium protect against tissue damage in IBD seen as a result of oxidative
stress from OFR. Zinc deficiency results in poor wound healing while selenium deficiency
worsens the stress signal pathways that impact the severity of IBD. Magnesium
deficiency can result in fatigue, muscle function and gastrointestinal motility.
Conclusion
IBD is a challenging disease with over 1 million people in the United States with the
diagnosis, over 30,000 new cases annually, and over 2 million ambulatory care visits
yearly.(59) There is compelling data within the literature pointing to micronutrient
deficiencies in the setting of IBD.
Although any vitamin or mineral may become deficient in IBD patients, Vitamin D,
calcium, iron, vitamin B12, folate, zinc, selenium and magnesium are the most common
and may have significant clinical consequences. Micronutrient deficiency in IBD has
been associated increased risk of prolonged hospitalization, complicated peri-operative
courses, and higher mortality.(60,61) Clinicians and patients should remain aware of
micronutrient deficiencies in order to address the treatable causes of morbidity
appropriately and to prevent late and irreversible sequelae.(59).
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While there is a paucity of randomized, placebo-controlled trial data on micronutrient
supplementation in IBD, and for that matter in other complex diseases, patients with
IBD should consider using a daily multi-nutrient supplement which is especially fortified
with Vitamin D, calcium, iron, vitamin B12, folate, zinc, selenium and magnesium based
on published literature and expert opinion. The use of micronutrients in IBD is common,
with some studies pointing to supplement use in over 50% of patients.(62) The
published clinical data underscores the rationale of why patients should be
supplemented with micronutrients on a daily basis.
The major medical associations and current society dietary guidelines relevant to IBD
acknowledge nutritional deficiency in this patient population and advocate considering
nutritional support.(63) Special consideration should be given for vitamin D and the
other fat soluble vitamins, A, E and K, as well as other nutrients, such as vitamin C,
vitamin B12, folate, calcium, magnesium, iron, zinc and copper. IBD patients who are
prescribed corticosteroid medications should be informed of the increased risk for
osteoporosis and should receive calcium and vitamin D supplementation.
Guidelines pertinent to IBD nutrition reviewed are: The American Dietetic Association;
The American College of Gastroenterology; World Gastroenterology Practice Guidelines;
The American Society of Parenteral and Enteral Nutrition; the European Society for
Clinical Nutrition & Metabolism; The Japanese Society for Pediatric Gastroenterology,
hepatology and Nutrition; the Crohn's & Colitis Foundation of America, The National
Digestive Diseases Information Clearinghouse and Medline Plus. The following are
relevant statements:
ESPEN (European Society for Parenteral and Enteral Nutrition) Guidelines: Clinical
Nutrition in Inflammatory Bowel Disease:
- Patients with IBD should be checked for micronutrient deficiencies on a regular basis
and specific deficits should be appropriately corrected.
- Treatment of iron deficiency anemia in IBD is valuable
- Selected IBD patients, e.g. those treated with sulphasalazine and methotrexate, should
be supplemented with vitamin B9/folic acid
- In IBD patients (adults and children) with active disease and those who are steroidtreated, serum calcium and 25(OH) vitamin D should be monitored and supplemented if
required to help prevent low bone mineral density
- Interesting new data suggest that a diet rich in vitamin D and zinc may also protect
against IBD.
American Dietetic Association guidelines for IBD:
- “Use of a multivitamin in IBD is important.”
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ACG Ulcerative Colitis and Crohn’s Disease Guidelines (2009 and 2010):
- “Owing to a significantly increased risk of osteoporosis in the setting of CD when
conventional glucocorticosteroid therapy is used, a baseline DEXA scan,
supplementation of calcium and vitamin D… [is] warranted once corticosteroid therapy
is initiated”
IBD Section of the British Society of Gastroenterology, 2004:
- “Malnutrition is common and multifactorial in origin…Specific attention should be paid
to vitamin B12 status, especially after ileal resection.”
Gut, 2002
- “…it seems reasonable to recommend correction of vitamin D insufficiency with an oral
daily dose of 800 IU of vitamin D3…”
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