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    Chapter 5   
 Other Micronutrient Defi ciencies 
in Infl ammatory Bowel Disease: 
From A to Zinc                     

       Caroline     Hwang       and     Kurt     Hong     

          Introduction 

 The infl ammatory bowel diseases (IBD), which include  ulcerative colitis and 
Crohn’s disease  , are chronic infl ammatory conditions of the gastrointestinal tract 
which increase patients’ risk of malnutrition. Previous retrospective studies demon-
strated that as many as 70–80 % of IBD patients exhibited weight loss during their 
disease course [ 1 – 4 ]. However, most of these studies were performed from the 
1960–1980s and primarily included hospitalized patients with severe active disease, 
often on  chronic steroid therapy  . 

 In the last three decades, there have been several important advances in the treat-
ment of  IBD  —namely, the development of multiple biologic drugs and increased 
use of “top-down” strategies with early combination therapy—that may be leading 
to a greater proportion of IBD patients attaining sustained clinical remission. 
Nutritional studies performed in the post-biologic era seem to suggest that IBD 
patients who are in remission generally have similar macronutrient intake [ 5 ,  6 ] and 
similar body mass indices [ 7 ,  8 ] as healthy controls. In fact, several recent studies 
have reported that there is a growing proportion of obese IBD patients [ 7 ,  9 ,  10 ]. 
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 In general,  malnutrition   can be divided into forms that involve defi ciencies in 
macronutrients (energy and protein intake) and those of micronutrients (vitamins, 
minerals, trace elements). Protein-energy malnutrition can result in weight loss and 
loss of muscle mass, and most often occurs with active, severe IBD. However, 
micronutrient defi ciencies can occur even with disease that is relatively mild or in 
remission. Multiple simultaneous defi ciencies in micronutrients are more common 
in patients with  Crohn’s disease (CD)     , especially those with fi stulas, strictures, or 
prior surgical resections of the small bowel [ 2 ]. 

 Numerous vitamin and mineral  defi ciencies   have been reported in IBD patients 
[ 1 – 4 ]. Notably, the research in this area is lacking, as many of the studies are limited 
by small sample sizes, retrospective design, and frequent use of non-validated nutri-
tional assessment methods and statistical analysis. In addition, laboratory  testing   
that is clinically available (often measurements of plasma or serum levels of micro-
nutrients) can be inaccurate in refl ecting micronutrient status, and optimal levels of 
many micronutrients have yet to be established. 

 The most common micronutrient defi ciencies in IBD patients are those of  iron 
and vitamin D  , which are discussed in detail in separate chapters. In this section, we 
will review the available data on the other micronutrient defi ciencies that can occur 
with IBD and their clinical signifi cance in this population.  

    Normal Micronutrient Absorption and Dietary Requirements 

 Vitamins and minerals are required for diverse biochemical functions in the body, 
including regulation of cell and tissue growth, energy metabolism, and direct 
 antioxidant actions [ 11 ,  12 ]. Since all vitamins and many minerals (the so-called 
 essential elements  ) are not suffi ciently synthesized by humans, they need to be 
obtained from the diet. 

  Vitamins   are organic compounds that can be classifi ed as either water- or fat- 
soluble. Water-soluble vitamins (B vitamins, vitamin C) are readily absorbed in the 
intestinal lumen across enterocyte membranes by either diffusion (for non-charged, 
low-molecular vitamins such as vitamins B3, B6, and C) or by carrier-dependent 
active transport. The fat-soluble vitamins (A, D, E, and K) are hydrophobic sub-
stances that are dissolved fi rst within fat droplets, then broken down by lipases and 
combined with bile salts in the duodenum to form mixed micelles which can diffuse 
across the enterocyte membrane [ 11 ]. 

 Dietary  minerals   are inorganic elements that are important in the makeup of cel-
lular structure and as cofactors and catalysts in enzymatic processes. The so-called 
“macro”  minerals   are those present in larger quantities in the body (i.e., kilo- or 
milligrams) and include calcium, phosphate, potassium, magnesium, and iron. 
Trace elements are present in very small amounts in the body (i.e., nanograms or 
parts per million), and include zinc, copper, and selenium.  Macrominerals and trace 
elements   are absorbed by passive or active transport through the intestinal mucosa, 
often using specialized transport proteins such as the calcium-specifi c TRPV6 
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(Transient Receptor Protein) or the more diverse DMT1 (divalent metal transporter 1) 
which transports several divalent metals including ferrous (Fe 2+ ), zinc (Zn 2+ ), and 
copper (Cu 2+ ) [ 11 ,  12 ]. 

 Normally, over 95 % of vitamins and minerals within food are absorbed in the 
proximal small bowel, usually prior to reaching the mid-jejunum [ 11 ]. The excep-
tion to this is vitamin B12, which, when bound to intrinsic factor, is absorbed in the 
terminal ileum. In addition, the  distal ileum   also absorbs bile acids, which are criti-
cal for the absorption of fat and fat-soluble vitamins. 

    Dietary Requirements 

 Recommendations for the dietary intake of individual vitamins and minerals vary 
tremendously, ranging on the order of nanograms to milligrams per day. In the 
United States, the most widely accepted dietary guidelines were developed by the 
 Institute of Medicine’s Food and Nutrition Board  , mainly for public health purposes 
such as  food labeling and school meal planning  . These guidelines (often termed 
“ Dietary Reference Intakes  ”) were expanded recently to account for new data that 
certain nutrients may help promote health and prevent disease [ 11 ,  12 ]. In addition, 
because of the recognition that a growing number of persons (39 % of American 
adults surveyed in  the   National Health and Nutrition Examination Survey 
[NHANES] [ 13 ]), take multivitamins and other dietary supplements, DRIs also now 
include information about levels associated with toxicity. 

 The DRI’s are actually a set of four  reference values   (Table  5.2 ):

•     Recommended Dietary Allowance  ( RDA ): Average daily dietary intake of a 
nutrient that is suffi cient to meet the requirement of nearly all (97–98 %) healthy 
persons. This is the most commonly referenced DRI value.  

•    Adequate Intake  ( AI ): For nutrients for which an RDA cannot be determined 
based on a lack of available data. The AI is established based on observed intakes 
of that individual nutrient by a group of healthy persons.  

•    Tolerable Upper Intake Level  ( UL ): Highest daily intake of a nutrient that is 
likely to pose no risks of toxicity for almost all individuals.  

•    Estimated Average Requirement  ( EAR ) is the amount of a nutrient that is esti-
mated to meet the requirement of half of all  healthy   individuals in the 
population.    

 These values are listed in Table  5.2 , and are also available online on the USDA 
or IOM websites: 

   http://fnic.nal.usda.gov/dietary-guidance/dietary-reference-intakes/dri-tables    , 
   http://www.iom.edu/Activities/Nutrition/SummaryDRIs/DRI-Tables.aspx    . 
 It is important to recognize that the  DRI values   were established based on healthy 

populations and thus may not refl ect the needs of IBD patients. Notably, for patients 
with active disease and signifi cant diarrhea, daily requirements for iron, potassium, 
calcium, magnesium, and zinc may increase signifi cantly [ 2 ,  5 ]. In addition, many 
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of the foods that are rich in these micronutrients may be diffi cult for some IBD 
patients to tolerate (refer to Table  5.2  for a list of foods). Therefore,  oral supplemen-
tation   may be required in certain situations, though caution must be taken with 
regard to counseling about supplementation, especially with certain micronutrients 
such as zinc and vitamin A, in which there is a narrow margin between the recom-
mended dietary allowance (RDA) and the upper limit (UL) exists. In general, care-
ful monitoring of supplementation should be practiced with any micronutrient that 
has an UL.   

     Pathophysiology   of Micronutrient Defi ciencies in IBD 

 Micronutrient defi ciencies in IBD patients can occur by multiple mechanisms. 
As summarized in Table  5.1 ,    there are a multitude of risk factors in IBD, which can 
be related to disease symptoms (i.e., diarrhea, anorexia), disease-related complica-
tions (i.e., bowel resection), and from drug treatments (i.e., sulfasalazine and folate 
antagonism).

   One of the most important and probably underrecognized mechanisms for 
 malnutrition in IBD is reduced food intake. Globally reduced intake and specifi c 
avoidance of foods is common among IBD patients. This may be particularly signifi cant 

   Table 5.1     Pathogenesis   of micronutrient defi ciency in IBD   

 Decreased food intake  • Anorexia (TNF-mediated) 
 • Avoidance of high-residue food (can worsen abdominal 

pain and diarrhea) 
 • Avoidance of lactose-containing foods (high rates of 

concomitant lactose intolerance) 
 Increased intestinal loss  • Diarrhea (increased loss of Zn 2+ , K + , Mg 2+ ) 

 • Occult/overt blood loss (iron defi ciency) 
 • Exudative enteropathy (protein loss, and decrease in 

albumin-binding proteins (e.g., vitamin D-binding protein)) 
 • Steatorrhea (fat and fat-soluble vitamins) 

 Malabsorption  • Loss of intestinal surface area from active infl ammation, 
resection, bypass, or fi stula 

 • Terminal ileal disease associated with defi ciencies in B12 
and fat-soluble vitamins 

 Hypermetabolic state  • Alterations of resting energy expenditure 
 Drug interactions  • Sulfasalazine and methotrexate inhibits folate absorption 

 • Glucocorticoids impair Ca 2+ , Zn 2+ , and phosphorus 
absorption, vitamin C losses and vitamin D resistance 

 • PPIs impair iron absorption, cholestyramine impairs 
absorption of fat-soluble vitamins, vitamin B12, and iron 

 Long-term total parenteral 
nutrition 

 • Can occur with any micronutrient not added to TPN 
 Reported defi ciencies include thiamine, vitamin A, and trace 
elements Zn 2+ , Cu 2+ , selenium, chromium 
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with active disease, due to anorexia (secondary to infl ammatory cytokines, including 
interleukin IL-6, and tumor necrosis factor-alpha [TNF-α]) [ 14 ]. Many patients also 
self-restrict their diet to minimize symptoms of abdominal pain and diarrhea, com-
monly thought to be exacerbated by large fatty meals and high-residue diets. 

 A recent study showed that even in patients with disease in remission, persistent 
avoidance of major food groups remains common, with approximately one-third 
avoiding grains, another one-third avoiding dairy, and 18 % avoiding vegetables 
entirely [ 9 ]. In addition, multiple studies have reported that the majority of IBD 
patients, regardless of disease activity, intake levels of calcium and vitamin C that 
are signifi cantly lower than Recommended Daily Allowance (RDA, Table  5.2 ). 
In addition, suboptimal intake of folate, thiamine (B1) and pyridoxine (vitamin B6), 
vitamin K, vitamin E and beta-carotene have also been reported to be prevalent 
amongst IBD patients [ 5 ,  15 ].

   Two other important potential causes of malnutrition are enteric loss of nutrients 
(i.e., from diarrhea or fi stula output) and malabsorption. Chronic diarrhea and  fi stula 
output can lead to wasting of zinc, calcium, and potassium [ 3 ] while iron defi ciency 
is the most common nutritional defi ciency in colitis, due largely to chronic gastro-
intestinal bleeding [ 16 ]. Malabsorption more frequently occurs in CD, due to small 
bowel infl ammation or resection. Specifi cally, signifi cant terminal ileal disease and/
or resections >40–60 cm can lead to vitamin B12 defi ciency as well as bile-salt 
wasting and resultant impaired fat-soluble vitamin absorption [ 17 ]. In addition, 
patients with advanced primary sclerosing cholangitis are also at risk for malab-
sorption, as biliary strictures especially within the main branches of the biliary tract 
can lead to bile-salt insuffi ciency and steatorrhea [ 17 ]. 

 Finally, several medications used commonly in IBD can interfere with normal 
micronutrient absorption. Glucocorticoids potently inhibit calcium, phosphorus, 
and zinc absorption and may also lead to impaired metabolism of vitamins C and D 
[ 4 ]. Methotrexate is a potent folate antagonist and sulfasalazine interferes with 
folate absorption [ 18 ]. Proton pump inhibitors, antacids, and calcium supplements 
can inhibit iron  absorption  , if taken simultaneously as dietary or supplemental iron 
[ 16 ]. Cholestyramine, which may be used as an antidiarrheal adjunct, can interfere 
with absorption of fat-soluble vitamins [ 4 ,  11 ]. Finally, the use of long-term paren-
teral nutrition can lead to defi ciencies in any micronutrient not added in suffi cient 
quantities, most commonly vitamins A, D, E, zinc, copper, and selenium [ 19 ].  

    Specifi c Micronutrient Defi ciencies in IBD 

 A wide array of vitamin and mineral defi ciencies may occur in IBD patients, par-
ticularly those with moderate-to-severe disease activity, small bowel Crohn’s 
involvement, and history of bowel resection [ 1 – 4 ]. The most well-recognized nutri-
tional defi ciencies are those of iron, vitamin D, folate, cobalamin, and zinc [ 4 – 6 ]. 
Besides being relatively common in  IBD cohorts  , defi ciencies in these  micronutrients 
are associated with well-known clinical manifestations (i.e., anemia with iron or 
folate defi ciency, and osteoporosis with vitamin D). 
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 For many of the other micronutrients, the literature is sparse and the results of 
existing studies are often diffi cult to interpret, as there is signifi cant variation with 
regard to the defi nitions of defi ciency (i.e., inadequate dietary intake vs. serum lev-
els vs. suspected clinical syndrome) and the type of IBD cohort studied (pediatric 
vs. adult, active disease vs. remission). 

 In this section, we will review the data available on the major essential micronu-
trients and the risk of defi ciency for each in  IBD  . Specifi cally, we will focus on the 
prevalence, risk factors, clinical manifestations, diagnostic testing, and treatment 
with both diet and supplementation (summarized also in Tables  5.2 ,  5.3 , and  5.4 ).

       Major B Vitamins 

    Folate (Vitamin B9) 

  Folic acid   plays an important role in erythrocyte metabolism, serving as a cofactor 
in DNA synthesis and erythrocyte division [ 11 ,  18 ]. Consequently, folate defi ciency 
is classically associated with a  macrocytic megaloblastic anemia  . In addition, 
because folate is an important cofactor in the conversion of homocysteine to methi-
onine, folate defi ciency can lead to accumulation of homocysteine levels in the 
blood.  Hyperhomocysteinemia   is a known risk factor for arterial and potentially 
venous thromboembolism [ 28 ,  29 ]. In patients with IBD there is an increased preva-
lence of hyperhomocysteinemia (defi ned as fasting plasma level >15 ng/mL), with 
reported frequency between 11 and 52 %, compared with 3.3–5 % in the control 
population [ 30 – 33 ], which may at least partially account for the increased risk of 
thromboembolic disease in IBD patients. 

 A controversial association between folate defi ciency and increased colorectal 
cancer risk in IBD has also been reported. Folate may play an important role in 
 colonic infl ammation and carcinogenesis  , since it participates in biological methyla-
tion and nucleotide synthesis. In  animal models  , defi ciencies have been associated 
with reduced levels of p53 mRNA, increased DNA strand breaks, and DNA hypo-
methylation in the colon [ 33 ,  34 ]. In human epidemiologic studies, low dietary folate 
intake has been associated with sporadic colorectal cancer [ 35 – 38 ]. Within the IBD 
population, there have been two case-control studies and a retrospective analysis that 
have shown decreased serum folate levels in patients with premalignant lesions or 
cancer in the colon, compared with colitis patients without neoplasms [ 39 – 41 ]. 

 Folate defi ciency can occur rather rapidly without regular daily intake, since 
total body stores only averages ~500–20,000 μg in healthy individuals and may 
be much lower in patients with acute illness or with malabsorptive disease [ 18 ]. 
 Recommended Daily Allowance (RDA)      for folic acid is 400 μg for healthy adults 
and 500–600 μg during pregnancy and lactation [ 11 ]. Daily intake up to 1000 μg 
might be required for individuals at higher risk for defi ciency, including those on 
folate antagonist drugs such as methotrexate or  sulfasalazine   and those who consume 
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signifi cant and regular alcohol. Foods naturally rich in folic acid include dark leafy 
greens (spinach, collard, and turnip greens), asparagus, broccoli, citrus fruits, avo-
cado, beets, and lentils (refer to Table  5.2 ). In the United States and Canada, nearly 
all cereals and enriched grain products are enriched with folate, due to national 
mandated programs launched in the 1980s to decrease rates of neural tube birth 
defects [ 42 ]. 

 In spite of these folate  fortifi cation programs  , IBD patients may be at increased 
risk of folic acid defi ciency compared with the general population. While more 
recent studies demonstrate that folate defi ciency is less prevalent than was previ-
ously reported in historical IBD cohort studies (51–80 %) [ 3 ,  4 ,  18 ], folate  defi ciency 
still appears to be relatively common, particularly in CD. In a recent retrospective 
case-control study performed in 2010, abnormal serum folate levels (<3 ng/mL) 
were found in 28.8 % of the CD patients, 8.8 % of ulcerative colitis (UC) patients, 
and 3 % of controls [ 43 ]. Three studies performed in  CD  —one of which only 
included patients with disease in remission—reported similar rates (20–26 %) of 
subnormal folate levels [ 24 ,  43 ,  44 ]. It should be noted that all of the above studies 
used serum folate level, although  red blood cell (RBC)   folate levels is a superior 
test as it averages folate levels over the preceding 3 months. There have been two 
studies utilizing RBC folate  levels   in IBD patients, showing much lower rates of 
defi ciency seen (0–7 %) [ 45 ]. 

 Potential mechanisms of folate defi ciency in IBD include inadequate dietary 
intake, malabsorption, and medication interactions. Inadequate intake is likely a 
major contributor, as supported by two studies in which prospective food records of 
outpatient IBD showed inadequate folate intake in 40–78 % [ 5 ,  45 ]. Active Crohn’s 
ileitis and history of small bowel  resection   have been demonstrated to be risk factors 
for folate defi ciency, supporting malabsorptive mechanisms [ 24 ,  43 ]. Finally,  sul-
fasalazine and methotrexate   both can cause folate defi ciency, as both are inhibitors 
of dihydrofolate reductase and cellular uptake of folate [ 46 ]. 

 Currently, there are no clear guidelines on screening for folate defi ciency in IBD 
patients, especially in patients with disease in remission and who report no major 
restrictions in their diet. However, measuring folate levels (RBC levels preferred 
over serum) is defi nitely indicated in all anemic IBD patients, particularly those with 
CD. In addition, if patients display other  clinical symptoms   of folate defi ciency, such 
as glossitis, angular stomatitis, or depression, checking folate status is warranted 
[ 11 ]. If RBC folate level is normal, but suspicion for folate defi ciency is high, homo-
cysteine levels can also be assessed. Elevated serum  homocysteine   is potentially 
more sensitive, although less specifi c for folate defi ciency, since hyperhomocystein-
emia can also occurs with defi ciencies of vitamin B6 and B12 [ 18 ]. 

 Once folate defi ciency is diagnosed, folate supplementation of 1 mg/day is usu-
ally suffi cient to replenish defi cient folate stores within 2–3 weeks [ 47 ]. Following 
repletion of folate stores, folate intake at the DRI levels of 400–600 μg should be 
suffi cient in the long term. The exception to this is patients who are on folate antag-
onist drugs (methotrexate or sulfasalazine)   , pregnant IBD patients, and those on 
long-term TPN [ 48 ]. These higher-risk patients should receive at least 1 mg/day of 
folate indefi nitely or for as long as their risk factor is present (i.e., until they are 
taken off folate antagonist/TPN or give birth). 
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 Another potential indication for folate supplementation in IBD patients is the 
prevention of colitis-associated  colorectal cancer (CRC)        , although this is more con-
troversial. There have been several small studies that have suggested folate may 
potentially have chemopreventative effects, at least on the molecular level. In one 
small prospective, placebo-controlled study of patients with  sporadic adenomas  , it 
was found that daily supplementation with 5 mg of folate was associated with an 
increase in genomic DNA methylation and a decrease in the extent of p53 strand 
breaks, after 6 and 12 months [ 33 ]. In UC patients, supplementation with folate at 
doses of 15 mg/day resulted in reduced cell proliferation/kinetics in the  rectal 
mucosa   [ 49 ]. Despite these preclinical studies, the fi ndings of several meta-analyses 
cannot convincingly demonstrate a clear  chemopreventative effect   for folate [ 50 ,  51 ]. 
However, given the safety and low cost of folate, additional folate supplementation 
of at least 1 mg/day (or at least counseling about adequate dietary intake) should be 
considered in patients with multiple years of pancolitis or other risk factors for CRC.  

    Cyanocobalamin (Vitamin B12) 

 Vitamin B12, also known as cyanocobalamin, is an essential nutrient which serves 
as an important cofactor in normal energy metabolism as well as  amino acid and 
fatty acid metabolism  . Additionally, B12 is vital in a myriad of other vital  physio-
logical processes   such as neuron function, blood formation, bone marrow health, 
and DNA synthesis/regulation. 

 Although probably less common than folate defi ciency in the general population, 
vitamin B12 defi ciency is an especially important consideration in patients with 
 Crohn’s disease   and in all elderly IBD patients. Similar to folate, defi ciency in vita-
min B12 is associated with a megaloblastic anemia and hyperhomocysteinemia [ 17 , 
 30 ]. In addition to these hematological abnormalities, other clinical manifestations 
of B12 defi ciency include  neurologic and skeletal changes  . Vitamin B12 defi ciency 
appears to be associated with an increased risk of osteoporosis [ 52 ] and hip and 
spine fractures [ 53 ], possibly due to suppression of osteoblast activity [ 54 ]. In pati-
ents with neuropsychiatric manifestations, defi ciency in vitamin B12 likely impacts 
 neuronal myelin formation  , leading to a syndrome marked by dementia, paresthe-
sias, ataxia, weakness, and spasticity [ 11 ,  55 ]. 

 Dietary sources of B12 principally come from animal products, particularly red 
meats, and marine  sources   such as mackerel, salmon, and sardine. Other  sources   of 
vitamin B12 are listed in Table  5.2 . Gastrointestinal absorption of vitamin B12 
occurs by a fairly complex process. Dietary cobalamin is cleaved from R factor by 
pancreatic proteases and binds to intrinsic factor, which is produced in the stomach. 
The IF-cobalamin compound then travels to the ileum where it binds to a specifi c 
receptor, cobalamin, and then is absorbed through the distal ileal mucosa. Since CD 
frequently affects the ileum, with 25–35 % of patients with isolated ileal infl amma-
tion and another 30–40 % with ileocolonic involvement [ 1 ], long-term infl am mation 
can lead to impaired absorption of vitamin B12. Therefore, patients with CD are 
thought to be at signifi cant risk for developing vitamin B12 defi ciency [ 43 ]. 
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 In IBD cohorts, there have been few recent studies evaluating vitamin B12 status. 
In patients with CD, defi ciency was reported in 11–22 % [ 17 ,  43 ,  56 ]. In the largest 
of these studies, Headstrom et al. [ 56 ] found in a retrospective multivariate analysis 
of 200  CD patients   that the greatest risk factors for B12 defi ciency were prior ileal 
resection (odds ratio [OR] 7.22; 95 % confi dence interval [CI], 1.97–26.5) or ileoco-
lonic resection (OR 5.81; 95 % CI, 2.09–10.12). Neither disease location nor dura-
tion was independently associated with risk of B12 defi ciency. In contrast, UC is 
always confi ned to infl ammation within the colon, and thus rates of B12 defi ciency 
have generally been found to be comparable to that of the general population [ 43 ,  44 ]. 
However, there have been several reports of B12 defi ciency in UC patients who have 
undergone proctocolectomy with  ileoanal pouch anastomosis  , although it is unclear 
if this may be related to the small amount of ileum resected during this anastomotic 
reconstruction (≈20–40 cm) or small bowel overgrowth of the pouch [ 57 ]. 

  Diagnosis   of vitamin B12 defi ciency has traditionally been based on serum vita-
min B12 levels, usually defi ned as less than 200 pg/mL (150 pmol/L), along with 
clinical evidence of disease. However, in many individuals, particularly elderly 
patients, irreversible neuropsychiatric manifestations can begin to occur, even in the 
absence of hematological manifestations of B12 defi ciency [ 55 ]. Therefore, it is 
advocated that if serum B12 levels are normal in at-risk populations (Crohn’s dis-
ease patients with ileal disease, elderly IBD patients), that  methylmalonic acid and 
homocysteine levels  —metabolites of vitamin B12—be assessed next, as these 
appear to be more sensitive [ 55 ,  56 ]. 

 Assessing for vitamin B12 status is defi nitively indicated in all IBD patients with 
 anemia  . In addition, any patient with new onset of depression, memory diffi culties, 
motor dysfunction, severe fatigue, or personality changes should also be tested for 
B12 defi ciency. In addition, periodic screening should be considered in all CD 
patients, especially those with active ileal CD or history of ileal resection, although 
the recommended intervals for screening have not been established. Previous stud-
ies have demonstrated that patients with  terminal ileal resections   of >60 cm will 
need lifelong B12 replacement, while up to 48 % of patients with shorter resection 
lengths of 20–40 cm are at risk of eventually developing B12 defi ciency [ 58 ,  59 ]. 

 In CD patients with intact ileum and whose disease is in remission, either oral or 
sublingual vitamin B12  supplementation   can be considered. In patients with ileal 
resection or those with severe ileal infl ammation, the optimal method for supple-
mentation is less clear. Traditionally, the preferred approach has been monthly par-
enteral injections, as this route is inexpensive and is effective in quickly correcting 
B12 defi ciency [ 47 ]. A recent  Cochrane meta-analysis   suggested that high-dose oral 
cobalamin of 1000–2000 μg (initially daily, then weekly, then monthly) was as 
effective as intramuscular injections in patients with B12 defi ciency, although the 
studies did not include patients with CD [ 60 ]. However, it seems reasonable to 
assume that patients with IBD, especially active small bowel disease, may have 
impaired absorption of oral cobalamin. Therefore, at the current time further studies 
need to be performed before oral supplements can be widely recommended to IBD 
patients with B12 defi ciency.  
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     Pyridoxine (Vitamin B6)   

 Vitamin B6 (pyridoxine) is a water-soluble B vitamin that comes in several 
forms, including pyridoxine, pyridoxal, and pyridoxamine, as well as 5′ phosphates. 
Pyridoxal-5-phosphate (PLP), the biologically active form of vitamin B6, is a 
 cofactor for over 140 biochemical reactions, including those involved in carbohy-
drate and protein metabolism, neuronal function, and RBC production. In addition, 
vitamin B6 may also play a role in infl ammation, as Plasma PLP concentrations are 
inversely related to markers of infl ammation such as C-reactive protein [ 61 ]. 

 Since vitamin B6 is absorbed by passive diffusion in both jejunum and ileum, 
defi ciency is less common than other B vitamins and rarely occurs in isolation. 
Although severe vitamin B6 defi ciency is rare in the general population, mild 
 inadequacy [plasma pyridoxal 5′-phosphate (PLP) <20 nmol/L] is observed in 
19–27 % of the US population [ 62 ]. In IBD patients, only two studies to date have 
looked at vitamin B6 status. From these small studies, it appears that rates of vita-
min B6 defi ciency were 10–13 %, with one study demonstrating a greater risk in 
patients (27 % vs. 2.9 %,  p  < 0.01) with active disease compared with those with 
quiescent disease [ 63 ,  64 ]. Similar to earlier observations in rheumatoid arthritis, it 
has been suggested that infl ammation can deplete plasma vitamin B6. Lastly, 
certain drugs, including corticosteroids and isoniazid, may interfere with B6 
 metabolism [ 46 ]. 

 The RDA for vitamin B6 is 1.3–1.7 mg/day (Table  5.2 ) and sources can be found 
in both plant and animal sources, including grains, nuts, vegetable such as spinach 
and cabbage, and meats such as tuna, turkey, and beef. Food preparation and pro-
cessing—particularly overcooking—can signifi cantly reduce vitamin B6 availabil-
ity up to 50 % [ 62 ]. 

 Classic manifestations of vitamin B6 defi ciency include a seborrheic dermatitis- 
like rash, atrophic glossitis, and neurological symptoms including neuropathy. 
Vitamin B6 status can be assessed by measuring PLP level (defi ciency defi ned as 
<10 ng/mL). In certain IBD patients with suggestive symptoms, erythrocyte trans-
aminase activity, with and without PLP added, can also used as a functional test of 
pyridoxine status, and may be a more accurate refl ection of vitamin B6 status in 
critically ill patients [ 61 ,  62 ]. Vitamin B6  defi ciency   can be treated with 50–100 mg/
day of pyridoxine daily [ 11 ].   

    Other B Vitamins 

     Thiamine (Vitamin B1)   

 Thiamine is a water-soluble vitamin that is important in the catabolism of sugars 
and amino acids, and in which severe defi ciencies are associated with peripheral 
neuropathy and cardiomyopathy (beri-beri) [ 11 ]. Thiamine is found in multiple 
dietary sources (eggs, meats, bread, nuts), and high temperature cooking and baking 
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as well as pasteurization can destroy thiamine. Similar to vitamin B6, thiamine 
absorption mainly occurs in the jejunum by varying degrees of active and passive 
transport, depending on body stores and luminal concentrations of thiamine. 

 There have been two small studies demonstrating that thiamine defi ciency may 
be more common in CD patients compared with controls [ 5 ,  63 ]. The more recent 
of these studies was performed within the last decade on 54 CD patients whose 
disease was in remission. Even in this group, dietary thiamine intake was signifi -
cantly lower than controls and low serum vitamin B1 was found in 32 % of patients 
[ 5 ]. The rate of thiamine defi ciency in either active CD or in patients with UC is not 
known. In another study, IBD patients with fatigue attribute to mild intracellular 
thiamine defi ciency were treated with oral or parenteral thiamine with reported 
improved in symptom [ 65 ]. The RDA for thiamine is 1.2–1.4 mg/day for the general 
population [ 11 ] and at least this amount should be recommended for patients with 
IBD. If patients are unable to meet these requirements through dietary sources, most 
B-complex multivitamins will provide suffi cient amounts of thiamine.  

     Ribofl avin (Vitamin B2)   

 Vitamin B2 (ribofl avin) is a water-soluble vitamin that acts as an oxidant in several 
important reactions, including fatty acid oxidation, reduction of glutathione, and 
pyruvate decarboxylation. Dietary sources of vitamin B2 include meats, fi sh, eggs 
and milk, green vegetables, yeast, and certain enriched foods. Absorption occurs in 
the jejunum by sodium-dependent active transport. Defi ciency can manifest with 
oral (angular cheilitis, cracked lips) and ocular (photophobia) symptoms. Ribofl avin 
defi ciency does not appear to be common in  IBD  , with only one study performed in 
1983 documenting a modestly elevated incidence in CD patients compared with 
controls [ 63 ].  

     Niacin (Vitamin B3)   

 Niacin or nicotinic acid is another water-soluble member of the B complex family. 
It is a precursor to NAD+/NADH and NADP+/NADPH, and also is involved in both 
DNA repair and production of adrenal steroid hormones. Absorption of niacin 
occurs mainly in the jejunum, and dietary sources include chicken, beef, fi sh, cereal, 
nuts, dairy, and eggs. Severe defi ciency can cause pellagra (diarrhea, dermatitis, and 
dementia), although dermatological and psychiatric symptoms are common in even 
mild defi ciency [ 66 ]. 

 A recent study found plasma vitamin B3 levels to be low in 77 % of CD patients 
with disease in remission [ 5 ]. However, these results need to be carefully interpreted, 
given that niacin status should be assessed via urinary biomarkers, as these are more 
reliable than plasma levels. Nevertheless, this study does suggest that niacin defi -
ciency may be fairly prevalent in the CD population (prevalence in UC patients is not 
known). The recommended daily allowance of niacin is 14 mg/day for women, 
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16 mg/day for men, and 18 mg/day for pregnant or breast-feeding women [ 11 ]. 
If patients cannot meet these requirements, oral vitamin B3 at doses commonly 
found in standard multivitamin preparations should be encouraged.  

    Biotin (Vitamin B7)   

 Vitamin B7 (biotin) is a coenzyme in the metabolism of fatty acids and leucine, and 
it plays a role in gluconeogenesis. Like the other B vitamins, its absorption occurs 
primarily in the jejunum. Defi ciency in biotin is rare and tends to present with mild 
symptoms. There has only been one study of biotin status in IBD patients, in which 
serum levels did not differ from that of healthy controls [ 63 ].   

    Fat-Soluble Vitamins 

    Vitamin A   

 Vitamin A actually refers to a group of related compounds which includes  retinol/
retinal   (so-called  preformed  active forms of vitamin A that can only be found from 
animal sources, such as beef and eggs), retinoic acid (converted from retinal by the 
body), and the carotenoids ( provitamin  A compounds which are synthesized by 
plants and can be converted by humans into retinol). The most important of the 
carotenoids is  β-carotene  , which is found in carrots, greens, spinach, orange juice, 
sweet potatoes, and cantaloupe [ 11 ]. 

 The vitamin A compound group plays an important role in  vision and wound 
healing  . Retinal is a vital structural component of the visual pigments of retinal rod 
and cone cells [ 20 ].  Retinoic acid   plays an important role in wound healing, by 
augmenting the presence of macrophage and monocyte at the wound site and stimu-
lating fi broblasts’ production of collagen [ 20 ,  67 ]. Vitamin A also plays an impor-
tant role in reproduction as well as serving as a  hormone-like growth factor   for 
epithelial cells, participating in cellular differentiation and gene regulation [ 20 ]. 

 Following ingestion of  dietary retinol and carotenoids  , these compounds are 
solubilized by bile salts, absorbed by enterocytes throughout the small bowel, incor-
porated in chylomicrons, and shuttled between the liver (main storage site, 50–80 % 
of stores) and to tissues such as the retina and skin. The amount of vitamin A avail-
able from dietary carotenoids depends on the effi ciency of absorption (can vary 
between 5 and 50 %, depending on the type and source of carotenoid), the digest-
ibility of the associated protein complex, and the level of dietary fat accompanying 
carotenoid intake [ 11 ,  20 ]. Normal vitamin A metabolism is dependent on zinc, as 
this mineral is necessary for the synthesis of  retinol binding protein (RBP)     , which 
transports retinol through the circulation and also is required for enzymatic reac-
tions that activate retinol. 
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 There have been several small studies in which mean vitamin A and  β-carotene 
levels   were found to be signifi cantly lower in IBD patients [ 14 ,  21 ,  22 ]. These  studies 
need to be interpreted carefully, as assessing vitamin A status can be quite compli-
cated and serum testing does not accurately refl ect body stores, as discussed further 
below. However, there have been also several cohort studies which suggest that 
the majority of IBD patients—between 36 and 90 %—have inadequate vitamin A 
intake with signifi cantly lower dietary levels than the RDA (700 μg in women, 
900 μg in men) [ 5 ,  6 ,  45 ]. 

 Vitamin A defi ciency remains more of a clinical diagnosis, as  serum testing   can 
be quite inaccurate and confusing. The tests available include serum retinol levels, 
serum retinal-binding protein, and serum carotene levels. Because most vitamin A 
is stored in the liver, serum retinol testing can underestimate defi ciency, since reti-
nol can be released by liver until very late stages of vitamin A defi ciency. Conversely, 
serum retinol tests can be artifi cially low in the setting of severe protein-energy 
malnutrition (i.e., IBD patient who is cachectic or losing weight), partially because 
production of the retinol’s binding protein (RBP) is decreased. Serum carotene 
 levels can vary tremendously based on recent intake of dietary vitamin A. 

 Despite these  limitations  , serum retinol levels (levels less than 20 μg/dL or a ratio 
of retinol:RBP (a molar ratio <0.8)) are suggestive of vitamin A defi ciency [ 20 ]. 
However, in high-risk patients who do not meet these laboratory criteria, one should 
keep a high suspicion and observe for earlier clinical signs of vitamin A defi ciency. 
This includes dry eyes (xerophthalmia) and impaired night vision (nyctalopia) from 
the loss of visual pigments—both can actually occur quite quickly in the setting of 
vitamin A defi ciency. In addition, vitamin A defi ciency is also associated with  skin 
texture changes   involving follicular hyperkeratosis (phrynoderma), impaired wound 
healing, unexplained anemia, and impaired immunocompetence (reduced numbers 
and mitogenic responsiveness of T lymphocytes) [ 20 ]. 

 Vitamin A supplementation in IBD patients has not been well studied, so cur-
rently it is suggested that, in the absence of suspected defi ciency, vitamin A should 
not be routinely recommended because of the risk of toxicity. For patients with 
defi ciency, particularly those with visual changes, short courses of higher-dose vita-
min A is usually recommended. For example, to treat  xerophthalmia  , ultra-high 
doses of 100,000 IU (20,000 μg) have been used, but these doses should only be 
done in conjunction with an ophthalmologists. In general, to replete defi cient IBD 
patients, doses should be aimed at the DRI’s Tolerable Upper Limit Intake Levels 
(UL) of 10,000–15,000 IU (2000–3000 μg of retinol or 3000–4500 μg of carotenoid 
form) per day for a 1–2 week period. Once patients are started on therapy, signs of 
vitamin A  toxicity   (headache, bone pain, liver toxicity, hemorrhage) should be 
closely monitored [ 11 ]. 

 In addition, another potential indication for vitamin A  supplementation   may be 
in the perioperative period after bowel surgery and/or for patients with  refractory 
fi stulas  . To enhance wound healing in the acute setting, several expert groups have 
recommended 10,000 IU–15,000 IU/day orally or intramuscularly for 10 days [ 20 , 
 68 ]. This may be especially benefi cial for patients who are on corticosteroids or 
have concomitant protein malnutrition.  
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    Vitamin D      

 Vitamin D is a fat-soluble vitamin that is essential for skeletal bone health and may 
have an important role in regulating the adaptive immune system. Several reports 
have demonstrated that IBD patients are at higher risk for hypovitaminosis D, with 
rates between 22 and 70 % for CD patients and up to 45 % in UC [ 68 ,  69 ]. A more 
detailed discussion of the vitamin D defi ciency will be covered in a separate 
chapter.  

    Vitamin E      

 Vitamin E refers to a group of fat-soluble vitamins which play a fundamental role in 
protecting the body against the damaging effects of reactive oxygen species. When 
located in the lipid portion of cell membranes, vitamin E protects the unsaturated 
membrane phospholipids from oxidative degradation from highly reactive oxygen 
free radicals. Vitamin E includes two classes of biologically active substances: (1) 
the tocopherols and (2) the related but less biologically active compounds, the toco-
trienols. Amongst the tocopherols, γ-tocopherol is the most common in the North 
American diet, found in corn oil, soybean oil, margarine, and dressings. Alpha (α-) 
tocopherol, the most biologically active form of vitamin E and the second most 
common dietary form of vitamin E, is found in sunfl ower and saffl ower oils. Vitamin 
E is absorbed in the duodenum via micelle-dependent diffusion. Similar to other 
fat-soluble vitamins, its use depends on the presence of dietary fat and suffi cient 
biliary and pancreatic function. Vitamin E in the form of supplements is usually 
found in esterifi ed forms (which can be more stable) but is absorbed only after 
hydrolysis by duodenal esterases [ 70 ]. 

 In patients with evidence of fat malabsorption and/or those receiving cholestyr-
amine treatment, risk for potential vitamin E defi ciency is increased. Currently, the 
RDA for vitamin E is quantifi ed in terms of α-tocopherol equivalents (α-TEs); 1 mg 
of α-tocopherol is defi ned as one α-TE. Typical recommendation for adults (both 
male/female) is 15 mg/day of α-tocopherol (or 15 α-TE). Clinical manifestations 
suggestive of vitamin E defi ciency can include the neuromuscular, vascular, and 
reproductive systems, including impaired vibratory and position sensation, changes 
in balance and coordination, muscle weakness, loss of deep tendon refl exes and 
visual disturbances [ 70 ,  71 ]. 

 There have been three studies to date looking at  vitamin E      status in IBD patients. 
The cohorts used were heterogeneous, with one only including CD patients [ 63 ] one 
with only UC [ 72 ] and one study which combined UC and CD patients [ 22 ]. Of these 
three studies, only the study of CD patients found a signifi cantly lower serum vita-
min E level, compared with controls, and this difference appeared irrespective of 
disease activity. Given the very scant data available on vitamin E defi ciency in IBD, 
there are no current recommendations on monitoring and replacement of vitamin 
E. However, in patients with suggestive symptoms for possible  defi ciency, particu-
larly CD patients with signifi cant fat malabsorption, low-dose  supplementation 
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(15 mg/day) for a limited period may be warranted. Regular interval monitoring of 
vitamin E level is recommended during supplementation in order to prevent 
toxicity.  

    Vitamin K      

 Vitamin K is a fat-soluble vitamin that exists in two major forms: (1) phylloqui-
nones, which are primarily synthesized by green plants and (2) menaquinones, 
which are derived mainly from bacteria. Dietary phylloquinones are absorbed by an 
energy-dependent process in the small intestine while the menaquinones are 
absorbed in the small intestine and colon by passive diffusion [ 73 ]. Like the other 
fat-soluble vitamins, absorption depends on a minimum amount of dietary fat and 
on bile salts and pancreatic juices. Good dietary sources of vitamin K include green 
vegetables (collards, spinach, salad greens, broccoli), brussel sprouts, cabbage, 
plant oils, and margarine. Because of a lack of data on optimal vitamin K need, the 
DRI does not  provide      an RDA but rather than “Adequate Intake” value for vitamin 
K (an observed mean value of what a group of “healthy persons” was noted to con-
sume—which is 90 μg/day (women) to 120 μg (for men)) [ 11 ]. 

 Vitamin K serves an important function in both skeletal bone health and normal 
blood clotting. Vitamin K is a known cofactor for posttranslational γ-carboxylation 
of multiple proteins, including blood coagulation factors as well as osteocalcin 
(OC), a regulator of bone mineral maturation [ 74 ,  75 ]. Osteocalcin is produced by 
osteoblasts and requires γ-carboxylation in order to bind calcium. Under conditions 
of vitamin K defi ciency, OC remains uncarboxylated and is transferred into the 
circulation. Serum uncarboxylated osteocalcin (percent or total) refl ects vitamin K 
status in the bone and is often used as an indirect measure of total vitamin K stores. 
The other method of measuring vitamin K status is serum phylloquinone levels, 
although levels can be infl uenced by recent dietary intake and triglyceride levels 
[ 75 ,  76 ]. The lack of a single reliable and direct method of vitamin K status is a 
principle limitation in interpretation of studies on this vitamin’s importance in bone 
health. 

 There have been several large epidemiological studies, including one that used 
the Nurses’ Health Study cohort and another the Framingham cohort, which dem-
onstrate that low dietary intake of vitamin K appears to be associated with osteopo-
rotic fracture risk and low BMD [ 75 – 77 ]. However, studies correlating biochemical 
measures of vitamin K (uncarboxylated osteocalcin level or serum phylloquinone 
levels) with bone disease have been less consistent, with some studies showing an 
association while others do not [ 78 – 80 ]. This likely refl ects either limitations of 
current tests of vitamin K status, or a weak association between vitamin K status 
and bone disease. 

 In the general population, vitamin K defi ciency is rare, but patients with malab-
sorptive disorders or who have been on chronic or frequent antibiotics may be at 
increased risk. Within the IBD literature, there have been relatively few studies 
addressing vitamin K status. The earliest study utilized abnormal prothrombin 
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 antigen assay as a surrogate measure of vitamin K status, and found that in an IBD 
cohort (17 CD/1 UC), 31 % were vitamin K-defi cient [ 73 ]. There have been two 
more recent studies that measured serum uncarboxylated osteocalcin levels in CD 
patients and found levels to be signifi cantly lower compared with controls [ 81 ] and 
with UC patients [ 82 ,  83 ]. Although these studies were too small to perform sub-
group analysis, there was a suggestion that vitamin K defi ciency was more common 
in patients with active infl ammation and more extensive small bowel involvement, 
suggesting  malabsorption      as a potential mechanism. There have been multiple stud-
ies showing that dietary intake of vitamin K is also signifi cantly lower in IBD 
patients, even in patients with disease remission, compared with controls [ 9 ,  81 ]. 

 While in older adults, low intake of vitamin K has been associated with increased 
incidence of hip fractures, currently there does not appear to be suffi cient evidence 
to support the use of vitamin K supplements in IBD patients as a means to prevent 
or treat bone disease. While there have been no trials performed in the IBD popula-
tion, there have been four randomized controlled trials of phylloquinone supple-
mentation in elderly women and healthy controls. None of these showed increased 
BMD in >1 skeletal site [ 84 – 86 ]. There have been a few positive studies from Japan, 
in which menaquinone-4 (a different form of vitamin K, naturally present in natto, 
a fermented soybean product common in Japan) at doses of 45 mg/day appeared to 
be more effective at improving BMD and decreased fracture risk [ 87 ,  88 ]. However, 
these studies lacked suffi cient sample size and many were not placebo-controlled, 
so further prospective studies need to be performed. 

 In summary, there is evidence that inadequate dietary vitamin K may increase 
risk of bone disease, although this may not be adequately refl ected in current mea-
surements of vitamin K. Because of malabsorption and dietary restrictions, IBD 
patients may be at risk for vitamin K defi ciency. There is limited evidence suggest-
ing vitamin K defi ciency may contribute to bone disease, especially in those with 
normal vitamin D status, although currently there is insuffi cient evidence to recom-
mend oral vitamin K supplements. Rather, since vitamin K is found in large amounts 
in green leafy vegetables (typically at levels greater than 100 μg/100 g), increased 
dietary intake should be encouraged in all patients to improve bone health.  

    Vitamin C      

 Vitamin C, also known as ascorbic acid or L-ascorbic acid, is an important antio-
xidant in multiple tissues and also serves as a cofactor in multiple enzymatic 
 reactions, including collagen synthesis. With respect to wound healing, vitamin C is 
also important, as it supports angiogenesis and regulates neutrophil activity [ 23 ]. 

 Vitamin C cannot be synthesized intrinsically due to lack of the enzyme 
L-gulonolactone oxidase in humans. The RDA for vitamin C intake is 75 mg for 
women and 90 mg for men. Fruits and vegetables are the best dietary sources of 
vitamin C, particularly citrus fruits, tomatoes, and potatoes. Vitamin C is absorbed 
from the diet in the jejunum by active transport and passive diffusion. Once 
absorbed, vitamin C is concentrated primarily in its oxidized form (dehydroascorbic 
acid) in many vital organs, including the adrenals, brain, and eye [ 11 ]. 
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 In the general population, signifi cant vitamin C defi ciency is rare. Severe vitamin 
C defi ciencies can result in clinical scurvy, which is characterized by bleeding 
gums, hemarthroses, and poor wound healing. Less severe defi ciency, as measured 
by subnormal serum vitamin C levels, have been reported to be relatively common 
in IBD [ 21 ,  22 ]. This is most likely due to low dietary intake, which has been shown 
in several IBD cohort studies to be quite common [ 5 ,  15 ]. 

 Vitamin C status is typically assessed by measuring plasma vitamin C levels. 
Other measures, such as leukocyte vitamin C concentration, could be more accurate 
indicators of tissue vitamin C levels, but are not yet readily available in commercial 
laboratories [ 89 ]. Vitamin C defi ciency should also be suspected in patients with 
easy bruising, gingival bleeding, and enlargement and hyperkeratosis of the hair 
follicles. In IBD patients with vitamin C defi ciency, higher dose of supplementation 
at 100–200 mg/day may be needed. Higher-dose vitamin C may also be helpful for 
those with acute wound healing needs, including fi stulas or recent surgery [ 23 ]. One 
special consideration should be made for IBD patients who are smokers. Because of 
the lower concentrations of ascorbic acid in this population, it has been recom-
mended that smokers increase their intake by an additional 35 mg/day.   

    Macrominerals 

    Calcium      

 Calcium is the most abundant mineral in the human body, with average body stores 
of 1–2 kg, 99 % of which is in the skeleton and teeth. Serum calcium level is main-
tained within a narrow range of 8.8–10.8 mg/dL, of which the ionized calcium con-
centrations range from 4.4 to 5.2 mg/dL, since both hypocalcemia and hypercalcemia 
have signifi cant physiologic effects. Extracellular calcium is normally regulated in 
a narrow range by the combined actions of calcitonin and parathyroid hormone, 
which in turn regulates the activity of the vitamin D system, the main inducer of 
active calcium absorption in the intestine [ 90 ]. 

 Intestinal absorption of calcium primarily occurs in the duodenum and proximal 
jejunum. Calcium absorption occurs by two mechanisms: (1) an unregulated para-
cellular route, which largely depends on dietary intake and luminal calcium concen-
tration and (2) an active intracellular route via calcium channels, the transcription of 
which is dependent on vitamin-1,25OH D (1,25-OHD). In addition, calcium is 
secreted in the distal small bowel (distal jejunum and ileum) as well as in the colon 
by unclear mechanisms. Intestinal calcium losses are likely aggravated by diarrhea 
and malabsorption, although the extent has not been well studied [ 90 ]. 

 Surprisingly little is known about the extent to which active small bowel infl am-
mation can directly affect calcium absorption and impact risk for osteoporosis. This 
is diffi cult to study, given that calcium absorption is interdependent on vitamin D, a 
micronutrient which is insuffi cient in a large proportion of IBD patients, as dis-
cussed elsewhere. Further, calcium malabsorption is known to be exacerbated by 
magnesium defi ciency (can occur with diarrhea) and glucocorticoids, which causes 
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decreased absorption of calcium from both the intestine and kidney. In addition to 
malabsorption, several studies have demonstrated that as many as 80–86 % of IBD 
patients have inadequate daily dietary calcium intake [ 5 ,  15 ]. This is not surprising, 
since avoidance of milk and other dairy products is quite common in IBD patients, 
due to rates of concomitant lactose intolerance of 70–90 % [ 90 ]. 

 Adequate calcium intake is recommended in most patients with IBD, at doses of 
1000–1500 mg/day (1000 mg for women age 25 until menopause and men <65 
years old; 1300 mg for women between 18 and 25 years; 1500 mg for post-
menopausal women, and men >65 years old). For patients unable to tolerate dairy 
products, dark green leafy vegetables such as kale, collards, turnip greens, and broc-
coli as well as almonds, sardines, and canned salmon are recommended. For IBD 
patients unable to meet dietary calcium goals, calcium supplements are widely 
available. 

 There have been relatively few studies evaluating the effi cacy of calcium alone 
or combined with vitamin D supplementation. However, from two observational 
cohorts, it did appear that calcium at doses of 1000 mg with nontreatment doses of 
vitamin  D      may have resulted in a slight improvement in BMD after 1 year, although 
no change in the incidence of fractures was seen [ 91 ]. In general, however, calcium 
supplementation alone is probably not suffi cient to prevent bone loss in IBD 
patients, especially those with signifi cant glucocorticoid exposure [ 92 ,  93 ], so 
bisphosphonate medications may be needed for clinically signifi cant bone loss.  

    Magnesium      

 Magnesium is the fourth most abundant cation in the body and plays a fundamental 
role in most cellular reactions, mainly as a cofactor in enzymatic reactions involving 
ATP. In addition, 50–60 % of the body’s magnesium is incorporated in the hydroxy-
apatite crystal of bone and may be important in bone cell activity. The effi ciency of 
absorption of magnesium ranges from 35 to 45 %, typically absorbed along the 
length of the small intestine, particularly in the jejunum. Once in circulation, 
approximately half the magnesium in plasma is free; approximately one-third is 
bound to albumin while the rest is complexed with citrate, phosphate, or other 
anions. Homeostasis of magnesium homeostasis is regulated by intestinal absorp-
tion and renal excretion [ 94 ]. 

 There have been several epidemiological studies suggesting that dietary magne-
sium and hypomagnesemia may be weakly associated with osteoporosis [ 94 ,  95 ]. 
The mechanisms for magnesium defi ciency on bone disease are not clear. In cell 
culture and animal models, magnesium has a mitogenic role on osteoblasts and 
defi ciency of this cation leads to a decrease in osteoblastic activity. Likely more 
important, however, is the infl uence that magnesium balance has on calcium homeo-
stasis. Magnesium defi ciency is known to induce hypocalcemia, via impaired 
 parathyroid gland function and inappropriately low PTH levels, which leads to 
lower intestinal calcium absorption [ 95 ]. Hypokalemia is also commonly observed 
in hypomagnesemic patients, occurring in 40–60 % of cases [ 96 ]. This is likely due 
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to underlying disorders that cause both magnesium and potassium loss, such as 
 diarrhea or malabsorption. 

 Magnesium defi ciency is a growing problem in the Western world, with 32 % of 
Americans failing to meet US recommended daily allowance (RDA) [ 97 ]. IBD 
patients appear to be at increased risk of magnesium defi ciency, with rates reported 
in 13–88 % of patients [ 98 ,  99 ]. Defi ciency is likely due to a combination of 
decreased dietary intake [ 9 ,  99 ], losses from chronic diarrhea and fi stula output 
[ 98 ], and malabsorption [ 98 ]. Clinical manifestation of magnesium defi ciency 
includes neuromuscular hyperexcitability such as tremor and weakness, cardiovas-
cular manifestations including widening of the QRS, and other mineral and hor-
mone imbalance hypocalcemia, hypokalemia, and hypoparathyroidism. 

 Magnesium status is generally assessed by random serum magnesium levels, 
although these levels do not accurately refl ect total body stores of magnesium as 
they may remain constant despite a wide range of intake levels. Leukocyte magne-
sium content is a much more sensitive test of nutritional status. Alternatively, 24-h 
urinary  magnesium      is quite accurate in determining total body stores, though bur-
densome for patients to complete. Magnesium screening and supplementation 
should be considered in all patients with signifi cant diarrhea (>300 g/day), while 
diarrheal symptoms are active [ 97 ]. 

 For patient with minimal food restriction, good dietary sources include seeds, 
nuts, legumes, and milled cereal grains, as well as dark green vegetables. For IBD 
patient requiring supplementation, most oral magnesium formulations can exacer-
bate diarrhea, although magnesium heptogluconate (Magnesium-Rougier) or 
 magnesium pyroglutamate (Mag 2) may be better tolerated, especially if mixed 
with oral rehydration solution and sipped throughout the day oral magnesium 
(Magnesium-Rougier) or magnesium pyroglutamate (Mag 2) may be better toler-
ated, especially if mixed with oral rehydration solution and sipped throughout the 
day. The total dose of elemental magnesium required to ensure normal serum mag-
nesium varies between 5 and 20 mmol/day [ 100 ].  

    Iron      

 Iron defi ciency is the leading cause of anemia in the IBD population, present in 
36–90 % of patients [ 101 ,  102 ]. The clinical signifi cance, diagnosis, and treatment 
of iron defi ciency in IBD cohorts are discussed elsewhere in a separate chapter.   

    Trace Elements 

    Zinc      

 Zinc is an abundant trace mineral widely distributed in different organs, with high 
concentrations in the kidney, liver, muscle, bone, pancreas, hair, and skin. Zinc is an 
essential mineral, required for catalytic activity of ≈100 enzymes, including 
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metalloproteinases, and is also important in immune function, protein and collagen 
synthesis, and wound healing. Zinc is absorbed along the length of the small intes-
tine by a poorly characterized transport mechanism [ 103 ]. Typically, good dietary 
sources of zinc can be found in meats, poultry, and milk. In addition, since many 
breads and cereal-based products are currently fortifi ed with zinc, zinc defi ciency is 
not common in the general population. 

 Zinc defi ciency is thought to be relatively common in patients with chronic 
 diarrhea, malabsorption, and hypermetabolic states. In IBD patients, a number of 
studies have reported low plasma zinc levels in IBD patients [ 5 ,  15 ]. These results 
are diffi cult to interpret, given that very little zinc is present in the serum, so this is 
likely a poor measure of zinc status. There have been several historical studies 
reporting that clinical symptoms of zinc defi ciency (acrodermatitis, poor taste 
acuity) were not uncommon especially in CD [ 2 ], although more recent assess-
ments of the incidence of subclinical zinc defi ciency among IBD cohorts are not 
well characterized. Clinicians should also observe for other signs of possible zinc 
defi ciency—including mild anemia, hair and skin changes, hypogeusia, and poor 
wound healing [ 103 ]. 

 The current RDA recommendation for zinc intake is 11 mg/day for men and 
8 mg/day for women. It has been suggested that for patients with signifi cant diar-
rhea (>300 g of stool/day), additional zinc supplementation is reasonable with 
25–50 mg of elemental zinc [ 103 ]. Unless patients have severe ongoing diarrhea, 
such doses should not be given for longer than 2–3 weeks as excess zinc can inter-
fere with iron and copper absorption and can lead to defi ciency of these important 
minerals. 

 To enhance wound healing, zinc  supplementation      of 40 mg of elemental zinc 
(176 mg zinc sulfate) for 10 days has been suggested [ 23 ,  103 ]. Zinc comes in two 
major forms: zinc sulfate (contains 23 % elemental zinc, so that 220 mg zinc sulfate 
contains 50 mg elemental zinc) and zinc gluconate (contains 14.3 % elemental zinc; 
10 mg zinc gluconate contains 1.43 mg elemental zinc). One must also be careful to 
monitor calcium and folic acid consumption with zinc, since high intake calcium or 
folic acid can reduce zinc absorption. Conversely, high doses of zinc can impair 
absorption of iron from ferrous sulfate if a patient is also concomitantly being 
treated for iron defi ciency anemia.  

    Selenium      

 Selenium is a necessary component of vital enzymes with antioxidant function, 
including glutathione peroxidase and thioredoxin reductase. In animal models, sele-
nium has been associated with reduced risk of cancer, including colorectal cancer 
[ 104 ,  105 ], although human epidemiological data are mixed [ 106 ]. 

 A narrow dietary intake range exists for selenium; current RDA is 55 μg/day for 
both men and women. Seafoods and organ meats are the richest food sources of 
selenium. Other sources include muscle meats, cereals and other grains, and dairy 
products. With prolonged low intake of selenium, symptoms associated with 
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 defi ciency can manifest in form of joint pain in mild disease, and cardiomyopathy 
when severe. Minimal dietary intake of approximately 40 μg of selenium per day 
seems to be necessary to maintain glutathione peroxidase (GSH-Px), an enzyme 
containing selenium [ 105 ]. 

 Absorption of selenium is poorly understood, but is believed to occur most avidly 
in the ileum, followed by the jejunum and large intestine. There have been fi ve stud-
ies to date, in which selenium levels were found to be signifi cantly lower in both UC 
and CD patients, compared with controls [ 25 – 27 ]. This observation was seen irre-
spective of disease activity and/or location. The exact prevalence of true selenium 
defi ciency was not obtainable from these studies, as most only reported mean 
 selenium levels, which can vary widely without accurately refl ecting true body sele-
nium storage. 

 More recently, it has been suggested that  selenium      status may be better assessed 
by measuring selenium or GSH-Px in serum, platelets, and erythrocytes and/or in 
whole blood. Erythrocyte selenium measurement is an indicator of long-term intake. 
Since no studies have yet to assess these new biomarkers, currently there is no evi-
dence to support checking for or repleting selenium defi ciency in IBD patients. The 
exception to this is in patients on long-term total parenteral nutrition (TPN). Selenium 
is now routinely added to TPN, often in premixed commercial trace  element concen-
trates (often also including zinc, copper, manganese, and chromium). Updated guide-
lines from the American Society of Parenteral or Enteral Nutrition (A.S.P.E.N.) 
recommend that 20–60 μg daily be supplemented in TPN.  

    Copper      

 Copper is a trace element that has diverse roles in biological electron transport and 
oxygen transportation. Because of large stores of copper in the liver, muscle, and 
bone, defi ciency is relatively rare. Copper absorption is tightly controlled, with 
absorption occurring in the small intestine. Entry at the mucosal surface is by facili-
tated diffusion, and exit across the basolateral membrane is primarily by active 
transport [ 26 ]. 

 There have been several small studies that have addressed copper status in IBD 
patients, with equivocal results. While a recent study of CD patients in remission 
reported that serum copper was found to be low in up to 84 % of patients [ 5 ], two 
other studies have failed to show this. In several studies of UC patients, serum cop-
per was found to be similar to controls in one study, and elevated in UC patients in 
two studies [ 27 ]. However, one must be careful in interpreting these results. Since 
copper does not exist as a free ion in the body, 90 % of the  copper in serum is incor-
porated into ceruloplasmin, a functional enzyme at the erythrocyte- forming cells of 
the bone marrow. The remaining 10 % of copper is bound loosely to albumin. This 
highlights the limitation of serum copper and  ceruloplasmin in determining body 
copper stores, as both may also be acute phase reactants. Serum copper may also be 
falsely decreased with certain renal diseases, with prolonged infl ammation, and due 
to increased iron or zinc intake [ 106 ]. 
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 An RDA of 900 μg/day of copper is recommended for adults of both genders. 
Copper is widely available in animal products, including organ and muscle meats, 
chocolate, nuts, and cereal grains. Fruits and vegetables contain little copper.  Currently     , 
there are no recommended screening or supplementation guidelines for copper, other 
than in TPN. Guidelines from A.S.P.E.N. recommend that 0.3–0.5 mg daily be supple-
mented in TPN. Copper is normally excreted in bile, so lower doses should be utilized 
in patients with cholestasis (i.e., PSC with elevated bilirubin).  

    Chromium      

 Chromium is a trace mineral with function including potentiation of insulin action 
and regulation of lipid and protein metabolism. Chromium potentiates insulin 
action and infl uences carbohydrate, lipid, and protein metabolism. Chromium can 
exist in several valency states, with trivalent chromium being the only biologically 
active form and an important regulator of insulin action. As with other minerals, 
organic and inorganic forms of chromium are absorbed differently. Less than 2 % of 
the trivalent chromium consumed is absorbed [ 11 ]. In animal studies, chromium 
absorption was shown to be increased by oxalate intake and is higher in iron- 
defi cient animals than in animals with adequate iron, suggesting that it shares some 
similarities with the iron absorption pathway. 

 Chromium defi ciency is rare and has been reported mainly in patients on long- 
term TPN who presented with glucose intolerance and neuropathy, both of which 
were reversed with addition of chromium to TPN. Currently, A.S.P.E.N. recom-
mends 10–15 g of chromium is added daily to TPN.  

    Manganese      

 Manganese is an essential trace element required as a catalytic cofactor for multiple 
enzymatic reactions. Manganese is absorbed throughout the small intestine, with 
iron competing for common binding sites for absorption. Good food sources include 
whole grains, legumes, nuts, and tea [ 11 ]. 

 There have been virtually no cases of clinically signifi cant manganese defi ciency 
reported in the literature, so assessing manganese status is not necessary for IBD 
patients. The only exception to this is in patients on long-term TPN, in which manga-
nese toxicity is an increasingly important problem. This is especially problematic in 
patients with chronic liver disease and/or cholestasis, as manganese is primarily 
excreted in bile. Manganese toxicity is associated with liver injury as well as neuro-
toxicity. The 2004 guidelines put forth by A.S.P.E.N.  recommended      lower doses of 
manganese (0.04–0.1 mg) than previous guidelines. However, there have been several 
studies demonstrating that even at these lower doses, whole-blood manganese levels 
was elevated in 82–93 % of long-term TPN patients. This may be due to the fact that 
most TPN formulas contain high levels of manganese contaminants and commercial 
trace element mixtures contain excessive manganese.    
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    Conclusions 

  IBD   has classically been associated with malnutrition and weight loss, although this 
has become less common with advances in treatment and greater proportions of 
patients attaining clinical remission. However, micronutrient defi ciencies are still 
relatively common, particularly in CD patients with active small bowel disease and/
or multiple resections. 

 Micronutrient defi ciencies are associated with several important extraintestinal 
complications of IBD.  Anemia   is the most common of these complications, and can 
be due to iron, vitamin B12, folate, zinc, or vitamin A defi ciencies. Abnormal bone 
metabolism, manifesting as osteopenia or osteoporosis, can be due to inadequate 
intake of calcium, vitamin D, magnesium, and possibly vitamin K and vitamin B12. 
IBD patients have an increased incidence of venous thromboembolism, which may 
be due at least partly to hyperhomocysteinemic states induced by folate, vitamin 
B12, or pyridoxine defi ciencies. 

 The goal of advancing nutritional therapy in IBD is to recognize and treat these 
complications earlier, so as to decrease morbidity and prevent long-term sequelae. 
Unfortunately, there are no guidelines about the timing and frequency we should be 
assessing micronutrient status in IBD patients. Clearly, in the presence of clinical 
 symptoms     , evaluating micronutrient status and treating defi ciencies is indicated 
(Tables  5.4  and  5.5 ).

   In certain high-risk populations, it may make sense to empirically supplement 
for a specifi c time period, as there is some evidence that doing so can improve out-
comes or prevent complications. 

 Some of the more common  situations   are listed below (Table  5.6 ):

   Table 5.5     Clinical manifestations and workup   of micronutrient defi ciency [ 9 ,  16 ,  106 ]   

 Clinical situation  Diagnostic testing 

 Anemia  Iron studies (ferritin with adjusted ranges for disease status, 
Transferrin, % transferrin saturation) 
 Folate status (RBC folate > serum folate, homocysteine) 
 B12 status (serum B12, methylmalonic acid) 
 Consider zinc and serum vitamin A (serum retinol and retinol 
binding protein) in patients with diarrhea and malabsorption 

 Osteopenia/osteoporosis  Vitamin D status (vitamin 25 = OH level) with goal > 30 
 Consider vitamin K status (serum uncarboxylated 
osteocalcin) Dietary evaluation of suffi cient calcium, 
magnesium, vit K intake 

 Thromboembolism  Homocysteine, RBC folate, serum B12 
 Neuropathy  B12 status (serum B12, methylmalonic acid, B6 status 

(Plasma Pyridoxal-5-phosphate [PLP] level)) 
 Dermatitis  Zinc status (dietary assessment, serum zinc); B6 status (PLP 

level) 

5 Other Micronutrient Defi ciencies in Infl ammatory Bowel Disease: From A to Zinc



96

   Finally, in lower-risk patients (mild disease, in remission), recommendations for 
nutritional screening is even less clear. However, based on the current literature it 
does appear that certain micronutrients may still be commonly defi cient in patients 
in  remission  , we generally recommend (Table  5.7 ).

   While nutrition is one of the most common concerns of patients with IBD, the 
literature remains inadequate with respect to clear guidelines for micronutrient 
monitoring and supplementation. The above recommendations are based on cur-
rently available data. These will likely change over time based on ongoing studies, 
but currently can serve as a useful tool for clinicians to apply in their practice.     
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