Chapter 11
Dietary Supplements in Celiac Disease

Michelle Maria Pietzak

Why Are There Nutritional Deficiencies in Patients
with Celiac Disease?

Celiac disease (CD) is more than just an “allergy” or “sensitivity” to wheat and
gluten. It is a lifelong, permanent intolerance to the gliadin fraction of wheat protein
and its related alcohol-soluble proteins (prolamins) found in rye and barley. In
patients with the genetic susceptibility to CD, ingesting these proteins leads to an
autoimmune enteropathy that will self-perpetuate as long as these foods remain in
the diet. The good news is that, unlike most autoimmune conditions, removal of the
environmental trigger (gluten) from the diet of a biopsy-proven celiac results in
complete symptomatic and histologic resolution of the disease in the majority of
patients [1, 2].

Differentiating CD from wheat allergy, gluten sensitivity, and other autoimmune
gastrointestinal (GI) diseases (such as Crohn’s disease) can be challenging.
Likewise, CD can present at any age with “classic” GI features, such as diarrhea and
weight loss, or outside the GI tract with anemia, rashes, infertility, osteoporosis,
joint pain, short stature, delayed puberty, and even malignancy. It is common that
patients experience chronic ill health and nutritional deficiencies prior to the correct
diagnosis being made. These patients commonly incur high healthcare costs because
of the multiple subspecialists and tests performed on them prior to the confirmation
of CD [3].

The duodenum and proximal small bowel play an important role in the digestion
and absorption of many key nutrients, such as carbohydrates, protein, lipids, and iron.
The bulk flow of water occurs primarily through the porous junctions of the proximal
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small intestinal epithelial cells. The distal part of the small bowel, the terminal ileum,
is preferentially responsible for the absorption of B, and bile acids. In a patient with
CD, depending upon the severity of intestinal damage, there may be varying amounts
of edema, atrophy, and loss of disaccharidases (in particular, lactase) within the vil-
lous structures. This can lead to malabsorption of the above nutrients, as well as
excessive osmotic load by undigested sugars, causing watery diarrhea.

The colon is an important salvage organ and is mainly responsible for the reab-
sorption of water. Also, indigestible fibers are broken down by enzymes in the
colonic bacteria, producing short-chain fatty acids (acetate, proprionate, and butyr-
ate), which are then efficiently absorbed by the colon. Some patients with CD will
also have a lymphocytic colitis if biopsies are taken during a colonoscopy. Patients
with CD-associated lymphocytic colitis may experience urgency and tenesmus in
addition to watery diarrhea.

Lifelong compliance with the gluten-free diet (GFD) is challenging, with fre-
quent temptations towards dietary transgressions, which will lead to further enter-
opathy and malabsorption. Adherence to the GFD is improved by patient education,
close supervision by an interested physician, and regular nutritional counseling by
aregistered dietician with expertise in CD [4]. Compliance can be improved, even
in adolescents, who are seen by a physician on a regular basis [5, 6]. One of the best
and least expensive markers for dietary compliance is assessment by a trained inter-
viewer (either a physician or dietician) due to the low cost, noninvasiveness, and a
strong correlation to intestinal damage [6]. Healthcare providers should encourage
the patient to join local chapters of national support organizations (see Appendix
1), which can aid in finding local resources such as supermarkets, food manufactur-
ers, literature, and restaurants that are familiar with the GFD [4]. It is important to
be familiar with the recommended dietary allowances of micronutrients of CD
patients who are at risk for deficiencies. Likewise, the practitioner caring for the
patient with CD should be able to recognize the signs of micronutrients deficiency,
be able to provide guidelines for corrective supplementation, and monitor safety of
therapy. We have provided the Food and Nutrition Board and the Institute of
Medicine’s Dietary Reference Intakes (DRI) for vitamins and elements in Appendix
10 and the DRI for Tolerable Upper Intake for vitamins and elements in Appendix 11
(http://www.iom.edu/About-IOM/Leadership-Staff/Boards/Food-and-Nutrition-
Board.aspx).

Anemia in CD: Iron, B,,, and Folic Acid Deficiencies

Background

A routine complete blood cell count may reveal many hematologic abnormalities in
an untreated patient with CD. Anemia, leukopenia, and thrombocytopenia have all
been reported. The anemia is usually microcytic and hypochromic, due to iron
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deficiency [7]. Iron is absorbed by villus enterocytes in the proximal duodenum [8].
A macrocytic anemia should warrant an investigation into deficiencies of B12
(cobalamin) and/or folic acid. A large study in a cohort of patients with newly diag-
nosed CD found anemia in 20 %, with iron deficiency in 33 % of men and 19 % of
women, folate deficiency in 12 % of the total, and B, deficiency in 5 % of the total
[9]. In addition to malabsorption, inflammation and poor dietary intake may explain
these deficiencies since the GFD in and of itself may be deficient in nutrients such
as folate. Since elevated ferritin and sedimentation rates were seen in some, these
authors hypothesized that inflammation may be responsible for this anemia of
chronic disease. In a 3-day GFD survey, only 44 % of the female respondents con-
sumed the daily recommended amounts of iron [10]. In addition, research done on
gluten-free cereals indicates that these products contain lower amounts of iron and
folic acid than their gluten-containing counterparts [11].

Symptoms

Common symptoms of anemia include pallor, fatigue, frontal headache, decreased
appetite, and shortness of breath on exertion. Iron deficiency, in particular, is associ-
ated with abdominal pain, disturbed sleep, sore red tongue, and brittle hair and nails.
Patients may demonstrate pica, which is a strong desire to eat nonfoods such as ice,
paint, dirt, and hair. Iron-deficiency anemia may also lead to problems with fertility
and maintenance of pregnancy. Profound B, deficiency may also manifest as mania,
impaired balance, depression, and peripheral neuropathy.

Diagnosis

A complete blood cell count with peripheral smear, mean corpuscular volume, and
other red cell indices is a routine screen for these anemias. The degree of iron defi-
ciency can be further delineated by serum iron, ferritin, percent saturation, and total
iron binding capacity. Since serum B, levels are not very sensitive for B, function,
a serum methylmalonic acid (MMA) level is recommended. Serum folic acid is eas-
ily measured in red blood cells.

Treatment

Dietary sources rich in iron include meats (beef, shrimp, turkey, and liver), seafood
(oysters, clams, and scallops), beans (lentils, chick peas, soybeans), dark green leafy
vegetables, and iron-fortified cereals. Iron supplements come in liquids, tablets, and
slow-release capsules. Dosages range from 1 to 5 mg/kg/day of iron for 3—6 months,
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depending upon the severity of the anemia. Foods rich in folic acid include green
leafy vegetables (spinach, lettuce, broccoli, asparagus), soybeans, salmon, bananas,
fortified cereals, and orange and tomato juice. Since folate is heat sensitive, it may
be inactivated in overcooked foods. Medications that may lower folic acid levels
include metformin, anti-inflammatory drugs (aspirin), and acid blockers (Pepcid,
Tagamet, Zantac). The typical dose of folate for megaloblastic anemia and malab-
sorption ranges from 250 to 1,000 pg per day. B, is found in high concentrations in
eggs, liver, beef, lamb, cheese, and seafood (clams, oysters, mussels, caviar, octo-
pus, crab, lobster, and bony fish). Supplementation of B, can be done via oral,
sublingual, intramuscular, intravenous, or nasal routes, depending upon the degree
of malabsorption. Doses range from 10 pg per day for prevention of anemia to
upwards of 1,000-2,000 pg in scheduled doses to treat severe anemia. Fortification
of folate to gluten-free dietary products should be strongly considered [12].

Deficiencies of the Fat-Soluble Vitamins (A, E, D, K) in CD

Background

The fat-soluble vitamins are solubilized into micelles in the intestinal lumen by bile
acids, which are then absorbed through the duodenal epithelium into the bloodstream
[13, 14]. Fat malabsorption may occur in CD due to intestinal damage, liver disease,
underlying pancreatic insufficiency, or drugs that bind to bile acids such as chole-
styramine [15]. The inability to properly digest and absorb fat can lead to deficien-
cies in vitamins A, E, D, and K, some of which have profound lifelong morbidities.
Requirements and recommended daily allowances for these and all vitamins and
minerals are dependent upon age, reproductive status, and underlying health condi-
tions and are provided in Appendix 10 and Appendix 11. The reader is also encour-
aged to refer to the intake recommendations for nutrients developed by the Food and
Nutrition Board at the Institute of Medicine of the National Academies (http://www.
iom.edu/About-IOM/Leadership-Staff/Boards/Food-and-Nutrition-Board.aspx) as
well as the NIH Office of Dietary Supplements (http://ods.od.nih.gov/).

Vitamin A (Retinol and Provitamin A Carotenoids)
Symptoms

Vitamin A is important for epithelial cell development in the eyes, heart, lungs, and
kidneys [16]. It also plays a role in the maintenance of the skin and mucous mem-
branes of the mouth, nose and sinuses, bone formation, reproduction, and collagen
synthesis and wound healing [17-19]. Deficiency often presents during periods of
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high nutritional demand, such as during pregnancy, lactation, infancy, and child-
hood. Vitamin A deficiency increases the risk of diarrhea; while chronic diarrhea
can also lead to excessive losses [13]. The most common symptoms are xerophthal-
mia and night blindness [20]. In fact, vitamin A deficiency is one of the leading
causes of blindness in children worldwide [21]. Vitamin A deficiency also increases
the severity and mortality risk of infections, especially with measles [13, 21]. Higher
intakes of carotenoids may be associated with lower risks of lung cancer, prostate
cancer, cataracts, and macular degeneration [22-24].

Diagnosis

Retinol and carotenoid levels can be measured in plasma; however, their value for
assessing marginal vitamin A status is limited, as they do not decline until hepatic
stores are almost depleted [25].

Treatment

Preformed vitamin A is found in animal sources, such as meat (especially liver),
dairy, and fish, as well as fruits, leafy green vegetables, orange and yellow vegeta-
bles, and tomato products [25]. In the USA, the top food sources of vitamin A are
dairy products, liver, fish, and fortified cereals, while the top sources of provitamin
A are carrots, broccoli, cantaloupe, and squash [22]. Dietary supplements are avail-
able as retinyl acetate or retinyl palmitate (preformed vitamin A), beta-carotene
(provitamin A), or a combination of the two. Caution must be used with preformed
vitamin A supplementation to avoid hypervitaminosis A, which has been associated
with pseudotumor cerebri, skin irritation, joint pain, fractures, coma, and even death
[13, 16, 26]. Fortification of GF foods with vitamin A should be considered [12].

Vitamin E (Alpha-Tocopherol)
Symptoms

Vitamin E is an antioxidant that protects cells from the damaging effects of free
radicals. It also plays a role in immune function and the inhibition of platelet aggre-
gation [22, 27]. Deficiency symptoms include peripheral neuropathy, ataxia, skele-
tal myopathy, retinopathy, and impairment of the immune response [22, 28]. Vitamin
E is being studied for the prevention of coronary heart disease, cataracts, age-related
macular degeneration, Alzheimer’s disease, and prostate, bladder, and colon can-
cers [22, 24, 29-33].
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Diagnosis

Alpha-tocopherol and beta-gamma-tocopherol are easily measured in serum. Early
manifestations of vitamin E deficiency include hyporeflexia, ataxia, limitations in
upward/outward gaze, and deficits in proprioception and vibratory sense. Late
symptoms of continued deficiency include severe ataxia, diffuse muscle weakness,
nystagmus, dysphagia, dysarthria, blindness, and dementia [34].

Treatment

The vitamin may be administered via oral, intramuscular, or parenteral routes.
Overdose, though rare, is associated with decreased platelet aggregation and possi-
ble increased risk for hemorrhagic stroke [35]. In the USA, most vitamin E in the
diet is in the form of gamma-tocopherol from vegetable oils (soybean, canola, corn),
although small amounts of alpha-tocopherol are found in nuts, tomato, kiwi, mango,
spinach, and broccoli [36].

Vitamin D
Symptoms

There is a long list of potential benefits with vitamin D, including improved bone
health and resistance to infections, cancer, and cardiovascular diseases. In children,
the classic diseases associated with deficiency are rickets and osteomalacia. Adults
may also manifest with bone pain, muscle weakness, dental disease, limited joint
mobility, osteopenia, and osteoporosis [37, 38]. Ongoing research is exploring the
impact of vitamin D on diabetes, multiple sclerosis, hypertension, and rheumatoid
arthritis [39-44].

Diagnosis

The best test to determine vitamin D status is serum 25-hydroxy vitamin D. Levels
less than <20 ng/mL (<50 mmol/L) are consistent with vitamin D deficiency, while
levels of 21-29 ng/mL (52.5-72.5 mmol/L) are considered consistent with vitamin
D insufficiency [45]. Serum parathyroid hormone levels are often elevated, indicat-
ing secondary hyperparathyroidism. Skeletal radiographs and bone density mea-
surements may reveal rickets, osteopenia, or osteoporosis (see subsequent section
“Issues in Bone Health in CD”).
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Treatment

There are a limited number of foods that naturally contain vitamin D. Some of the
best sources are fish liver oil and bony fish (salmon, tuna, mackerel, herring, sar-
dines) [37]. Small amounts are found in cheese, egg yolk, mushrooms, and beef
liver. The majority of vitamin D in the U.S. diet comes from fortified foods. These
include milk as well as some breakfast cereals, orange juice, yogurt, and margarine.
Of note, products made from milk, such as cheese and ice cream, are not generally
fortified in the United States [46]. Vitamin D supplements, which are readily avail-
able over the counter, can vary widely in their potencies [47], and thus caution
should be used to avoid overdose. Excessive vitamin D intake can be associated
with anorexia, arrhythmias and calcifications in the renal and cardiovascular sys-
tems [37]. Vitamin D is also made by the body as a result of exposure to the sun.

Vitamin K
Symptoms

This vitamin is absorbed mainly in the terminal ileum and is important for the syn-
thesis of vitamin K—dependent clotting factors, which are made in the liver [48]. It
is also important for the formation of the bone matrix. There are three types: phyl-
loquinone from plants, menaquinone from bacteria in the GI tract, and menadione,
which is synthetic and water soluble. Deficient patients have increased risk for
spontaneous bruising and bleeding as well as osteoporosis [49, 50].

Diagnosis

A significant amount of this vitamin in the human body is synthesized by bacteria
in the colon; therefore, overuse of broad-spectrum antibiotics can lead to deficiency.
Prothrombin time (PT) and prothrombin antigen assay readily detect deficiencies of
factor VII, a vitamin K-dependent factor with a very short half-life of only 30 min.
Although plasma vitamin K can be measured, checking a PT is less expensive and
more readily available.

Treatment

The vitamin K deficiency found in malabsortive GI disorders such as CD is easily
treated and monitored by the correction of the PT [51]. Oral VK-3, a menadione,



144 M.M. Pietzak

is a synthetic, water-soluble form used to treat deficiency associated with GI
malabsorption. IV or IM preparations can be administered for more severe cases.
However, the IV form must be given very slowly as it can be associated with hyper-
sensitivity, anaphylaxis, shock, and cardiopulmonary arrest. This nutrient can be
found in green leafy vegetables and vegetable oils (soybean, cottonseed, olive,
canola) [52].

Malabsorption of Minerals and Trace Metals in CD: Zinc,
Selenium, Copper, Calcium, and Magnesium

High percentages of magnesium, calcium, and phosphorous deficiencies have been
reported in both adolescents and adults with CD [10, 53].

Zinc
Background

This trace element is absorbed throughout the small intestine by a number of trans-
porters and binding proteins located in the villus epithelial cells [54]. As zinc is
important for DNA synthesis, it plays a role in wound healing and maintenance of
the intestinal mucosa. It is a coenzyme for over 100 enzymes, some of which are
involved with the immune system, linear growth, hemoglobin synthesis, male fertil-
ity, and taste and smell. Deficiency of zinc has been reported in newly diagnosed
and severely malnourished adults and children with CD [55, 56]. GF breads may not
be routinely fortified with zinc.

Symptoms

Patients may complain of anorexia, fatigue, depression, diarrhea, and compromised
taste and smell discrimination. Physical exam may reveal hypothyroidism, short
stature, white spots in the nail beds, and various skin rashes (psoriasis and eczema).
As zinc is stored intracellularly, including in enterocytes, excessive amounts can be
lost through diarrhea.

Diagnosis
Serum levels of zinc, red blood cells, and alkaline phosphatase can all be used as

indices for zinc status [57]. Fractional absorption of oral or IV zinc isotopes can be
used as a research tool for measuring gut integrity [58].
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Treatment

Food products containing zinc include meats, fish, shellfish (especially oysters), and
nuts, beans, and seeds. The supplement is readily available over the counter as either
separate pills or in multivitamins. Zinc absorption is increased by red wine and
decreased by copper, iron, calcium, folic acid, and phytates from plants (corn, rice) [59].
Toxicity with zinc has been associated with nausea, and emesis is rare if more than
100 mg a day are ingested. Given the competition of cooper and zinc for binding
sites in the gut lining, zinc excess can cause copper deficiency.

Selenium

Background

Selenium is absorbed in the proximal small bowel. Severe GI malabsorptive disorders,
such as CD, may result in its depletion or deficiency [60]. This nutrient is important
for the function of muscle, the immune system, and thyroid hormone.

Symptoms

Although rare in the USA, three specific conditions have been reported with severe
selenium deficiency: Keshan disease (enlarged heart with poor function in children),
Kashin—-Beck disease (osteoarthropathy), and myxedematous endemic cretinism
(hypothyroidism with mental retardation) [61].

Diagnosis

CD patients deficient in selenium may complain of generalized fatigue and muscle
weakness. Physical exam and labwork may reveal low serum selenium levels,
hypertension, cardiomyopathy, elevated transaminases, autoimmune thyroid dis-
ease, and perhaps even psychiatric manifestations (schizophrenia) [62, 63].

Treatment

Selenium is found in high amounts in nuts (Brazil nuts), beans, organ meats (kid-
ney, liver), fish, shellfish, and mushrooms. GFD sources include products made
from corn and rice flour where the grains were grown in selenium-rich soil [64].
As opposed to zinc, selenium toxicity (selenosis) is relatively easy to develop,
with symptoms including diarrhea, fatigue, nerve damage, and brittle hair and
nails [65, 66].
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Copper

Background

Copper deficiency can be seen in severe malabsorption states, but it is uncommonly
screened for in CD. One report describes five CD patients with neurologic complaints,
three of which also had hematological abnormalities due to copper deficiency [67].

Symptoms

The most common complaints of copper deficiency are neurologic and include
ataxia and sensory loss in the limbs which could be confusing in the CD patient who
may present with diverse neurological sequale [68]. Hypochromic anemia (despite
iron sufficiency), neutropenia, and thrombocytopenia may present as fatigue,
increased infections, and easy bruising and bleeding. Other findings include bone
and joint issues, osteoporosis, and changes in skin color [67].

Diagnosis

Serum copper and ceruloplasmin (the major copper carrying protein) can be used to
measure levels. A CBC with differential may show the above hematologic
abnormalities.

Treatment

Dietary copper comes from liver, shellfish, legumes, chocolate, nuts, and sun-dried
tomatoes. Oral copper sulfate is usually adequate to correct mild deficiencies seen
in malabsorption. Parenteral copper histidine can be given subcutaneously for
severe deficiency. Most copper in the blood is bound to proteins. Free copper is
toxic, and overdose results in nausea, vomiting, diarrhea, and even fatal kidney and
liver disease. Absorption is decreased by taking zinc and calcium. A hidden source
of zinc is denture creams which are frequently ingested by consumers in significant
and toxic quantities enough to cause serious sequale [69].

Calcium

Background

Calcium deficiency is common in untreated CD, as its ionized form is actively trans-
ported through the duodenum. Comorbid vitamin D deficiency, as described prior, also
decreases calcium absorption. A 3-day diet history showed that less than one-third of
females with CD consumed the daily-recommended amounts of calcium [10].
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Symptoms

Oral paresthesias are often the earliest symptom of hypocalcemia. Acutely low levels
of serum calcium are associated with muscle cramps and mental status changes (anx-
iety and insomnia). Severe hypocalcemia can be life threatening, and is associated
with bone pain, convulsions, arrhythmias, tetany, and numbness of the extremities.

Diagnosis

Measurements of total serum calcium, ionized calcium, albumin, magnesium, phos-
phorus, PTH, and vitamin D can be revealing for the etiology of hypocalcemia. On
physical exam, hyperactive tendon reflexes, Trousseau sign (carpal spasm with
inflation of the blood pressure cuff), and Chvostek’s sign (facial spasms with tap-
ping the cheek) may be elicited. Other physical findings can include petechiae, pur-
pura, and hand tetany. EKG may reveal intermittent prolongation of the QTc, which
puts the patient at risk for torsades de pointes, a specific type of ventricular fibrilla-
tion. Skeletal radiographs and bone density measurements may reveal rickets,
osteopenia, or osteoporosis (see subsequent section “Issues in Bone Health in CD”).

Treatment

Calcium-rich foods include dairy products (milk, yogurt, cheese, ice cream), dark-
green leafy vegetables (broccoli, spinach, bok choy), boney fish (salmon, sardines),
firm tofu, and those which are fortified (orange juice, soymilk, some juices). Vitamin
D helps with the absorption of calcium. Intestinal absorption of calcium is interfered
by the ingestion of soda, proton pump inhibitors, and diets high in fiber, phytic acid
(whole grains), and oxalic acid (green vegetables, berries, nuts, grains, and seeds)
[70-73]. Oral calcium citrate and calcium carbonate are available and are dosed by
sex, age, and severity of deficiency, along with vitamin D supplementation. For
severe, life-threatening, acute hypocalcemia, IV calcium gluconate and calcium
chloride can be used. Excessive calcium ingestion can interfere with the absorption
of iron, magnesium, and manganese. Hypercalcemia leads to nausea, vomiting, con-
stipation, delirium, kidney stones, and excessive calcification of the soft tissues [74].

Magnesium

Background

Hypomagnesima occurs commonly in CD due to both malabsorption and inade-
quate dietary intake from the GFD, which is naturally low in this mineral. Most
magnesium is absorbed, along with fat, in the jejunum. Multiple studies have shown
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inadequate dietary intake of magnesium in both newly diagnosed CD patients and
those who have been on the GFD for years [12, 75, 76].

Symptoms

Magnesium is important in all nerve conduction and muscle contraction, including
those in the heart and GI tract. Patients may complain of vague symptoms, includ-
ing anorexia, fatigue, vomiting, constipation, insomnia, anxiety, and depression.
Chronic deficiency contributes to hypertension, osteoporosis, impaired PTH secretion
(leading to hypocalcemia), hypertension, and myocardial ischemia and dysrhyth-
mias [77, 78].

Diagnosis

Serum magnesium, calcium, PTH, and fat-soluble vitamins may be measured con-
comitantly. In research studies, magnesium status has been examined by intrave-
nous Mg loading test, serum and erythrocyte magnesium concentrations, and
urinary excretion [75]. Bone density measurements may reveal osteoporosis (see
subsequent section “Issues in Bone Health in CD”).

Treatment

Foods that naturally contain magnesium include seafood, nuts, and beans. Patients
with CD should embrace GF dietary sources such as buckwheat, quinoa, amaranth,
and flours made from soy, corn, and brown rice. Oral supplements are available as
liquid, powder, and capsules and are dosed based upon sex and age. A parenteral
form can be used for severe deficiency. Hypermagnesemia can occur with supple-
ments, with symptoms such as diarrhea and lethargy. Drugs that inhibit magnesium
absorption include proton pump inhibitors, some antibiotics, diuretics, warfarin,
steroids, cyclosporin, and oral contraceptives. Fortification of GF foods with mag-
nesium should be considered [12, 79, 80].

Fiber

Background

Patients on the GFD often go “fiber-free” when they eat “gluten-free.” One study
reported that less than half of the females surveyed during a 3-day GFD history
consumed the daily-recommended amounts of fiber [10]. In addition, the dietary
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fiber content of GF cereals do not compare favorably to gluten-containing flours,
breads, and pastas made from whole wheat sources [11].

Symptoms

CD patients who do not get enough fiber in their diet will often complain of consti-
pation, nausea, fatigue, and irritable bowel syndrome-like symptoms. Since fiber
contributes to satiety, and non-fiber carbohydrates are more easily absorbed and
digested, weight gain may also be an issue. Studies show that a diet high in whole
grains is preventative for diabetes, hypertension, cancer, and hypercholesterolemia.

Diagnosis

Patients may appear bloated and distended, as well as have hemorrhoids, due to
constipation. A flat plate X-ray of the abdomen may reveal obstipation.

Treatment

It is recommended that adults consume at least 25 g of fiber per day. The two most
commonly prescribed fiber supplements include psyllium and inulin/fructo-
oligosaccharide containing compounds (prebiotics). Other sources include cellu-
lose, dextrins, guar gum, and acacia fibers. Gluten-free dietary sources of fiber
should be strongly encouraged as part of the GFD. Fruits, vegetables, and legumes
are excellent sources of fiber. Gluten-free sources include enriched, fortified, whole
grain gluten-free cereals and breads and pastas made from brown rice, bean flour,
corn, millet, nuts, quinoa, buckwheat, teff, tapioca, amaranth, flax, soybean, and
sorghum [11]. Unfortunately, products made from these inherently gluten-free
grains, seeds, and flours can become contaminated with wheat, barley, or rye any-
where from the field to the packaging plant, making them unsafe for those on a GFD
[81]. Improvements in gluten-free labeling, as per the “Food Allergen Labeling and
Consumer Protection Act of 2004 (Title II of Public Law 108-282)” will hopefully
address these issues with contamination [82].

It remains controversial whether or not oats should be eliminated from the GFD.
The prolamin of oats, avenin, only accounts for 5-15 % of the total seed protein.
This is in marked contrast to gliadin, which comprises about 50 % of the wheat
protein [83]. Since avenin does not elicit the same immune response as gliadin, it is
thought by some to be safe for patients with CD to ingest. Children with newly
diagnosed CD in a U.S. study were provided oats as part of the GFD and demon-
strated symptomatic and histologic resolution of the disease comparable to those
who were denied oats [84]. However, since oats are often crop rotated, harvested,
and milled with wheat, the risk for contamination with wheat gluten is potentially
somewhat greater than with other grains such as quinoa.
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Are Probiotics Useful in CD?

Background

The intestinal barrier plays an important role in various inflammatory diseases of
the GI tract, including CD. Alterations in the intestinal microbiota that are normally
involved in gut-associated lymphoid tissue (GALT) homeostasis may also play a
role in CD [85]. Probiotics have shown benefit in a number of disorders such as
ulcerative colitis, antibiotic-associated diarrhea, Clostridium difficle colitis, infec-
tious diarrheas, and the irritable bowel syndrome (IBS), but not specifically in CD
in humans to date. Basic science studies show that specific probiotics may have
preservative effects on the intestinal epithelial barrier in regard to increasing mucus,
defensins, and tight junction protein expression, and an inhibition of epithelial
apoptosis, proinflammatory cytokines, and pathogenic bacterial adhesion [86].

A combination of bacterial probiotic supplement, VSL#3, has shown ability to
decrease the toxicity of wheat flour by completely hydrolyzing the alpha2-gliadin-
derived epitopes 62—75 and 33-mer in vitro [87]. The probiotic yeast Saccharomyces
boulardii has been shown to hydrolyze the 28-kDa-gliadin fraction and improve
enteropathy and inflammation in gluten sensitive mice [88].Oral administration of
probiotic bacteria Lactobacillus casei induced a complete recovery of villus blunt-
ing and improved GALT homeostasis in a mouse model of gliadin-induced enter-
opathy [85]. As reviewed in Chap. 7, dysbiosis may be a key etiologic factor in the
pathobiology of CD.

Symptoms

Symptoms of IBS and dysbiosis such as small intestine bacterial overgrowth (SIBO)
commonly include gassiness, bloating, diarrhea, and abdominal distension.

Diagnosis

SIBO can be measured by breath hydrogen testing or via culture of jejunal aspirates
obtained during endoscopy.

Treatment

Probiotics can be ingested via foods and supplements. Fermented products contain-
ing live active cultures, such as yogurts with Bifidobacteria and Lactobacillus strains,
can alleviate IBS symptoms. Oral probiotic bacterial and yeast supplements in
sachets, liquids, and capsule form are commonly available that promote “GI health.”
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Issues for Bone Health in CD

Background

Low bone density is a common morbidity in CD, and it can lead to vertebral fractures,
kyphosis, hip fractures, and Colles fracture of the lower radius. One review
summarized the published literature to state that, at diagnosis, approximately one-
third of adult CD patients have osteoporosis, one-third have osteopenia, and
one-third have normal bone mineral density [89]. Although osteopenia can begin in
early childhood, prompt initiation of the GFD can halt progression, and may even
reverse bone loss and low height velocity in pediatric patients [90-92]. Severe
osteoporosis, however, from CD diagnosed late in life will not improve on the GFD
and puts the patient at increased risk of fracture over the general population [93].
The prevalence of CD among osteoporotic individuals has been reported as high as
17-fold higher than among nonosteoporotic individuals, justifying a recommenda-
tion to screen all those with low bone density for CD [94].

Diagnosis

Bone density should be measured in newly diagnosed CD, as numerous studies have
documented low bone density in both children and adults at the time of initial diag-
nosis. Plain bone radiographs may reveal osteopenia, but this is not a sensitive mea-
sure of bone density. Bone mineral density can be measured via dual-energy X-ray
absorptiometry (DXA, previously DEXA) or quantitative CT (QCT) of the spine
and femur. Abnormal scans should be repeated 1-2 years after initiation of the
GFD. Serum measurements of calcium, phosphorus, albumin, copper, and vitamins
A, D, and K (as outlined prior) and 24 h urine calcium can reveal specific nutrient
deficiencies [89]. Parathyroid hormone (PTH) may be high due to hypocalcemia
(secondary hyperparathyroidism) [95]. Serum alkaline phosphatase may be elevated
due to a high bone fraction.

Treatment

The most important treatment for CD-associated bone disease in both pediatrics and
adults is the GFD [96]. The GFD can improve bone mineral health even in post-
menopausal women and those with incomplete mucosal recovery [97]. Oral cal-
cium, magnesium, and vitamin D supplements may be prescribed. Impact sports and
weight-bearing exercises can also improve bone density. Moderation of alcohol and
caffeine, and cessation of smoking, also improves bone health. Supplemental antire-
sorptives, which prevent excessive bone remodeling (bisphosphonates, estrogen
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replacement, selective estrogen receptor modulators [raloxifene], and denosumab
(ahuman antibody that inactivates RANKL)), may be required in those at high fracture
risk despite the GFD such as postmenopausal women and older men [89, 98].

Special Issues for Women: Pregnancy and Fertility

CD is diagnosed at a higher rate in women than in men [99]; however, a large sero-
logic screening in the USA showed that the prevalence rates in both sexes are the
same [100].

Background

Women with CD have been reported older at menarche, younger at menopause,
having a lower mean number of children, and having more spontaneous miscar-
riages [101]. GFD in CD women reduced the relative risk of abortion ninefold,
reduced the number of low birth weight babies from 29 % to zero (p<0.05), and
increased duration of breast-feeding twofold [102].

Symptoms

Failure to follow a GFD during pregnancy can have effects on the fetus, including
increased risk for spina bifida and other neural tube defects due to poor folic acid
absorption [103]. The fatigue associated with iron-deficiency anemia can make
pregnancy and newborn care more difficult. Depression in CD can interfere with
maternal-child bonding. Duration of breast-feeding has been reported to be three
times shorter in untreated mothers with CD [102]. Low levels of maternal plasma
zinc are associated with toxemia, vaginitis, prolonged labor, and a history of previ-
ous stillbirth [57].

Diagnosis

Serology for CD should be performed in idiopathic infertility cases, as initiation
of a GFD during pregnancy can decrease the risk of spontaneous abortions and
low birth weight infants [102, 104]. Levels of the above vitamins and nutrients,
especially iron, folate and zinc, should be measured in the pregnant women with
CD [99, 102].
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Treatment

Women with known CD should follow a strict GFD during pregnancy and ensure
that iron, folic acid, zinc, calcium, B and D vitamins, and gluten-free sources of
fiber are included in the diet (or supplemented) in addition to routine prenatal vita-
mins. Supplementing magnesium and calcium may decrease the risk of preeclamp-
sia (high blood pressure, proteinuria, edema) [105]. In the GFD, the major source of
dietary folic acid is lost because fortified commercial cereals, breads, and pasta
products are excluded. Without supplementation during the child-bearing years,
women with CD might not receive enough dietary folate to maintain protective
levels against neural tube defects [106]. Fortification of gluten-free foods with
folate should be considered.

Nutritional Issues in Refractory Celiac Disease

Background

A minority of CD patients will continue to have GI symptoms and biopsy-proven
enteropathy, despite vigorous adherence to the GFD.

Symptoms

Patients with refractory celiac disease (RCD) have profound diarrhea and malab-
sorption, exhibiting many of the nutritional deficiencies described prior in this
chapter.

Diagnosis

Non-adherence to the GFD accounts for the majority of patients who are not bet-
ter on the GFD. In those unresponsive to the GFD, a thorough dietary history
should exclude inadvertent gluten ingestion; compliance should be assessed with
serum antibodies; workup including endoscopic evaluation should be performed
to exclude other causes of continued symptoms despite strict compliance with a
GFD [2, 107].
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Treatment

In addition to the GFD, these patients often require immunosuppression with steroids,
azathioprine, cyclosporine, and methotrexate [107—112]. Oral or parenteral supple-
mentation with iron, copper, magnesium, folic acid, zinc, and albumin has been
used with some benefit. With proven osteopenia (and steroid use), vitamin D, cal-
cium, and biphosphonates have been utilized [113, 114]. A 4-week elemental
(amino acid-based) diet has been shown in one study to reduce inflammatory cyto-
kines and improve clinical symptoms, histology, and serum albumin in RCD [115].
If malabsorption and weight loss are severe, total parenteral nutrition may be
required [107].
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