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eliac disease is the only autoimmune condition for
hich we know the environmental trigger: gluten. Com-
lete removal of gluten from the diet in a patient with
eliac disease should result in symptomatic, serologic,
nd histologic remission. However, compliance with the
luten-free diet, especially in the United States, is ex-
remely challenging. Compliance can be measured both
oninvasively, by dietary history and measurement of
erum antibodies, and invasively, by using endoscopic
nd histologic criteria. The advantages and disadvan-
ages of these various modalities are discussed. The
ighest rates of compliance are reported in patients who
re diagnosed as young children, whereas adolescents
nd those diagnosed via mass serologic screening have
he most transgressions. Barriers to compliance include
he poor palatability of gluten-free foods, confusing
ood-labeling practices, and common comorbid psycho-
ogic burdens such as anxiety and depression. Because
eliac disease is a multisystemic disorder, physicians
eed to be aware of the potential autoimmune, nutri-
ional, and malignant complications. An algorithm for
he follow-up and management of the newly diagnosed
eliac disease patient is presented, which includes reg-
lar follow-up; measurement of serum antibodies; elic-

ting a detailed dietary history; and examination for
igns and symptoms of nutritional deficiencies, malig-
ancy, and other autoimmune diseases. Ideally, a team
pproach to the follow-up of the newly diagnosed pa-
ient should include regular supervision by an interested
hysician, medical nutritional counseling by a registered
ietician, and access to local and national support
roups knowledgeable about this condition.

nce an individual has been diagnosed with celiac
disease (CD), and received appropriate counseling

bout the gluten-free diet (GFD), how can the physician
easure compliance? Prior to the advent of serology, the

iagnosis of CD was based on criteria published in 1970
y the European Society of Paediatric Gastroenterology,
epatology, and Nutrition.1 These criteria recom-
ended the confirmation of CD with 3 small bowel

iopsies: villous atrophy at the time of initial presenta-

ion, intestinal healing after being on a GFD, and recur-
ence of damage after a gluten challenge. Revised criteria
ere published in 1990, which stated that the diagnosis
as definitive in those over the age of 2 years who had

nitial characteristic histologic findings, suggestive serol-
gy, and clinical resolution of symptoms following the
nstitution of a GFD. Repeat biopsy was deemed not
ecessary.2 Despite these recommendations in pediatric
atients, recent studies have shown the utility of endos-
opy with repeat biopsies in adults to measure compli-
nce. Intestinal damage has been significantly associated
ith poor dietary compliance, presence of serum antien-
omysial IgA antibodies (EMA), and low plasma albu-
in.3 Despite a good clinical response to a GFD, abnor-
al endoscopic and histopathologic appearances

ersisted in 77% of adult CD patients in New York,
ven in those reporting compliance. Abnormalities in-
luded reduced and scalloped folds, mucosal nodularity
nd fissures, and partial or total villous atrophy.4 The
merican Gastroenterological Association medical posi-

ion statement recommended a repeat biopsy as early as
to 6 months after starting the GFD to assess improve-
ent.5

Capsule endoscopy has the potential to become a
aluable tool for both monitoring compliance to the
FD by documenting small bowel mucosal healing as
ell as screening for the intestinal complications of CD.
odularity and ulcerations of the mucosa and notching

r scalloping of the folds of the small intestine may be
een at the initial presentation of CD or with GFD
oncompliance or refractory sprue. Capsule endoscopy
as the added advantage over traditional upper endos-
opy in that it can visualize the entire length of the
uodenum, jejunum, and ileum. Thus, capsule endos-
opy may prove useful in monitoring for complications of

Abbreviations used in this paper: AAA, antiactin IgA antibodies; AGA,
ntigliadin IgA and IgG antibodies; CD, celiac disease; EMA, antien-
omysial IgA antibody; GFD, gluten-free diet; PCP, primary care phy-
ician; tTG, tissue transglutaminase IgA antibody.

© 2005 by the American Gastroenterological Association
0016-5085/05/$30.00
doi:10.1053/j.gastro.2005.02.025
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D, such as ulcerative jejuno-ileitis or enteropathy-asso-
iated T-cell lymphoma.6 However, at present, the cap-
ule is not recommended to make the initial diagnosis of
D because it is not capable of taking small bowel biopsy

pecimens for histologic confirmation of the disease (The
1th International Symposium on Coeliac Disease, Bel-
ast, Ireland, April, 2004).

Antigliadin antibodies (AGA), the first serum mea-
urements used to screen for CD in the 1980s, were also
he first antibodies evaluated to noninvasively monitor
or GFD compliance. Studies from Australia, Brazil,
inland, Italy, and the United Kingdom all correlated
GA titers to dietary adherence.7–12 In Italy, it was

eported that patients with poor to moderate compliance
ith the GFD had high levels of both AGA IgA and IgG
5% and 40% of the time, respectively.11 However,
GA were elevated in 24% of those reporting good

ompliance, indicating perhaps a fictitious patient ac-
ount, inadvertent gluten contamination of the diet, or a
oor positive predictive value of AGA for villous dam-
ge. It has also been suggested that the persistent finding
f AGA IgG positivity in patients with CD could be
econdary to immunologic memory, rather than an index
f poor compliance with the GFD.13 Italian children
ith good compliance had normalization within the

econd month of the GFD for AGA IgA and within the
ixth month of the GFD for AGA IgG.9 Gluten chal-
enge caused a rapid increase in AGA IgA but a slow
ncrease in AGA IgG.9 Adults from the United King-
om with CD were shown to have no significant differ-
nce in AGA IgA from normal controls after 2 years of a
trict GFD.8

The EMA titer was originally proposed to be indi-
ectly related to mucosal recovery.14 However, there is
ot agreement in the literature that EMA is a reliable
arker in either monitoring compliance or histologic

esponse to treatment. EMA positivity in CD patients on
GFD has been reported to vary from 0% to 68%.15 Of
3 initially EMA positive patients in Belfast, EMA was
ndetectable in 58% after 3 months, in 75% after 6
onths, and in 87% after 12 months on the GFD.16

owever, only 40% of all seronegative patients had
omplete villous recovery by 12 months, and only 33%
ith subtotal or total villous atrophy remained EMA
ositive. Several researchers believe that EMA negativity
eflects the absence of gluten in the diet in those who
ere initially EMA positive, but is not a predictor of
ucosal damage, and that biopsy remains the best tool to
easure villous injury.17–19

The reliability of tissue transglutaminase IgA antibod-
es (tTG) as a predictor of compliance in CD has also

een examined. tTG levels correlated with the duration a
f the GFD, and tTG normalized for most patients after
year of the GFD in Switzerland and Sweden.20 Fur-

hermore, elevated tTG and EMA could be detected
ithin 3 to 12 months after a gluten challenge.20 In one

talian study, tTG better correlated with reported com-
liance than with intestinal biopsy morphology.21 These
uthors suggested that an accurate dietary interview with
TG measurement be performed before considering a
epeat biopsy of a patient.21 Because of the false positiv-
ty of tTG and EMA with other autoimmune diseases,
uch as type 1 diabetes and autoimmune hepatitis, these
ntibodies may remain elevated in a certain subset of
atients despite strict adherence to a GFD.22–26

The presence of an immune reaction toward the intes-
inal epithelial cell cytoskeletal actin network has been
stablished in CD.27 The presence of antiactin IgA anti-
odies (AAA) in children and adults was strongly corre-
ated with more severe degrees of intestinal villous atro-
hy (Marsh grade IIIa or higher: P � .0001; relative risk,
6.17). In all of these patients, AAA became undetect-
ble within 5 months of initiating a GFD. This was in
ontrast to AGA IgA, which took 12 months to normal-
ze, and tTG and EMA, for which 20% and �80% of
hese patients, respectively, tested positive 1 year after a
FD.28 The use of AAA as a serologic marker for CD and

s a measure of adherence to the GFD, although still
nvestigational, holds great potential.

The highest rates of compliance are reported for pa-
ients diagnosed with CD at a very young age. In Swe-
en, whereas 80% of adults who had been diagnosed
ith CD prior to 4 years of age were compliant, only
6% of those who were older than 4 years of age at
iagnosis were compliant.29 In France and Belgium, less
han half of the adult CD patients who were studied
trictly adhered to a GFD for more than 1 year after
iagnosis.30 Reasons for transgressions included poor pal-
tability of GF foods, the absence of symptoms after
cheating,” high cost of the GFD, and the nonspecified
resence of gluten or erroneous affirmation of gluten
bsence in foods and medications.30 Only 56% to 83% of
eenagers with CD were considered to be on a strict
FD,31–33 whereas the reported adult compliance has

aried between 17% and 45%.34,35 Adolescents diag-
osed with CD via serologic mass screening in Italy
howed more EMA positivity and lower compliance in
omparison with age-matched patients diagnosed with
classic” symptoms during childhood.36 Less than one
ourth of patients diagnosed via screening followed a
trict GFD, and 23% had returned to a completely
ormal diet 5 years after the original diagnosis.36

There are also many psychologic barriers to compli-

nce with the GFD. Women with CD perceive a greater
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urden of illness and express less satisfaction with the
utcome of treatment. Women are also more concerned
bout needing more knowledge regarding CD, interfer-
nce of the GFD with socializing, and the possibility that
heir children could get CD. Both genders express bit-
erness over not being diagnosed earlier, believing that
his could have led to better outcomes.37 For many CD
atients, the major complaints are general poor health,
atigue, and a feeling of decreased well-being.38 These
ymptoms may improve once the patient starts a GFD.39

orrao et al published that the overall mortality in adult
D patients was double that of the general population
nd that a delay in diagnosis, poor adherence to treat-
ent, and severity of symptoms at presentation unfavor-

bly affected patients’ outlook.40 The GFD has been
hown to improve the quality of life even in patients with
silent” CD (ie, without gastrointestinal symptoms).41

here are little data to support the idea that poor adap-
ation to CD is due to impaired intellect or a deviate
ersonality pattern.42,43 However, depression appears to
e the most common neuropsychiatric complication
mong treated adults,44 which may ultimately affect
ompliance. It is important for the diagnosing physician
o have a reassuring and positive attitude with the clin-
cal management of CD from the beginning. Patients at
he time of CD diagnosis express fear, anger, anxiety, and
adness. Anger can worsen the patient-clinician relation-
hip and has been inversely correlated with dietary com-
liance.45

Additional barriers to compliance with the diet in the
nited States are ambiguous labels on prepared foods,
hich do not indicate whether the product contains
heat or could have been processed with wheat. The
merican Celiac Task Force (http://capwiz.com/celiac/
ome/) made its debut in March 2003 to advocate for
hanging the food-labeling laws. On August 2, 2004,
resident George W. Bush signed the “Food Allergen
abeling and Consumer Protection Act.” This law re-
uires food manufacturers, within the next 2 years, to
tate clearly on the label if a product contains any of the
op 8 food allergens (milk, eggs, fish, crustacean shellfish,
ree nuts, peanuts, soybeans, and wheat). In addition, it
alls for the FDA to issue rules defining and permitting
he term “gluten-free” on food labeling. Once these laws
re enacted, compliance with the GFD will be greatly
acilitated for CD patients in the United States.

Ideally, the education of the newly diagnosed CD
atient should consist of a team approach between the
atient (or parents) and the gastroenterologist, primary
are physician (PCP), dietician, and local branches of
ational support groups. The medical management of

D primarily consists of monitoring for compliance with i
he GFD and screening for the well-known complica-
ions of this autoimmune condition. The patient should
ollow up with the gastroenterologist who performed the
iopsy once the results confirm CD and be referred to a
nowledgeable dietician for medical nutrition therapy
Figure 1). Patients should be encouraged to join local
hapters of national support organizations, which can aid
n finding local resources, such as supermarkets, food
anufacturers, literature, and restaurants that are famil-

ar with the GFD.
Patients should be screened for nutritional deficiencies

hat can accompany this malabsorptive disorder, such as
ron deficiency anemia and fat-soluble vitamin deficien-
ies. Patients should also be monitored for common
omplications, including osteoporosis and neurologic
omplaints and the development of other autoimmune
iseases, especially of the thyroid and liver.46,47 Individ-
als with biopsy-proven CD who do not have a clinical
esponse to the GFD should be evaluated for the presence
f refractory sprue, ulcerative enteritis, T-cell lymphoma,
nd other gastrointestinal cancers. Bone density should
e measured in the newly diagnosed CD patient. Nu-
erous studies have documented low bone density in

oth children and adults at the time of initial diagnosis
f CD, which can improve with the GFD.48–51 Deficient
ntake and absorption of vitamin D and calcium, and the
evelopment of secondary hyperparathyroidism, should
e evaluated in osteopenic patients.52 Children should be
xamined for protein-calorie malnutrition, linear growth
ailure, and delayed puberty. First- and second-degree
elatives should be offered screening for CD with serum
ntibodies.

Once the patient has undergone initial counseling for
he GFD, the PCP (or gastroenterologist) and dietician
hould follow up with the patient in 3 to 6 months to
iscuss compliance with the diet and reinforce its im-
ortance. If the patient has been able to adjust to the
luten-free lifestyle, and has had no complications of the
isorder, he or she can be seen annually by either the
CP or gastroenterologist. At the annual visit, a detailed
utritional history should be elicited, and serum anti-
odies should be measured to gauge adherence to the
FD. Again, the physician should perform a detailed
istory and physical aimed at screening for nutritional
eficiencies and looking for signs and symptoms of other
utoimmune disorders, gastrointestinal cancers, and re-
ractory sprue. If the patient is doing well without
linical symptoms of CD and normal antibody titers, he
r she should continue to be followed annually. If the
atient is doing poorly, indicated by either clinical
ymptoms, nutritional deficiencies, or elevated antibod-

es, more extensive counseling regarding the GFD should

http://capwiz.com/celiac/home/
http://capwiz.com/celiac/home/
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e given by a dietician. This patient will also require
loser monitoring for the development of the above-
entioned nutritional and autoimmune complications

Figure 1).
Special considerations need to be given to patients

Figure 1. An approach to the management o
ho have both CD and type 1 diabetes. Many of the I
ell-known complications of type 1 diabetes can be
xacerbated by nutritional deficiencies. Nocturnal hypo-
lycemia with seizures and recurrent, unexplained hypo-
lycemia with a reduction in insulin requirements
hould prompt the physician to investigate for CD.53–55

atient with newly diagnosed celiac disease.
n the young child, growth failure and delayed sexual
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aturation may be seen. Vitamin deficiencies may ag-
ravate retinopathy (vitamin A), systemic and peripheral
europathy (vitamins B-12 and E), complications of
regnancy (iron deficiency anemia and folic acid defi-
iency), dental disease, limited joint mobility, osteope-
ia, and osteoporosis (vitamin D). There is also an in-
reased incidence of other autoimmune diseases in type 1
iabetics who have “silent” CD and their first-degree
elatives who are EMA positive.56,57 The GFD presents
n additional challenge to the patient with diabetes. The
iabetic patient with CD may see acute hyperglycemia
ith the initiation of a GFD and a steady rise in hemo-
lobin A1c. This can be due to intestinal healing and
etter absorption, as well as gluten-free substitutes,
hich may be corn, rice, or potato based, and have a
igher glycemic index.
Patient education, close supervision by an interested

hysician, and regular nutritional counseling by a regis-
ered dietician with expertise in CD are the most impor-
ant factors in achieving dietary compliance in CD.58

ompliance is improved, even in adolescents, who are
een by a physician on regular basis.59,60 Dietary com-
liance assessed by a trained interviewer (either a physi-
ian or dietician) may be the best marker of CD control
ecause of the low cost and noninvasivity and a strong
orrelation to intestinal damage.60 It will also at the same
ime reinforce the need for strict adherence to a GFD and
ducate the subjects in the avoidance of gluten-contain-
ng foods.

Future research must be directed at finding alterna-
ives to the GFD, which will, in turn, increase compli-
nce with treatment. These future potential treatments
nclude the development of genetically detoxified grains,
ral and intranasal “celiac vaccines” to induce tolerance,
nhibitors of the effects of zonulin on intestinal perme-
bility,61 inhibitors of tTG, and detoxification of immu-
ogenic gliadin peptides via oral peptidase supplement
herapy.62

In summary, compliance with a GFD diet can be
easured by dietary history, serum antibody titers, and

ndoscopic and histologic pathology. Given that the
riteria for the diagnosis of CD relies on pathology,
epeat endoscopy documenting endoscopic and histologic
emission after 6 months to a year on the GFD could be
onsidered the “gold standard” for the evaluation of
ompliance. In the future, capsule endoscopy will likely
ecome valuable in documenting small bowel mucosal
amage and screening for ulcerative jejuno-ileitis and
nteropathy-associated T-cell lymphoma. A more prac-
ical, cost-effective and noninvasive way to monitor com-
liance would include a detailed dietary history with

nalysis by a registered dietician, in combination with
easurement of serum antibodies. The “dietary antibod-
es” AGA IgG and IgA normalize within 2 to 6 months
f the GFD, and similarly increase after gluten challenge,
aking them useful tools to noninvasively measure ad-

erence and transgression from the GFD within a rela-
ively short period of time. The IgA “auto-antibodies”
MA and tTG take longer to normalize on a GFD and
espond to a gluten challenge, although they have been
uggested to better correlate with the degree of villous
trophy. In patients with other autoimmune conditions,
uch as type 1 diabetes, these antibodies may remain
levated despite strict adherence to the diet and thus may
ot be useful to measure compliance in this subset of
atients. The patient groups at increased risk for non-
ompliance include those diagnosed as adolescents and
dults and those identified through mass serologic
creenings who are asymptomatic. The newly diagnosed
atient with CD requires intensive support with frequent
einforcement from a physician knowledgeable about the
isease’s complications, a dietician familiar with the
uances of the GFD, and an informed national support
roup with local access. Future research should focus on
lternatives to the GFD, which will block the interac-
ions between gluten and the immune system and ulti-
ately improve patient compliance.
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