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Abstract
Celiac disease is one of the most prevalent autoimmune gastrointestinal disorders but as the case
of Ms. J illustrates, diagnosis is often delayed or missed. Based on serology studies, the prevalence
of celiac disease in many populations is estimated to be approximately 1% and has been increasing
steadily over the last 50 years. Evaluation for celiac disease is generally straightforward, and uses
commonly available serologic tests, however the signs and symptoms of celiac disease are
nonspecific and highly heterogeneous making diagnosis difficult. While celiac disease is often
considered a mild disorder treatable with simple dietary changes, in reality celiac disease imparts
considerable risks including reduced bone mineral density, impaired quality of life, and increased
overall mortality. In addition, the gluten free diet is highly burdensome and can profoundly affect
patients and their families. For these reasons, care of individuals with celiac disease requires
prompt diagnosis and ongoing multidisciplinary management.

Dr Ship
Ms. J is a 46 F recently diagnosed with celiac disease. She lives in the greater Boston area
and has private insurance.

Ms. J has generally been in good health. She has been anemic since her first pregnancy, 20
years ago. She was pregnant three times subsequently, but miscarried each time, always in
the second trimester. She transferred to a new physician about 5 years ago. Her hematocrits
were then in the low 30s. Her indices were normal, and although her ferritin was low (7.2ng/
mL), her iron rose into the normal range with supplementation. She reported heavy menses
at the time, which was thought to be the cause of her anemia.

In March of 2010, Ms J. presented for routine care and was found to have a hematocrit of 26
with an mean corpuscular volume (MCV) of 78. She reported inability to tolerate iron due to
constipation. She also reported much lighter menses and intermittent epigastic discomfort
for which a trial of a proton pump inhibitor was recommended. Given these findings, her
internist sent her for an endoscopy and – because of a family history of colon cancer – a
colonoscopy.
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She was seen by a gastroenterologist and had a colonoscopy, which was normal, and an
endoscopy which showed villous shortening and an increased number of intraepithelial
lymphocytes, consistent with celiac disease. (See Figure 1) Further testing revealed a normal
tTG IgA at 14 units (range 0 – 19) but an elevated Anti-DGP (IgA/IgG) at 104 units (range 0
– 19).

Ms. J was diagnosed with celiac disease and was instructed to follow a gluten free diet.
Since then she reports a loss of 15 pounds and notices that her joint pain is entirely better.
Ms. J also noted significant improvement in her energy level. Her daughter was tested for
celiac disease and had a negative result.

Ms. J’s past medical history is notable for hypertension and mild, situational depression. Her
medications include hydrochlorothiazide 25 mg daily, lisinopril 10 mg daily and iron, 6
tablets daily. She has no drug allergies. She does not smoke or drink alcohol.

MS J
When I first was told that I had celiac disease I didn’t really know what to think because I
hadn’t really heard of it before. They told me that I was never going to be able to have any
type of wheat, rye, and barley products again. At first I thought it’s just a temporary thing
and then when I realized that I could never really have any of that food again for the rest of
my life, I was in denial. I was like “oh wow” but I started the diet right away. Since I’ve
been on it, I dropped 15 lbs, my iron level has gone up, and my joints don’t hurt any more. I
just feel overall better than I did.

It’s very difficult to be on a gluten free diet. I find it very hard to go out to eat. We used to
go out to eat as a family once a week now it’s very difficult because not all restaurants have
gluten free menus and the ones that do have gluten free you don’t know what goes on in the
kitchen. I did cheat once when I was on vacation. I will tell you that after being off of the
gluten for 2 or 3 month and then cheating I felt really bad the next day. Shopping at the
grocery store is also very difficult. It’s very expensive especially in this type of economy.
One loaf of bread is $7!

This really is a lifestyle change and that the hardest thing is to know that I can never eat
these items for the rest of my life. Some underlying questions I have are: What kind of
damage has it done not being diagnosed earlier? Is it irreversible or is it reversible? Also I
would like to know why I had the miscarriages. Is there a connection?

AT THE CROSSROADS: QUESTIONS FOR DR LEFFLER
1. What is the epidemiology and pathophysiology of celiac disease?

2. Which symptoms should prompt a clinician to test for celiac disease?

3. How is the diagnosis of celiac disease made? What is the specificity and sensitivity
of the tissue transglutaminase antibody testing? When is a small intestinal biopsy
indicated?

4. Are there any populations who should be screened for celiac disease? Should
family members be tested?

5. Once diagnosed, what treatment is possible other than avoidance of gluten? Is
adherence to the gluten free diet ever “optional”? What are the harms of cheating?

6. What testing should patients with celiac disease undergo? Until what age?

7. What does the future hold?
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8. What do you recommend for our patient?

Throughout the article, the following notation is used to describe the evidence supporting
statements:

A. Level of evidence A: recommendation based on evidence from multiple
randomized trials or meta-analyses;

B. Level of evidence B: recommendation based on evidence from a single randomized
trial or nonrandomized studies;

C. Level of evidence C: recommendation based on expert opinion, case studies, or
standards of care

Dr. Leffler
What is the epidemiology and pathophysiology of celiac disease?

Ms J: “What kind of disease is this?”—Celiac disease has long been considered to be
a rare disorder of childhood. Significant advances in the understanding of celiac disease
have refuted this and the currently accepted prevalence of celiac disease is approximately
one to two percent of the general population in many regions of the world including North
and South America, Europe, North Africa, the Middle East and India.1, 2 The increased
diagnosis of celiac disease is related both to improved testing and to true increases in Celiac
disease prevalence.3 Although inflammation is induced by the foreign protein gluten, celiac
disease is best understood as a complex autoimmune disorder rather than an allergy as auto-
antibodies to tissue transglutaminase (tTG) are central to the disease process. Gluten, the
major protein in wheat, rye, barley and related grains, is poorly digested and reaches the
intestinal lumen in large polypeptides. In individuals with celiac disease, gluten peptides
pass though the mucosa of the small intestine into the submucosa. In the submucosa, gluten
peptides are modified by the common enzyme tTG and become able to bind with high
affinity to human leukocyte antigen (HLA) DQ2 and DQ8 molecules on antigen presenting
cells stimulating both cell mediated and humoral immune reactions.4 (See Figure 2)

Which symptoms should prompt a clinician to test for celiac disease?
Ms J: “I didn’t have any diarrhea or constipation; I think that’s what threw my
PCP off”—Although discoveries in the pathophysiology of celiac disease have led to
accurate serologic testing, the diversity of signs and symptoms creates significant difficulties
for clinicians. Infants and children typically present with predominant symptoms of
malabsorption including diarrhea and failure to thrive, however, the list of signs and
symptoms associated with celiac disease in older children and adults is vast and new
associations are reported regularly. (See Table 1)

Testing for celiac disease in all patients who present with any of the dozens of possible signs
and symptoms would quickly approach population screening, an approach not currently
supported by available evidence, as discussed below. Deciding when to test for celiac
disease and when to refer for further evaluation is challenging, contributing to an average of
11 years of symptoms prior to diagnosis5, 6 and often a complete to failure to test for celiac
disease at all.

Fortunately, types of presentation can be divided into three approximate categories based on
risk of celiac disease as described in Table 1 and can be helpful in guiding effective celiac
disease testing and referral. It is worth noting that the individuals at highest risk tend to be
complicated enough to warrant referral to a gastroenterologist regardless of concern for
celiac disease. Indeed, in the case of Ms. J, the combination of difficult to treat iron
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deficiency anemia and upper gastrointestinal symptoms led to referral to gastroenterology
where the diagnosis of celiac disease was promptly made.

How is the diagnosis of celiac disease made? What is the specificity and sensitivity of
antibodies to tissue transglutaminase (tTG)? When is a biopsy indicated?

Prior to the 1980’s, the lack of non-invasive testing for celiac disease severely limited
diagnosis rates. In the mid 1980’s Anti-Gliadin Antibody (AGA) testing became available,
however the positive predictive value in moderate risk groups is less than 30%, precluding
efficient diagnosis.1 In the early 1990’s Endomysial Antibody (EMA) testing ( sensitivity
and specificity of greater than 95%) became available, however, use was curtailed by cost
and interpretability issues.1

In 1997, tissue transglutaminase (tTG) was determined to be the major auto-antigen in celiac
disease7, and shortly thereafter assays for anti-tTG antibodies were developed. Current tTG
tests are based on IgA antibodies to recombinant human tTG, and in most studies sensitivity
and specificity are above 90% and 95%, respectively,1, 8 which equates to a positive
predictive value of approximately 75% and a negative predictive value of 99% in moderate
risk populations given a 5% pretest probability.

While IgA-tTG testing is generally accepted to be the initial test of choice for celiac disease
in most situations, the case of Ms. J, illustrates some important caveats. First, approximately
5% of individuals with celiac disease will be seronegative and all serologic tests appear to be
less sensitive in children under the age of two years.9 For this reason, in cases where the
pretest probability is high, as in individuals such as Ms. J with iron deficiency anemia and
gastorointestinal symptoms or any of the other conditions listed in the first row of Table 1,
IgA-tTG is not sufficiently specific to rule out celiac disease and upper endoscopy with
duodenal biopsy should be strongly considered. Conversely, while well described, tTG
negative celiac disease remains uncommon and there are multiple other causes of small
intestinal villous atrophy.10 In order to confirm the diagnosis of celiac disease, patients with
intestinal damage suggestive of celiac disease, but who are negative for IgA-tTG, should
have further evaluation including a total IgA level, testing for antibodies to deamidated
gliadin peptide (DGP), testing for Celiac disease related HLA DQ2 and HLA DQ8 (the
absence of which excludes celiac disease) and assessment of clinical and histologic
improvement on a gluten free diet (GFD).1

Finally, symptomatic response to a GFD is neither a sensitive or specific test for celiac
disease for a number of reasons. First, conditions including food allergy and, much more
commonly, gluten intolerance will improve on a GFD.11–13 On the other hand, at least 10%
of patients with celiac disease will not fully respond to dietary modification alone either due
to inadvertent gluten exposure or coexisting conditions including irritable bowel
syndrome.14 Finally patients and clinicans should be aware that both serology and histology
will normalize on a GFD, so testing for celiac disease should be completed prior to dietary
modification.

Given the high accuracy of modern serologic testing, a common question is why small
intestinal biopsy remains necessary for celiac disease diagnosis. Although some suggest that
biopsy should no longer be required,15 biopsy remains the gold standard for diagnosis for a
number of reasons.16, 17 First, although the sensitivity of IgA-tTG is high, in most risk
groups the positive predictive value of a positive test is only around 75% and spurious
positive tTG titers can be seen in cirrhosis18, congestive heart failure19 and after enteric
infections.20 Additionally, while celiac disease is often considered to be a ‘benign’ diagnosis
with little harm in false positive diagnosis, in reality misdiagnosis of celiac disease is
deleterious on multiple levels. First, as discussed below, the burden of a GFD is substantial.
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Second, celiac disease is also associated with complications including refractory celiac
disease21 and malignancies22, so that while overall outcomes in celiac disease are generally
good,22, 23 mortality rates may be persistently elevated24 and concern regarding
complications can lead to extensive medical testing. Patients with confirmed celiac disease
commonly experience episodes of recurrent symptoms, and intestinal histology at diagnosis
is often vital in evaluation of potential causes.14 False positive diagnosis can also lead
directly to increased healthcare costs as individuals with celiac disease are routinely
recommended to have tests such as vitamin levels and bone mineral density evaluation
which may not be otherwise necessary.16 Finally, as celiac disease is hereditary with risk an
approximate 8% risk in first degree family members and 4% risk in second degree family
members25, a single false positive diagnosis can precipitate a string of unnecessary tests in
patients’ relatives. For all these reasons, the diagnosis of celiac disease requires duodenal
biopsy consistent with celiac disease and either positive serologic testing and/or response to
a GFD.16

Are there any populations that should be screened for celiac disease? Should family
members be tested?

Ms J.: “No one else in my family has been tested except for my daughter”—
Screening for celiac disease has been a controversial issue for many years.26, 27 The World
Health Organization criteria for screening of noncommunicable diseases can be summarized
by the following requirements:28 (1) The disease must be common and well defined. (2)
Screening tests must be safe, simple and highly accurate. (3) Both disease testing and
treatment must be culturally acceptable and equitable. (4) Treatment for the disease must be
available. (5) Early clinical detection must be difficult. (6) If not recognized, the disease
could result in severe complications difficult to manage. (7) The overall program for testing
and treatment should be cost-effective.

It is tempting to conclude that there is sufficient data to support population screening for
celiac disease for the following reasons; First, celiac disease is clearly difficult to detect
based on the heterogeneity of presentation as described above. Second, celiac disease is
common and causes significant morbidity. Third, modern serologic tests for celiac disease
are among the most accurate available for any autoimmune or inflammatory disorder.
Fourth, treatment with a GFD is effective in the majority of patients. Fifth, if not recognized
complications including osteoporosis, growth impairment, fertility issues and malignancy
can occur. Finally, IgA-tTG testing is also relatively inexpensive, costing approximately the
same as a lipid panel in most areas. In addition, Markov models suggests that given the
mortality associated with untreated symptomatic celiac disease, screening would be cost
effective.29

Currently, however, available data regarding the morbidity of undiagnosed and untreated
celiac disease is based almost entirely on patients with clinically diagnosed, symptomatic,
celiac disease. A large proportion of individuals detected in a mass screening effort would
be expected to be minimally symptomatic or asymptomatic, and data suggest that this group
may not have the same risks as those with clinically evident celiac disease.30, 31 The few
prospective studies that have evaluated screening for celiac disease in adults have not
conclusively found screening to be beneficial.32, 33 A final complexity is that celiac disease
can present at any age, so the timing and testing intervals would need to be determined in
order to balance delayed diagnosis and cost. For these reasons, the currently accepted
strategy for celiac diagnosis is aggressive case finding in individuals presenting with signs
and symptoms suggestive of celiac disease. Fortunately, although diagnosis is often
markedly delayed5, 6, studies suggest that with proper clinician education, case finding can
be highly effective.34, 35
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Testing of all close relatives of patients with celiac disease should be considered separately
from population screening because of the increased risk of celiac disease in first and second
degree relatives.16 In children and adolescents, due to the risk of permanent impairment of
growth and development, guidelines recommend testing for celiac disease every two to three
years or at onset of new symptoms in children with a family history of celiac disease or
comorbid conditions.17, 36 In adults, on the other hand, testing is reserved for those with
signs or symptoms suggestive of celiac disease,16 although with the growing number of
celiac associations, clinicians should maintain a very low threshold for testing.

There are two celiac testing strategies for individuals at risk due to family history. The most
common strategy is serologic testing, identical to that for any symptomatic patient.
However, serology and intestinal biopsy are both diet dependent and only rule out currently
active celiac disease. A second and increasingly popular strategy is to test for the presence
of either HLA DQ2 or HLA DQ8, which are prerequisite for the development of celiac
disease.16 HLA DQ2 or HLA DQ8 are found in approximately 40% of the general
population and are not disease causative, limiting the concerns associated with conventional
genetic testing. Although the positive predictive value of HLA typing for celiac disease is
extremely low, the negative predictive value is nearly 100%, making this an attractive option
individual or parents of individuals who would otherwise need repeated serologic testing.16

Once diagnosed, what treatment is possible other than avoidance of gluten? Is adherence
to this ever “optional”? What are the harms of cheating?

Ms J: “It’s very difficult to be on a GFD…It’s very difficult to go out to eat.
Shopping…now takes an hour and a half rather than 20 minutes and is very
expensive and confusing…you have to really read the labels and be
vigilantf… I did cheat once and I felt really bad”—Currently, the only accepted
therapy for celiac disease is strict adherence to a GFD.16 While the ability to treat a disease
without medications is attractive, as Ms. J reports, adherence to a GFD is quite difficult. The
cost of the gluten free diet is two to three times that of a standard diet37 and while a GFD is
subsidized in many European countries, elsewhere expense represents a significant hardship.
Second, although a balanced GFD can be quite healthy, in many individuals the loss of
common whole grains and inconsistent fortification results in failure to meet recommended
daily intake of many nutrients.38, 39 With proper counseling and motivation, cost can be
minimized and nutritional value maximized by the use of raw ingredients. Further, the need
to avoid foods is a profound social stress for children and adults that continues to be
troubling years after adoption of a GFD.40–42

Even for those making substantial effort to maintain a strict GFD, the degree of adherence
necessary is challenging. It has been shown that as little as the amount of gluten found in
1/30 of a slice of bread is enough to cause intestinal damage,43, 44 and to make matters
worse, gluten is an ubiquitous ingredient/contaminant in many foods and even
medications.45, 46 For these reasons, an absolute GFD is probably not attainable and the
addition of purposeful gluten consumption or “cheating” on top of unavoidable exposure
should not be endorsed. A strict GFD should be strongly encouraged as non-adherence is
common at all ages,42, 47 associated with a lax attitude toward gluten exposure,48 and even
inadvertent gluten exposure commonly results in recurrent symptoms.14, 49

For clinically evident celiac disease, there is evidence for the beneficial effect of a GFD on
symptoms50 and quality of life32, 33 and the overall, standardized mortality rate has been
shown to decrease from over 2.8 (95% CI 2.51–3.11) to 1.22 (95% CI 1.13–1.32) after one
year of treatment.22, 24 However, as discussed in the section on screening above, limited
data suggests that asymptomatic patients may safely continue a regular diet with proper
monitoring,31 and for patients in whom celiac disease was diagnosed based on screening
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alone, and who have no evident symptoms or nutritional abnormalities, discussion of the
risks and benefits of immediate adoption of the GFD vs. monitoring on a regular diet is
reasonable.

What testing should patients with celiac disease undergo? Until what age?
Ms J: “What am I supposed to do now?”—While there is general consensus on
establishing the diagnosis of celiac disease and dietary treatment, data on optimal
monitoring strategies are limited, and subsequently guidelines vary (see Table 2). With the
discovery of the GFD in the 1940’s celiac disease changed from a highly morbid childhood
disease with a reported case fatality rate of nine percent51 to one with a very modestly
increased standardized mortality rate of 1.39 (95% CI 1.33–1.45).24 This suggested that
there was little to be gained by further research on treatment, and over the following decades
most efforts focused on epidemiology, pathophysiology, and diagnosis. In recent years,
studies of patients followed into adulthood or diagnosed as adults have suggested the need
for closer monitoring and a number of consensus guidelines have been developed as noted in
Table 2. Overall, given the limitations of available data, ongoing care of the patient with
celiac disease should be individualized. Most available guidelines suggest regular celiac
disease evaluation by a physician and dietitian, which should include testing of celiac
serologies and nutrient levels. Although repeat intestinal biopsy to assess healing was
considered routine in the past, the ability to follow serology titers has decreased the need for
this practice. Currently, repeat intestinal biopsy is not recommended by most guidelines in
adult or pediatric patients who are responding clinically and serologically to treatment.
Further recommendations can be found in Table 2.

What does the future hold?
Ms. J: “What are they going to do, are they going to give you a pill?”—
Knowing both the instigating antigen (gluten) and the end result of immune disregulation
(enteropathy and autoantibody production), our understanding of the pathophysiology of
celiac disease is substantially more complete than for other autoimmune/inflammatory
disorders.52 Advances in diagnosis have propelled celiac disease from an uncommon
disorder to one of the most common and fastest growing gastroenterological disorders.
Although the gluten free diet is safe, it is clearly not an optimal treatment, imparting
significant burden to patients, and failing to achieve either complete symptom resolution or
intestinal healing in up to 30 percent of patients.14, 53 The combination of comprehensive
understanding of celiac disease and the need for adjunctive or alternative treatments to the
GFD has spurred much recent work in the area of celiac therapeutics. Therapies currently in
testing include enzymes to degrade gluten in the stomach prior to immune presentation in
the small intestine, molecules to enhance the tight junctions between enterocytes barring
gluten entry, methods of detoxifying gluten in wheat or during food processing and
reinduction of immune tolerance through ‘vaccination’ with gluten peptides among other
possibilities.54 It is too early to tell which of these first generation therapies will hold
substantial benefit for the millions with celiac disease, however it appears likely that our
understanding of the pathophysiology of celiac disease will lead to a durable cure and likely
pave the way for improved treatments of many other autoimmune/inflammatory disorders.

What do you recommend for our patient?
Ms. J: “It would have been helpful if I had had a chance to speak with a
dietitian”—Based on symptoms, positive celiac serology and intestinal histology, Ms. J
meets criteria for celiac disease. She should be informed that she has a lifelong autoimmune
disorder which necessitates strict avoidance of all foods containing any amount of wheat,
rye and barley. Ms. J should also be referred to a dietitian skilled in celiac disease and to a
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regional celiac advocacy group. It is likely that Ms. J has had celiac disease for many years,
and untreated celiac disease may have contributed to her recurrent miscarriages.55, 56

Fortunately, with adherence to a gluten free diet, proper support and nutritional
supplementation, she can expect to achieve clinical remission. Based on expert opinion, I
would also recommend monitoring of vitamin levels including 25-OH vitamin D, iron and
other nutrients based on symptoms.16, 57 Due to the high prevalence of nutritional
deficiencies, I would also suggest routine supplementation with a multivitamin and
additional vitamin D and calcium with a goal 25-OH vitamin D level of between 20 and 40
ng/ml depending on known bone density and coexisting risk factors for osteopenia, as well
as aggressive repletion of any other vitamins or minerals for which she is found to be
deficient. Aside from nutritional status, thyroid stimulating hormone and liver function tests
should be checked at diagnosis to assess for related autoimmunity.57, 58

Her daughter is over the age of 18, so routine celiac serologic or HLA testing is unnecessary
but I would encourage her to inform her relatives that celiac disease is now in the family and
that they should discuss serologic testing with their primary care physicians based on any
symptoms they may be experiencing. Ms. J’s iron deficiency may indeed be multifactorial
from both menses and celiac disease and I would monitor this closely over the next few
months, however should she continue to have symptomatic anemia without rapid
improvement I would consider parenteral repletion. I would recommend she visit her
dietitian and physician approximately six and 12 months after diagnosis to monitor
symptoms and recheck celiac serologies. I would also recommend evaluation of bone
mineral density approximately one year after adoption of a gluten free diet. Afterward, visits
for celiac disease can be continued on an annual basis with both a dietician and physician
knowledgeable about celiac disease.

Ms. J’s Questions
Could my miscarriages have been related to celiac disease?

Currently the typical newly diagnosed patient with celiac disease is a woman around the age
of 40 years who has had symptoms of celiac disease for over a decade. Given that active
celiac disease has nutritional and direct inflammatory consequences on fertility,59, 60 the
reproductive life of many patients is irreversibly affected. In particular, the risk of
miscarriage appears higher in women with untreated celiac disease compared to the general
population.61 For these reasons, clinicians should maintain a very low threshold for celiac
disease testing in this population.

Has my body sustained any irreversible damage from celiac disease over the years?
The small intestinal mucosa has enormous regenerative capacity in both health and disease.
Even individuals with longstanding, severe celiac enteropathy can expect to achieve
complete or near complete intestinal healing with gluten avoidance and nutritional support,
although the length of time to healing varies from less than one year to more than five years
and healing is associated with younger age at diagnosis and improved GFD adherence.53, 62

Outside of the intestine, however, healing is not always assured. A number of extraintestinal
manifestations of celiac disease such as dermatitis herpetiformis, anemia, and joint pain,
typically improve significantly or resolve within the first year of treatment, as was seen in
Ms. J.63 One of the most common associations with celiac disease is reduced bone mineral
density (BMD) which is seen in at more than 50% of patients at diagnosis.64 Although there
is often a significant improvement in BMD over the first year of treatment with a GFD, up
to 21% of patients will have persistent osteoporosis.64 There are multiple neurologic
manifestations of celiac disease, some of including peripheral neuropathy and headaches
which resolve, while case studies suggest that other manifestations including ataxia, may
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stabilize but rarely improve.65 Finally, there is a potential increased risk of secondary
autoimmune disorders related to longstanding untreated celiac disease, and once triggered,
these will not respond to gluten withdrawal.66

QUESTIONS AND DISCUSSION
Question: I have the sense that everyone who has anything going on is claiming to be
gluten sensitive and is trying a GFD. This seems to be an epidemic that is potentially
hurting a lot of people rather than helping them: Dr. Leffler: Americans love fad diets
and there is certainly a component of that with the increased popularity of the GFD. In some
ways it has been beneficial because it has greatly increased food availability for people with
celiac disease. While there is certainly a placebo component to adopting a gluten free diet,
non-celiac gluten intolerance does appear to be a real phenomenon and studies have shown
an HLA predisposition for response to gluten withdrawal12 and a recent double blind
randomized controlled trial demonstrated that gluten can exacerbate gastrointestinal
symptoms in people without celiac disease who are on a gluten free diet.11 No matter why
people choose to follow a gluten free diet, given nutritional concerns including lack of fiber
and B vitamins38 they should be seeing a dietician to help maintain a nutritionally sound
diet.

Question: Given that celiac disease is hard to treat, is serology of any use in following
patients who are not doing as well as we would like? Conversely, does resolution of
symptoms always reflect intestinal healing?: Dr. Leffler: While current serologic tests are
excellent at detecting untreated celiac disease, there is clear evidence that they are not
accurate indicators of disease activity or adherence to the gluten free diet.67 Skilled dietician
evaluation remains the gold standard for this GFD assessment, although a short standardized
survey is freely available and with a predicted accuracy of 88% is significantly more
accurate than the 65% reported for IgA-tTG.48 However, lacking more sensitive non-
invasive tests of intestinal health, it is still recommended to check celiac serologies on a
yearly basis.16 A persistently positive test should prompt evaluation for a number of
potential issues, the most common being gluten exposure.14

Conversely, like many inflammatory disorders, celiac disease activity can fluctuate over
time and intestinal inflammation may persist, even in individuals with normalized celiac
serologies and resolution of symptoms.1, 53

Question: How do we follow patients with celiac disease who are asymptomatic for the
development of severe complications, specifically lymphoma?: Dr. Leffler: This is a very
common concern from patients. For the routine celiac patients without refractory celiac
disease, whether diagnosed with symptoms and doing well on a gluten free diet or silent and
being monitored on a normal diet, the risk of developing lymphoma is actually very low,
with a rate of approximately eight cases per 10,000 patient years.22 and there is no
indication for routine small bowel imaging or other testing for malignancy. The main
complication of celiac disease, --refractory celiac disease -- is symptomatic by definition,21

so for patients who are feeling well, beyond regular nutritional and celiac blood testing and a
consideration of bone mineral density evaluation, no further testing is needed.
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Figure 1. Duodenal Biopsy Specimens
A. Duodenal biopsy specimen from Ms J’s upper endoscopy showing villous shortening and
an increased number of intraepithelial lymphocytes, consistent with celiac disease. B,
Biopsy specimen of normal duodenum for comparison. Magnification × 200; hematoxylin-
eosin stain.
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Figure 2. Antigen Presentation and Production of Antibodies to Gluten Peptides and Tissue
Transglutaminase (tTG)
In the subepithelium of the small intestine, native (partially digested) gluten peptides are
deamidated by the enzyme tTG. While tTG is ubiquitous, it is predominantly stored
intracellularly in an inactive state and released in the presence of inflammation and activated
by higher levels of extracellular calcium ions. Deamidation leads to change in shape and
charge of the gluten peptides, permitting high-affinity binding to HLA-DQ2 and -DQ8 on
APCs such as dendritic cells and macrophages. Only HLA-DQ2 and -DQ8 are able to bind
gluten peptides strongly enough to trigger an inflammatory reaction, so the presence of at
least 1 of these molecules is a prerequisite for development of celiac disease. Naive T cells
that have been activated by deamidated gluten presented by APCs are then able to stimulate
both a TH1 cytotoxic and TH2 humoral antibody response. The TH2 response leads to
production of antibodies against native gluten peptide, deamidated gluten peptide, and tTG.
Antibodies to the self-protein tTG are produced because tTG is often still complexed with
deamidated gluten peptides during presentation by APCs. This directed anti-self immune
response is the major autoimmune component of celiac disease. TCR indicates T-cell
receptor; IFN, interferon.
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Figure 3. Pathophysiology of Celiac Disease and Potential Nondietary Therapies Being Tested in
Phase 1 or 2 Clinical Trials
Gluten peptides are poorly digested by mammalian digestive enzymes and reach the small
intestinal mucosa as large polypeptides. Gluten peptides are able to cross the mucosa into
the subepithelium by transcellular and/or paracellular pathways. In the subepithelium, gluten
peptides are deamidated by tissue transglutaminase (Figure 2) and trigger cytotoxicity
leading to mucosal damage and humoral immunity leading to antibody production. Detailed
understanding of the pathophysiology of celiac disease has allowed for creation of highly
targeted potential nondietary therapies (blue boxes). These indude (A) alteration of gluten-
containing foods through the use of alternative or genetically modified wheat varieties or
through specialized food processing techniques; (B) degradation of gluten proteins in the
stomach and small intestinal lumen by selected proteases; (C) preventing gluten passage into
the subepithelium of the small intestine through the use of tight junction agonists; and (D)
re-induction of tolerance to gluten though immune desensitization.
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Table 1

Presenting Complaints and Pretest Probability of Celiac Disease*

Pretest Probability Risk Factors Evidence Notes Comments

High: Testing for celiac
disease always warranted.
Negative serologic test
may not adequately rule
out celiac disease

• Chronic gastrointestinal symptoms
with a family history of celiac disease
or a personal history of autoimmune
disease or IgA deficiency35, 68

• Biopsy proven dermatitis
herpetiformis69

• Chronic diarrhea70

• Failure to thrive in children71

• Iron deficiency anemia refractory to
oral supplementation72

Risk of celiac disease in
first and second degree
relatives is ~ 8% and 4%
respectively25, 73 and
increases to 20% in
symptomatic family
members74

Testing for celiac disease in
patients with classic
symptoms is felt to be cost
effective29

Risk in these populations
is generally 10% or
higher

Medium: Testing for
celiac disease generally
warranted.
Negative Serologic test
adequately rules out celiac
disease

• Irritable bowel syndrome75, 76

• Elevated liver function tests77

• Iron deficiency anemia78

• Fatigue/lethargy79

• Chronic gastrointestinal symptoms
without a family history of celiac
disease or a personal history of
autoimmune disease73, 80

• Peripheral neuropathy 81

• Ataxia82

• Dental enamel defects83

• Recurrent aphthous ulcerations83

• Hyposplenism84, 85

• Fertility abnormalities60

• Down’s or Turner’s syndrome36

• Known IgA deficiency68

• Microscopic colitis86

Two separate studies of
cost effectiveness of celiac
testing in irritable bowel
syndrome conclude that
testing is generally
warranted in this
population.76, 87

Risk in these populations
is generally 4–10%
Guidelines published by
the American College of
Gastroenterology in 2009
recommend celiac disease
testing for all patients
with diarrhea and
presumed irritable bowel
syndrome88

Low: Testing for celiac
disease warranted only
after excluding more likely
etiologies or with
coexistent risk factors.
Negative Serologic test
adequately rules out celiac
disease

• Osteopenia/osteoporosis89

• Fibromyalgia90

• Chronic Fatigue Syndrome91

• Heartburn/GERD92

• Acute or chronic pancreatitis93

• Alopecia94

• Myalgias/Arthralgias

• Autoimmune liver disease77

• Personal history of autoimmune
disease or connective tissue disease
without ongoing unexplained
symptoms95, 96

• Skin lesions other than dermatitis
herpetiformis97

• Headaches including migraines98

Risk in these populations
is generally <4%
Few cost effectiveness
analyses in celiac disease
testing have been
performed but limited
data suggest routine
serologic testing becomes
cost effective at a
prevalence of >4%
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Pretest Probability Risk Factors Evidence Notes Comments

• Mood disorders96, 99

• Attention deficit disorder/cognitive
impairment100, 101

• Epilepsy102

• Restless leg syndrome103

Celiac disease is rare in individuals of pure East Asian, South-East Asian, Sub-Saharan African and Inuit descent.2 Recommendations do not apply
to these groups.
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Table 2

Monitoring of Individuals with Celiac Disease

Strength of Recommendation Recommendation Comment

Recommended for All Patients/
Suggested by 5–6 of the 6 available
Guidelines

• Lifelong adherence to a GFD a,b,c,d,e,f

• Regular visit to celiac dietitiana,b,c,d,e,f

• Regular monitoring of gastrointestinal

symptoms a,b,c,d,e

• Regular monitoring of GFD adherence
a,b,c,d,e

• Regular monitoring of tTG a,b,c,d,e

• Regular laboratory testing of nutritional

status a,c,d,e,f

• Bone density evaluation within 1 year of

treatment a,c,d,e,f

While most guidelines suggest laboratory
testing of nutritional status, specific
recommendations vary greatly. Ferritin,
vitamin B12, folate and 25- OH vitamin D
are considered routine. Other tests to
consider include zinc, calcium, copper,
thiamin, albumin, vitamins B6, A, E and
K

Consider in Most Patients/Suggested
by 2–4 of the 6 available Guidelines

• Regular visit with MD for celiac disease
a,b,c,e

• Regular monitoring of anthropometrics
b,c,d,e

• Referral to celiac advocacy groupa,b,c,f

• Regular monitoring of celiac related quality

of lifec,d

• Regular monitoring of liver function tests
c,e

• Regular monitoring of hemoglobinc,e

• Regular monitoring of lipid levels c,d

Routine celiac monitoring by a MD can
be considered optional if the patient is
followed by an expert celiac RD.
Timing of follow up by RD or MD is
variable but a common schedule is at
diagnosis, 3–6 months post diagnosis for
the first year or until in clinical remission
and then annually thereafter

Not Routinely Necessary/Suggested
in one of the 6 available Guidelines

• Daily multivitamin and mineral supplement
d

• Assessment for related autoimmune and

endocrine disorders d

• Influenza and Pneumonia vaccination e

• Initial testing of prothrombin timec

• Regular monitoring of electrolytes and

renal function d

• Repeat intestinal biopsy e

Most publications do not focus on
nutritional therapy and although
suggested in only the ADA guideline,
recommendation of a multivitamin and
calcium/vitamin D is common
Vaccination recommended due to
association of celiac disease with
impaired spleen function

a
Recommended in the American Gastroenterology Association Technical Review on the diagnosis and management of Celiac Disease, 200616

b
Recommended in the North American Society for Pediatric Gastroenterology,

Hepatology and Nutrition Guidelines for the diagnosis and treatment of celiac disease in children, 200536

c
Recommended in the National Institute of Health Consensus Report on Celiac Disease, 200458

d
Recommended in the American Dietetics Association Celiac Disease Evidence Based Nutrition Practice Guideline, 200957

e
Recommended in the Primary Care Society for Gastroenterology: The Management of Adults with Celiac Disease in Primary Care, 2006104
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f
Recommended in the World Gastroenterology Organization Practice Guideline for Celiac Disease, 2007105

JAMA. Author manuscript; available in PMC 2012 October 12.


