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Celiac Disease — How to Handle a Clinical Chameleon
Alessio Fasano, M.D.
Celiac disease is an immune-mediated enteropathy triggered by the ingestion of gluten-containing
grains (including wheat, rye, and barley) in genetically susceptible persons. The disease is associated
with HLA-DQ2 in 90 to 95 percent of cases and with
HLA-DQ8 in 5 to 10 percent of cases and is self-perpetuating in the continued presence of gluten.1 It
is the interplay between genes (both HLA and other types) and environment (i.e., gluten) that leads
to the intestinal damage that is typical of the disease.2 Under physiologic circumstances, this interplay is prevented by competent intercellular tight
junctions, structures that limit the passage of macromolecules (including gluten peptides) across the
intestinal epithelial barrier. Recent evidence suggests that the gluten-induced up-regulation of zonulin, an intestinal peptide involved in the regulation
of tight junctions, is responsible, at least in part, for
the aberrant increase in gut permeability that is
characteristic of the early phase of celiac disease3
and the subsequent abnormal passage of gluten
into the lamina propria. The protein is deamidated
by tissue transglutaminase in the lamina propria
and is then recognized by antigen-presenting cells
bearing HLA-DQ2 or DQ8, thereby triggering the
autoimmune reaction of celiac disease.2 Given the
undisputable role of gluten in causing inflammation
and immune-mediated tissue damage, celiac disease represents a unique model of autoimmunity
in which, in contrast to all other autoimmune diseases, a close genetic association with HLA-DQ2,
DQ8, or both; a highly specific humoral autoimmune response (autoantibodies against tissue transglutaminase); and most important, the triggering
environmental factor (gluten) have all been identified. This information provides the rationale for
the treatment of the disease based on complete
avoidance of gluten-containing grains, a task complicated by the lack of a clear food-labeling policy.
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Epidemiologic studies conducted during the
past decade, using specific and sensitive serologic
tests, have revealed that celiac disease is one of the
most common lifelong disorders in both Europe4
and the United States.5 The clinical presentation of
this condition can range from the typical syndrome
of malabsorption (chronic diarrhea, weight loss,
and abdominal distention) to symptoms and conditions that can affect any organ system (Table 1).5
Since the onset of celiac disease may be atypical or
even silent, many cases remain undiagnosed and
thus carry a risk of long-term complications, including osteoporosis, infertility, and cancer.
In this issue of the Journal, the article by Mäki
and coworkers confirms that celiac disease often
goes undiagnosed, even in a country such as Finland, where the level of awareness of the disease
is high.6 Using the most sensitive and specific serologic tests available — tests for endomysial and
tissue transglutaminase antibodies — combined
with HLA typing, the authors screened a cohort of
children whose serum samples had been collected
seven years earlier. Fifty-six had positive serologic
tests, only 10 (18 percent) of whom had been given
a diagnosis of celiac disease between the serum
Table 1. Atypical Clinical Manifestations of Celiac Disease.
Diabetes
Anemia
Osteoporosis or other bone diseases
Chronic fatigue
Autoimmune disorders
Gastrointestinal cancer
Dermatitis herpetiformis
Behavioral changes
Irritable bowel
Miscarriage
Neurologic symptoms (including ataxia)
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collection in 1994 and screening in 2001. In 27 children, the diagnosis was confirmed by an intestinal
biopsy at follow-up in 2001, suggesting that the
prevalence of celiac disease among Finnish children
is 1 case in 99 children. The prevalence of the celiac
disease trait, defined as seropositivity for autoantibodies and an HLA haplotype associated with celiac
disease, was even higher: 1 case in 67 children.
These results raise many interesting questions.
How can a disease that, if not treated, is associated
with a high rate of morbidity and increased mortality not be segregated by genetic evolution and thus
remain one of the most frequent genetically based
disorders in humans? One possible explanation is
that gluten, a protein introduced in large quantities
into the human diet only after the advent of agriculture, activates “by mistake of evolution” mechanisms of innate immunity (such as the zonulin
pathway7,8) that are too important to the survival
of the species to be eliminated.
Another question concerns the variables that
dictate the duration of clinical latency and the type
of symptoms that occur once celiac disease becomes
clinically apparent. In recent years, the age at the onset of symptoms has increased and the clinical presentation has changed. These changes seem to be
associated with the introduction of smaller amounts
of gluten into the diet at older ages.
A third question concerns the complications of
untreated celiac disease. Multiple studies that have
focused on the biochemistry and toxicity of glutencontaining grains and the immune response to
these grains suggest that patients with celiac disease
should be treated, whether or not they have symptoms or associated conditions. However, no welldesigned prospective clinical studies have addressed
this point, nor do such studies seem likely to, given
the ethical implications. Nevertheless, there is general agreement that persistent mucosal injury, with
or without typical symptoms, can lead to serious
complications in adults with celiac disease who do
not strictly comply with a gluten-free diet.2
Perhaps the most controversial issue raised by
the findings of Mäki and coworkers is the question
of who should be screened for celiac disease. The
prevalence of the disease and the burden of illness
related to this condition, particularly if it is not treated, are so high as to potentially support a policy of
screening of the general population. Celiac disease
satisfies the five criteria of the World Health Organization for justifying general screening.9 First, early
clinical detection of the disease could be difficult,
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as suggested by Mäki et al. Second, with an overall
prevalence approaching 1 percent,2 celiac disease
is a common disorder, causing substantial morbidity in the general population. Third, the screening
tests for celiac disease are highly sensitive and specific, as demonstrated by many reports in the literature, including that by Mäki et al. Fourth, a treatment
for the disease — a gluten-free diet — is available.
Finally, if it remains unrecognized, celiac disease
could increase the risk of life-threatening complications that are difficult to manage, such as intestinal
lymphoma.
Nevertheless, the justification for screening of
the general population for celiac disease will depend on the results of comprehensive, well-performed cost-effectiveness analyses. Although it is
well established that complications may develop
in the absence of treatment, the natural history of
undiagnosed celiac disease remains unclear. Published studies have necessarily been limited to patients who have received a clinical diagnosis, an approach that ultimately leads to a biased estimate of
the risks.2 Despite the high sensitivity of the serologic tests for celiac disease, the positive predictive
value of these tests decreases when they are used in
the general population rather than in groups at increased risk.2
The appropriate age for screening and the need
for periodic repetition of screening to rule out lateonset gluten sensitization are unclear.2 The difficulties of treating patients with apparently silent
celiac disease should also be considered. A five-year
follow-up study revealed a 30 percent decrease in
adherence to the gluten-free diet among patients
in whom the disease was detected by screening, as
compared with age-matched patients with symptomatic celiac disease identified during a regular diagnostic workup.10 At the moment, the best epidemiologic approach to the diagnosis of celiac disease
seems to be a systematic process of case-finding in
which patients with symptoms or conditions, both
typical and atypical (Table 1), known to be associated with the disease are targeted. Because of the high
rate of morbidity related to untreated celiac disease
and the typical delay in diagnosis,2 increased awareness of the disease on the part of health care professionals, especially primary care physicians, and
a low threshold for the use of serologic tests are pivotal both to alleviate the social and personal costs
of the disease and to increase the quality of life of
the many patients affected by celiac disease.
Dr. Fasano reports having served as a paid lecturer to Prometheus.
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Errors Today and Errors Tomorrow
Donald M. Berwick, M.D.
If the Institute of Medicine is right, then at the
very least, 100 patients will die in hospitals in the
United States today because of injuries from their
care, not from their diseases. How many will die
tomorrow?
Tom Nolan, one of the leading quality-improvement scholars of our time, identifies three essential
preconditions for improvement: will, ideas, and execution.1 Improvement requires will, because durable improvement is not an accident; it takes effort.
Left alone, systems tend to deteriorate. Roads decay
until someone decides to repair them. Patients will
suffer injuries from care until someone decides otherwise.
Improvement requires ideas, because new results cannot come from old methods. All improvement is change. Until you change your grip, you will
continue to slice the golf ball. Until hospitals care
for the skin differently, pressure sores will occur at
the same familiar rate.
Improvement requires that changes be executed
— put into practice, tried out in the real world, adjusted, and if they work, stabilized. Until real care
actually changes for real patients in real beds, injury
rates will stay the same.
In a series of nine recent articles on patient safety, the Journal has created resources of archival value
related to two of Nolan’s three essentials: will and
ideas. At least four of these articles help to build will
for change: Leape’s description of the value of sophisticated systems for reporting adverse events2;
Burke’s exploration of the causes and consequences of one type of injury — nosocomial infections —
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that may take 90,000 lives per year3; the report by
Gandhi and her colleagues showing that adverse
drug events are more common, though less severe,
in outpatient settings than in inpatient settings4;
and the disturbing findings by Blendon and his colleagues on the relative blindness of physicians to
the frequency and severity of medical errors, even
though they often notice errors in their own care
or that of family members.5 Ideas for change also
abound in the series, both in terms of technical
changes (such as minimizing the occurrence of retained instruments and sponges after surgery6 and
exploiting the power of innovations in information
technology to reduce the rate of patient injuries7)
and in terms of cultural changes — a harder nut to
crack (such as reducing the acceptance of extreme
fatigue as a mark of a good training program, improving working conditions for nurses,8 and using
better methods to investigate injuries to patients and
help patients, families, and involved staff members
to heal9).
My favorite among these articles is the one by
Volpp and Grande, respectfully entitled “Residents’
Suggestions for Reducing Errors in Teaching Hospitals.”10 It is misnamed. The title should have been
“A Cry for Help,” or perhaps “Is Anyone Out There
Listening?”
From their trenches, these careful observers
tell us what life is really like for the young trainees
who are struggling every day to protect the patient,
against the odds. They write without a hint of selfrighteousness or whining, but their words sting.
They call information transfer “remarkably haphaz-
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