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INTRODUCTION: Celiac disease can be treated by following a strict
gluten-free diet for life. If properly followed, the diet resolves symptoms
and nutritional deficiencies. It is generally recommended that individu-
als with celiac disease have careful long-term follow-up. However, it is
not clear which elements of disease status evaluation, laboratory inves-
tigations and self-management support should be included in follow-up.
OBJECTIVES: To examine the current practice guidelines and recom-
mendations regarding follow-up of individuals with celiac disease.
METHODS: Guidelines issued by gastroenterological societies and
associations, and recommendations by experts were retrieved using
MEDLINE and other Internet search engines.

RESULTS: Practice guidelines were available from the American
Gastroenterological Association; the North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition; the National
Institutes of Health Consensus Development Conference 2004; the
World Gastroenterology Organization; the British Society for
Gastroenterology and the United Kingdom-based Primary Care Society
for Gastroenterology. Most guidelines recommended a scheduled annual
review and regular measurements of body mass index. The British
Society for Gastroenterology recommended dietary review only at times
of stress, while others recommended dietary review with a nutritionist.
All associations recommended serial tissue transglutaminase antibody
testing. The American Gastroenterological Association and the
Primary Care Society for Gastroenterology recommended annual
hemoglobin, ferritin and folate checks. One guideline recommended
annual hemoglobin, electrolyte, calcium, albumin, ferritin, folate, fat-
soluble vitamin, liver function test, parathyroid hormone and bone den-
sity measurements (approximately $400 per patient).
CONCLUSIONS: The current practice guidelines regarding the
follow-up of patients with celiac disease varied greatly in their recom-
mendations and many were not evidence-based. Prospective studies are
required to develop rational, cost-effective and risk-stratified guidelines
for long-term follow-up of these patients.
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Le suivi a long terme de personnes atteintes de
la maladie cceliaque : Une évaluation des
lignes directrices courantes

INTRODUCTION : Il est possible de traiter la maladie cceliaque au
moyen d’un régime sans gluten strict pendant toute la vie. Bien respecté,
le régime fait disparaitre les symptomes et les carences nutritionnelles. Il
est généralement recommandé d’assurer un suivi attentif et prolongé
aupres des personnes atteintes d’une maladie cceliaque. Cependant, on ne
sait pas quels éléments de I'évaluation de 'état de la maladie, des explo-
rations de laboratoire et de l'autogestion devraient étre inclus dans le
suivi.

OBJECTIFS

courantes au sujet du suivi des personnes atteintes d'une maladie cce-

: Examiner les lignes directrices et recommandations

liaque.

METHODOLOGIE : On a extrait les lignes directrices publiées par les
sociétés et associations de gastroentérologie et les recommandations d’ex-
perts dans MEDLINE et d’autres moteurs de recherche par Internet.
RESULTATS : L’American Gastroenterological Association, la North
American Society for Pediatric Gastroenterology, Hepatology and Nutrition, la
conférence de développement de consensus 2004 des National Institutes of
Hedlth, 'Organisation mondiale de gastroentérologie, la British Society for
Gastroenterology et la Primary Care Society for Gastroenterology du
Royaume-Uni disposaient de lignes directrices. La plupart de ces lignes
directrices recommandaient une analyse annuelle planifiée et des mesures
régulieres de l'indice de masse corporelle. La British Society for
Gastroenterology recommandait une analyse alimentaire seulement en
période de stress, tandis que les autres optaient pour une analyse alimen-
taire avec un nutritionniste. Toutes les associations recommandaient une
détection sérielle des anticorps de la transglutaminase dans les tissus.
L American Gastroenterological Association et la Primary Care Society for
Gastroenterology recommandaient une vérification annuelle de 'hémoglo-
bine, des électrolytes, du calcium, de l'albumine, de la ferritine, des
folates, des vitamines liposolubles, de la fonction hépatique, de 'hormone
parathyroide et de la densité osseuse (environ 400 $ par patient).
CONCLUSIONS : Les recommandations contenues dans les lignes
directrices courantes au sujet du suivi des patients atteints de la maladie
cceliaque variaient considérablement, et bon nombre d’entre elles n’é-
taient pas fondées sur des faits probants. Des études prospectives sont
nécessaires pour élaborer des lignes directrices rationnelles, rentables, et
stratifiées selon le risque pour assurer le suivi a long terme de ces patients.

eliac disease (gluten-sensitive enteropathy) is an autoim-

mune disorder that is estimated to affect 0.5% to 2.0% of
the general population (1). It is treated by lifelong abstinence
from ingestion of gluten, a cereal protein present in wheat,
barley and rye. Traditionally, celiac disease has been consid-
ered to be a malabsorptive syndrome of childhood, presenting
with abdominal pain, diarrhea, bloating and failure to thrive
(2). As a result, it is not commonly diagnosed in adults, and

the true prevalence of the disease is underestimated. Recent
studies have shown that celiac disease is much more common
than previously realized. The prevalence of celiac disease in
the United States has been found to be one in 133 people
(3). In adults, celiac disease may present with nongastroin-
testinal symptoms such as iron deficiency anemia, decreased
bone density, neurological symptoms or dermatitis herpeti-
formis (4). Many individuals at high risk are now screened for
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celiac disease by serological testing with an anti-tissue trans-
glutaminase antibody (tTG) or an endomysial antibody (5).
With the advent of population screening, it was apparent
that many individuals have ‘silent’ celiac disease, which is
not manifested by intestinal symptoms, and that only the most
symptomatic individuals were being identified, diagnosed and
were prescribed a gluten-free diet (GFD) (6). Nevertheless,
when asymptomatic individuals are identified by screening,
those who adhere to a GFD do report a significant increase in
their health-related quality of life in the short term (7) and
compliance rates as high as their symptom-detected counter-
parts in the long term (8). This suggests that there is some
health-related impact of so-called ‘silent’ celiac disease.
Further evidence of the insidious burden of undiagnosed (and
untreated) celiac disease was provided by a Finnish retrospec-
tive study (9) in which adults with elevated tTG and
endomysial antibodies who had not received a diagnosis of
celiac disease and who had consumed a gluten-containing diet
had lower levels of educational and socioeconomic achieve-
ment than those who had been diagnosed with celiac disease
in childhood and had adhered to a GFD.

Population studies have shown that celiac disease is associ-
ated with increased incidences of malignancy, particularly lym-
phoma, and autoimmune disorders, including type I diabetes
and thyroid disease (2). Undiagnosed or poorly treated celiac
disease has been associated with osteoporosis, iron deficiency
anemia, depression and infertility, all of which are ameliorated,
to some extent, by a GFD (10). These observations point to
the importance of continued adherence to the GFD to amelio-
rate symptoms, avoid nutritional deficiencies and improve
quality of life. Nevertheless, a significant proportion of
patients do not adhere to a GFD. Those diagnosed in early
childhood have consistently been shown to have the highest
rates of compliance, with over 80% self-reporting strict adher-
ence to a GFD later in childhood or in early adulthood
(11,12). The rate of adherence to a GFD decreases with age of
diagnosis, and has been reported to be 56% to 83% in those
diagnosed as adolescents and less than 50% in those diagnosed
as adults (13). In one study (14) with a long-term follow-up
period, 50% of patients diagnosed in childhood still consumed
a strict GFD a mean of 28 years after diagnosis. In the same
study, only 22% of individuals with celiac disease were fol-
lowed by a gastroenterologist.

Much of the literature pertaining to celiac disease relates
to diagnosis. The implications of treatment and follow-up
have not been explored as thoroughly. This is reflected in the
available practice guidelines for the diagnosis and manage-
ment of celiac disease, many of which either do not mention
or do not specify long-term follow-up of individuals with celiac
disease. With limited access to a gastroenterologist, more and
more patients are followed by their family physicians.
Succinct and standardized practice guidelines would assist
family physicians and gastroenterologists who follow individ-
uals with celiac disease in providing care that is comprehen-
sive and cost-effective. Because this disorder has such a high
prevalence, long-term follow-up of patients with celiac disease
could have a significant economic impact on the health care
system.

The purpose of the present study was to examine the
currently available practice guidelines for the follow-up of
individuals with celiac disease and to evaluate the evidence for
these recommendations.
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METHODS

Identification of practice guidelines

Practice guidelines for the diagnosis, management and follow-up
of celiac disease were retrieved using the search strings ‘celiac
disease practice guidelines’ and ‘coeliac disease practice guide-
lines’ in PubMed and other Internet search engines. In
PubMed, guidelines issued by the North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition
(NASPGHAN) (15), the American Gastroenterological
Association (AGA) technical review (10) and the June 2004
National Institutes of Health (NIH) Consensus Development
Conference were found (16). Other search engines located the
2001 AGA position statement (17), as well as guidelines
issued by the World Gastroenterology Organization (18), the
British Society for Gastroenterology (BSG) (19) and the
United Kingdom-based Primary Care Society for
Gastroenterology (PCSG) (20). The World Gastroenterology
Organization guidelines did not refer to the need for long-term
follow-up of individuals diagnosed with celiac disease (18).
Therefore, only the AGA, the PCSG, the BSG, the NIH and
the NASPGHAN guidelines, each of which included at least
some mention of long-term monitoring and follow-up, were
considered for analysis. These were compared with a compre-
hensive model for the long-term management of celiac disease
outlined by Pietzak (13).

Cost of laboratory tests

The reference values for the cost of laboratory tests were pro-
vided by the Department of Laboratory Medicine at the IWK
Health Centre, Dalhousie University (Halifax, Nova Scotia).
The amounts are expressed in Canadian dollars.

RESULTS

Most guidelines recommended a scheduled annual visit for
individuals with celiac disease. An exception was the BSG,
which recommended “review at times of stress, whether this
be physical or emotional” (19), as well as review during preg-
nancy because of the increased risk of neural tube defects asso-
ciated with folic acid deficiency. Table 1 compares the
guidelines that recommended routine follow-up of individu-
als with celiac disease with respect to disease status evaluation,
laboratory and radiological investigations, and self-
management support.

Disease status evaluation

The guidelines varied most widely in the degree in which the
nature and content of the follow-up visit were detailed, and
the specific investigations that were recommended (13,15-20).
Nevertheless, they all incorporated elements of disease status
evaluation, investigations and self-management support
(Table 1). It was generally agreed that disease status evaluation
should include questions about symptoms, and measurements
of weight, height and/or body mass index.

More detailed physical examination was specifically men-
tioned by the NASPGHAN (15) and by Pietzak (13), who
advocated a detailed physical examination “aimed at screening
for signs and symptoms of other autoimmune disorders, gastroin-
testinal cancers, and refractory sprue”. There is little evidence
provided to support this recommendation, which is different
from the NIH consensus statement (16), which stated that “no
established approach exists to screen for all complications of
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TABLE 1
Comparison of practice guidelines for long-term follow-up
of individuals with celiac disease

Pietzak, AGA, BSG, NIH, NASPGHAN, PCSG,
2005 2001 2002 2004 2005 2006

Category (13) (17) (19) (16) (15) (20)
Disease status evaluation
Assess symptoms v v v v v
by interview
Measure weight, v v v v
height and BMI
Physical examination v v
Laboratory investigations
Serology 4 v v v
(tTG antibody)
Hemoglobin or CBC v 4 v
Folate v v v
Ferritin v v v
Albumin v v
Calcium v v v
Electrolytes v
Vitamin By, v
Vitamins A and E v
Vitamin D v v
Prothrombin time v
Alkaline phosphatase v 4 v
Parathyroid hormone v
Liver function tests v
Radiology investigations
DEXA scanning v v
Self-management support
Dietary review with v v v v
a dietician
Reinforce need for v v v
adherence
Membership in v v v v v v

advocacy group

AGA American Gastroenterological Association, BMI Body mass index; BSG
British Society for Gastroenterology; CBC Complete blood count; DEXA Dual
energy x-ray absorptiometry; NASPGHAN North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition; NIH National Institutes
of Health; PCSG Primary Care Society for Gastroenterology; tTG Tissue
transglutaminase antibody

celiac disease, including lymphoma and adenocarcinoma of
the small bowel”.

Laboratory investigations

The BSG guidelines recommended “monitoring for complica-
tions” (19) as part of the long-term follow-up of individuals
with celiac disease, but did not specify further what is intended.
All the other guidelines referred to serological testing for anti-
bodies (either tTG or others not specified) as part of the
follow-up of individuals with celiac disease (10,13,15-18,20).
The strength of this recommendation varied from “routine”
(13,15,16,20) to “possibly useful” (10).

The BSG (19), the NIH (16) and the NASPGHAN (15)
did not recommend any routine investigations other than sero-
logical screening. Pietzak (13) recommended a battery of tests,
including a complete blood count and iron studies, as well as
folate, vitamins A, D and E, electrolytes, albumin and total
protein, liver function and prothrombin time measurements.
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TABLE 2

Costs of laboratory tests

Laboratory investigation Cost ($)
Serology (tissue transglutaminase antibody) 28.00
Complete blood count 7.34
Red blood cell folate 18.80
Ferritin 18.80
Albumin 2.81
Calcium 3.86
Electrolytes 713
Vitamin B, 12.53
Vitamin A 27.65
Vitamin D 59.35
Vitamin E 27.55
Prothrombin time 4.52
Alkaline phosphatase 3.89
Parathyroid hormone 61.33

Liver function (alanine aminotransferase, aspartate aminotransferase) 7.78

TABLE 3

Costs of recommended laboratory tests

Reference Cost ($)
Pietzak (13) 278.81
Primary Care Society for Gastroenterology (20) 155.38
American Gastroenterological Association (17) 52.69
National Institutes of Health (16) 28.00
NASPGHAN (15) 28.00

NASPGHAN North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition

Testing for serum By, was not recommended by Pietzak (13)
but was recommended by the PCSG (20). The AGA (17) and
the PCSG (20) both recommended a subset of the tests rec-
ommended by Pietzak (13), including a complete blood count,
iron studies, and folate and alkaline phosphatase levels. Only
the PCSG (20) cited evidence for these recommendations
within the guidelines; however, the evidence cited often
referred to other guidelines in which specific evidence was not
provided.

Radiology investigations

With respect to dual energy x-ray absorptiometry (DEXA)
scanning to assess bone mineral density, Pietzak (13)
recommended that it be repeated on an annual basis following
diagnosis. The only guideline that mentioned DEXA scanning
as part of routine follow-up was the PCSG (20), which recom-
mended scanning at menopause for women, at 55 years of age
for men and at any age following fragility fracture. These rec-
ommendations did not differ significantly from the guidelines
for the general population (21).

Cost of recommended follow-up

The cost of each of the laboratory tests included in the recom-
mendations is listed in Table 2 and the total cost of each of the
prescribed panels is listed in Table 3. The cost of DEXA scan-
ning is approximately $200. Because most guidelines do not
recommend DEXA scanning during follow-up, the cost of this
investigation is not included in the tables.
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DISCUSSION

Disease status evaluation

Disease status evaluation includes assessing the patient’s suc-
cess in refraining from ingesting gluten, as well as assessing
whether the patient has symptoms or signs of any of the condi-
tions or diseases that can complicate celiac disease. With
respect to the first goal, there is evidence that interview is
effective in assessing dietary compliance and correlates with
small intestinal biopsy results (22). With respect to the second
goal, malignancies and autoimmune disorders have been asso-
ciated with celiac disease; however, the evidence to support
routine screening for these conditions is equivocal.

Individuals with celiac disease have been shown to have a
30% increased risk of malignancy compared with the general
population (23,24). The malignancy most strongly associated
with celiac disease is non-Hodgkin’s lymphoma, of which
enteropathy-associated T cell lymphoma is a subtype. Early
studies estimated that people with celiac disease were at as
high as 43 times the risk of the general population for develop-
ing non-Hodgkin’s lymphoma (25), but subsequent population
studies suggested that this was an overestimation (24,26,27).
These discrepancies may be explained by the relationship
between the risk of malignancy and adherence to a GFD; how-
ever, the precise nature of this relationship is controversial
(28). Askling et al (24) observed a trend toward normalization
of the RR of lymphoma over time, which suggests that studies
to date may have been confounded by the fact that, histori-
cally, celiac disease has been underdiagnosed, particularly
among those with less severe symptoms.

Similar to malignancy, the degree of increased risk of
developing autoimmune disease among individuals with celiac
disease is unclear. The literature is dominated by studies
showing the prevalence of celiac disease among those with an
autoimmune disorder, but there is less information on the
prevalence of autoimmune disorders among those with celiac
disease. A study (29) of 335 individuals living in Finland who
had been diagnosed with celiac disease a mean of 5.3 years
previously showed that autoimmune disorders were significantly
more prevalent in this group than in an age- and sex-matched
control population of patients with other gastrointestinal
disorders. The autoimmune disorders included type I diabetes
mellitus (5.4%; OR 3.8), autoimmune thyroiditis (5.4%; OR
2.1), Sjogren syndrome (3.3%; OR 11.3) and connective tissue
disorders (7.2%; OR 2.8). The risk of developing these
disorders appears to be proportional to the age of diagnosis
(30,31), but the association with duration of gluten exposure is
less clear (31,32). Accordingly, for children diagnosed with
celiac disease at two years of age or younger, the risk of devel-
oping an autoimmune disorder seems to be the same as that of
the general population.

The temporal relationship between celiac disease and the
onset of type I diabetes suggests that celiac disease precedes the
onset of diabetes (33). Also, the prevalence of associated
autoimmune disorders in the above studies was lower in the
pediatric population (23%) than in the adult population
(30%). Therefore, one may consider screening individuals with
celiac disease for autoimmune disorders at diagnosis and during
routine follow-up, particularly those who are diagnosed in
adulthood. However, caution is warranted, because an increased
prevalence may not be sufficient to justify a targeted screening
program; there is no effective laboratory screening tool that can
be used in clinical practice to detect the autoimmune diseases
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commonly associated with celiac disease in their early (pre-
clinical) stages. Moreover, there is no established treat-
ment to prevent the onset of these diseases, especially type I
diabetes. Thus, it may be more helpful and effective to edu-
cate patients to be vigilant about the symptoms of these
autoimmune disorders and to consult their health care provider
early if they experience these symptoms. In follow-up visits,
specific questions may be asked to elicit information about the
presence of any clinical signs and symptoms of these disorders.

Laboratory investigations

The guidelines were most divergent with respect to which
laboratory investigations should be performed routinely in the
follow-up of individuals with celiac disease, especially in terms
of screening for nutritional deficiencies. This is not surprising,
given that there are relatively few studies that have considered
the utility of follow-up laboratory screening for nutrient defi-
ciencies. Instead, they have focused on identifying which defi-
ciencies are detected at diagnosis, or in patients with untreated
or poorly treated celiac disease. There are few studies
addressing this issue in patients who are compliant with a
GFD. Therefore, many of the recommendations were based on
the findings of these studies or of studies comparing the nutri-
tional content of the GFD to a regular diet. A major weakness
of the latter studies is that they have focused on comparing
gluten-free grains to regular (gluten-containing) grains and
have not considered the diet in its entirety (34,35). When
total dietary intake, as recorded in a three-day food diary, was
considered, although individuals with celiac disease had less
than the recommended intake of fibre, calcium and iron, they
consumed higher levels of calcium and fibre than the partici-
pants in the National Health and Nutrition Examination
Survey (NHANES) (36). Although it is not clear whether
supplements were included in the calculation of dietary intake,
91% of participants reported taking a vitamin or mineral sup-
plement (72% multivitamin or multimineral, 70% calcium
and 15% iron). In a similar study, Italian teenagers with celiac
disease following a GFD were found to consume less than the
recommended intake of iron, calcium and fibre, but they con-
sumed equivalent amounts to a control group without celiac
disease who were on a regular diet (37).

tTG antibody serology: Serology has been shown to have poor
specificity and sensitivity for detecting either adherence to a
GFD or resolution of small intestinal villous lesions. In a study
by Kaukinen et al (38), tTG antibody serology was negative in
59% of patients with Marsh III villous atrophy on a GFD, and
the sensitivity of tTG antibody testing in detecting these
lesions was only 41%. Furthermore, at follow-up, Tursi et al
(39) found that the proportion of patients with persistent
lesions who were tTG antibody positive declined over the
course of the study from 32% (11 of 34 patients) at six months
to 6% (one of 17 patients) at 12 months to 0% (zero of
six patients) at 18 months after inception of a GFD. Even in a
multicentre European study (40) that concluded that tTG
antibody testing was useful in monitoring dietary compliance,
60% of those who admitted to being noncompliant were tTG
antibody negative. These data indicate that a negative tTG
antibody test cannot be equated with either consumption of a
strictly GFD or complete resolution of small intestinal lesions.

Iron studies: Iron deficiency anemia is common at the time of
diagnosis of celiac disease. It may be the presenting feature and
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usually resolves with a GFD. In a study of patients in whom
iron deficiency anemia was the presenting feature of celiac dis-
ease, 77.8% recovered from their anemia after six months on a
GFD without iron supplementation, and 50% were no longer
iron deficient after 12 months on a GFD (41). Those who did
not recover from iron deficiency were premenopausal women
who suffered menstrual blood loss. After one year on the GFD,
94.4% of patients had recovered from their anemia. One
patient who had not recovered in that study was an elderly
woman with long-standing anemia (20 years) and presumed
bone marrow hypofunction. Similar results were obtained in a
study (42) of children with celiac disease in India, 81% of
whom were no longer anemic after six months on a GFD. In
the adult study (41), clinical symptoms were inversely corre-
lated with serum hemoglobin concentration, which was, in
turn, inversely correlated with duodenal biopsy scores.
Moreover, in a long-term follow-up study of 30 individuals
with celiac disease who had adhered to a GFD for 10 years,
none were iron deficient (43). Altogether, these results suggest
that, in the absence of clinical symptoms or signs of anemia,
the usefulness of iron studies as part of routine follow-up of
patients with celiac disease is minimal.

Folate and vitamin B;, measurements: In a long-term study
(43) of 30 adults in Sweden with celiac disease, whose adher-
ence to a GFD was confirmed by follow-up duodenal biopsy
10 years after diagnosis, 37% had low levels of vitamin B, and
20% had low levels of folate, despite consuming more than the
Nordic nutrition recommendation of vitamin By. All con-
sumed more than the recommended amount of vitamin B,
and none were vitamin B,,-deficient. Notably, there was a
poor correlation between dietary intake and plasma levels of
micronutrients (r<0.18). These results are consistent with a
study (44) of 37 individuals from Finland with celiac disease in
which 79% of those individuals who had low red blood cell
folate and 83% of those individuals who had low vitamin B,
at diagnosis improved to normal levels within 12 months of
treatment with a GFD. In a Scottish study (45) of 39 consecu-
tive individuals diagnosed with celiac disease, those who were
vitamin By, deficient at diagnosis had normal serum levels of
the vitamin a mean of four months after commencing a GFD
without vitamin supplementation. These results have been
confirmed by an Italian study (46) in which folate and vitamin
B, deficiencies present at the time of diagnosis of celiac dis-
ease resolved with a GFD. These studies suggest that the
majority of patients who are folate- or vitamin B,,-deficient
recover within one year of starting a GFD without supplemen-
tation.

The degree of vitamin By, and folate deficiency among
individuals with celiac disease was similar to those of the gen-
eral population of the United States before widespread folic
acid fortification. The increase in folate levels has been quite
recent. Between 1988 and 1994, the prevalence of low red
blood cell folate was 45.8%, and it decreased to 7.3% between
1999 and 2000 (47).

Taken together, these data suggest that the level of folate and
vitamin B, , deficiency among individuals with celiac disease may
not differ significantly from that of the general population, and
that dietary supplementation is an efficient way to correct the
deficiency among the general population. Gluten-free grain
substitutes generally contain lower levels of these micronutrients
than their gluten-containing counterparts, which tend to be
fortified (34,35). There is insufficient evidence to determine
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whether it is worthwhile to screen individuals with celiac disease
for these deficiencies as part of routine follow-up care.

Calcium status: Many of the guidelines recommend that
investigations to assess calcium status and/or bone mineral
density be included as part of the routine follow-up. The BSG
published a separate guideline (48) pertaining to osteoporosis
in individuals with celiac disease, in which the recommenda-
tions did not differ significantly from those for the general
population (21). As with other deficiencies, Pietzak (13) had
the most comprehensive screening panel and recommended
determination of serum calcium, vitamin D, alkaline phos-
phatase and parathyroid hormone levels, as well as annual
DEXA scanning. The AGA (17) and the PCSG (20) both rec-
ommended assessment of serum alkaline phosphatase levels,
while the BSG (19), NIH (16) and NASPGHAN (15) did not
recommend any of these investigations. These recommenda-
tions are not supported by the evidence, which shows that for
individuals with celiac disease, serum calcium, parathyroid
hormone and alkaline phosphatase levels are not predictive of
bone mineral density measured by DEXA scanning (49).
Although DEXA scanning should be the preferred choice for
assessing calcium and bone status in individuals with celiac
disease, the studies evaluating its use were typically small and
produced discordant results.

It has long been known that at the time of diagnosis, the
prevalence of osteomalacia is greater among individuals with
celiac disease than in the general population (50). However,
in clinical practice, the detection rate of routine DEXA scan-
ning at diagnosis does not justify the cost, and the recom-
mendation to assess bone mineral density at diagnosis has
been retracted by its initial proponents (51). The role of
DEXA scanning after diagnosis is less clear, owing to the
uncertain effect of a GFD on bone mineral density.
Individuals diagnosed in childhood who adhere to a GFD
have a higher rate of bone density increase than their peers
(52) and a normal bone mineral density is achieved with
long-term adherence to a GFD (49,52-54). In adults who are
diagnosed with celiac disease and subsequently adhere to a
GFD, bone mineral density often increases during the first
year when a GFD is consumed but does not necessarily revert
to normal levels (55-57).

Another question regarding bone density and celiac disease
is whether the measured changes in bone mineral density are
associated with a clinically significant increased risk of fracture
(58,59). As well, decreased bone mineral density in individuals
with celiac disease does not seem to be associated with disease
severity or symptoms (51,56,60). The reason for these observa-
tions may be that the mechanism of decreased bone mineral
density in individuals with celiac disease is more complex and
multifaceted than initially realized. Specifically, although
decreased intestinal absorption of calcium and vitamin D, and
resultant secondary hyperparathyroidism, have been impli-
cated as causative factors, there is also evidence that the
process is mediated by associated proinflammatory cytokines
and is independent of nutritional status (57).

In light of these findings, there is insufficient evidence to
suggest whether the calcium levels should be evaluated as part
of routine follow-up of all patients with celiac disease.

Cost of recommended tests
The cost of recommended follow-up laboratory tests ranges
from $28.00 to $278.81. Given the paucity of evidence to
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support measurement of any of the laboratory parameters dis-
cussed above as part of routine follow-up of individuals with
celiac disease, there is a risk that strict adherence to any of
the guidelines that recommend laboratory investigations leads
to unnecessary and expensive serial testing in these individu-
als. With the prevalence of celiac disease being approximately
1%, this would be an enormous cost to the health care
system.

Self-management support

The purpose of follow-up: The purpose of follow-up, as out-
lined in the practice guidelines (13,15,16,19,20), is to monitor
for complications and to assess compliance. The need for com-
pliance is particularly important in the context of celiac dis-
ease, because there is no pharmacological treatment involved;
therefore, the onus is on the individual to self-manage their
condition by being vigilant about their adherence to a GFD.
Arguably, the health care team has a duty to empower the
individual to self-manage their chronic disease, both to opti-
mize health, and to minimize morbidity and mortality (61).
Given that many complications are associated with continued
consumption of gluten, it is prudent to consider the experience
of individuals with celiac disease, the challenges they face and
whether they feel sufficiently able to manage their own condi-
tion beyond their health care providers’ offices.

Dietary review with a dietician: Pietzak (13), the NIH (16),
the PCSG (20) and the NASPGHAN (15) all recommended
that dietary review with a dietician should be part of long-term
follow-up. Although the logic behind this seems clear, the evi-
dence for the effectiveness of this measure in improving adher-
ence to a GFD is limited. Nevertheless, there is some evidence
that compliance is related to knowledge of celiac disease (62).
Interestingly, when individuals with celiac disease are sur-
veyed, a significant number report that they do not find the
advice that they receive from a dietician to be very helpful
(12,63,64), and less than 13% identify better dietary coun-
selling as something that would improve their quality of life
(12,64).

Reinforcement of the continuing need for adherence to a GFD:
The majority of the guidelines (13,15,16,19,20) recommended
reinforcing the continuing need for compliance with the GFD at
follow-up visits. When individuals with celiac disease were sur-
veyed, over 90% reported that they attempt to adhere to the
GFD most of the time (12,64,65), which suggests that most indi-
viduals with celiac disease appreciate the need to comply with
the GFD. Given that even when compliance was assessed as
‘good’ (no gluten-containing food) by a trained interviewer,
9.4% of these individuals had intestinal damage (22). It is likely
that lack of adherence to the GFD may not stem from misinfor-
mation or lack of knowledge about the need to adhere to the
diet, but from the practical difficulties associated with adhering
to such a diet.

Uncertainty about the gluten content of products is
common and consistent with self-reports that gluten ingestion
is usually unintentional (12,64,66-68). The inadvertent inges-
tion of gluten can be due to inaccurate product labelling (69).
In a study (14) of 50 adults who had been diagnosed with celiac
disease as children in Ireland a mean of 28 years previously,
86% cited the inconvenience of adhering to a GFD as the
primary reason for intentional consumption of gluten; avoid-
ance of symptoms was the main reason individuals adhered to
the diet. This ‘inconvenience’ reflects the social and practical
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burdens of adhering to a GFD (70). In two large surveys of
children (12) and adults (64) with celiac disease, better prod-
uct labelling and more gluten-free foods in the supermarket
and restaurants were identified as changes that would most
improve their quality of life.

These practical and social burdens associated with the GFD
have been linked to the decreased quality of life reported by
individuals with celiac disease who had been following a GFD
for more than one year compared with individuals who did not
have celiac disease (71,72). In one study (73), individuals with
celiac disease who did not adhere to a GFD reported a higher
quality of life than those who did, suggesting that the effect
may be related to the impact of adhering to the diet and not to
the disease itself. The importance of considering and treating
psychological factors was suggested by a small, six-month
intervention in which a group of individuals, recently diag-
nosed with celiac disease, were provided with psychological
support in the form of stress management seminars and discus-
sions to identify problems related to celiac disease, the GFD
and daily life. These individuals were significantly more com-
pliant than those who did not receive this support (74).

Adherence to a GFD affects many aspects of an individual’s

functioning. Most importantly, from the health care provider’s
perspective, it must be recognized that compliance with a GFD
often requires considerable lifestyle modifications, impacts on
relationships with friends, family and colleagues, and is depend-
ent on environmental factors.
Referral to a local advocacy group: Members of celiac associa-
tions consistently report better compliance with the GFD than
studies of the entire celiac population (12,64,66,75). Whether
this represents a selection bias or a truly beneficial effect of
membership is uncertain. In a British survey (67) of individuals
with celiac disease a mean of 5.4 years after diagnosis, 50% of
respondents were unsure as to whether they had eliminated
gluten from their diet, even though 82% were members of
Coeliac UK and would, therefore, be expected to be reasonably
well informed. This suggests that while membership in an advo-
cacy group may be helpful, this does not fully ensure that indi-
viduals with celiac disease can confidently adhere to a GFD.

Other potential benefits of membership in an advocacy
group include the psychological support provided by others
who are struggling with the same condition, as well as contin-
uous provision of updated information regarding the disease,
the diet and gluten-free products. This is important, because
celiac disease has been identified as socially isolating (70), and
the marketplace for gluten-free products, as well as the gluten
content of existing products, is constantly changing.

What do individuals with celiac disease say?

There is a dearth of literature pertaining to the preferred form
of follow-up for individuals with celiac disease. When individ-
uals with celiac disease in the United Kingdom were surveyed
about their preference, a mean of 5.4 years after diagnosis, 77%
responded that they found an annual symptom review and
blood test to be useful, and 60% found the opportunity for
dietary review useful (67). Only 9% responded that general
reassurance was not useful. When this same group was asked
about which of the five forms of follow-up they preferred, no
follow-up was the least preferred option, despite the fact that
40% of respondents reported that they were not presently
receiving active follow-up for their celiac disease. Seeing a
dietician with a doctor available was the preferred option, and
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the preference for this option over seeing a hospital-based
physician was statistically significant.

This raises the question not only of which forms of follow-up
should be offered, but also who should be responsible for provid-
ing follow-up care. The need for long-term hospital follow-up of
individuals with celiac disease has been defended as necessary
because of the increased frequency of associated conditions, such
as malignancy, autoimmune disease and bone disease, which are
typically identified and managed by physicians (17). However,
the PCSG guidelines specify that it is the role of the general
practitioner to ensure that “the patient is reviewed annually
with or without the input of the gastroenterologist and/or
dietitian, depending on the needs of the patient” (20), the NIH
guidelines recommend “continuous long-term follow-up by a
multidisciplinary team” (16) and the NASPGHAN makes no
specific recommendation because of inadequate evidence (15).

No matter who follows individuals with celiac disease, the
medical management of the disease is only a small aspect of the
management, and follow-up should include developing coping
strategies and improving functioning, not simply measuring
laboratory parameters. Rather than condemn those individuals
with celiac disease who struggle with the complete elimination
of gluten from their diet, health care professionals must adopt
a more enlightened view that looks beyond noncompliance as
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an act of individual failure or defiance to consider the social
factors that render compliance difficult, even for the well-
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CONCLUSION
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comprehensive to incorporate an evaluation of the daily
challenges faced by those who attempt to adhere to a GFD. It
has not been determined to what extent the guidelines for
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reflected in practice. The investigations recommended in
some of the current practice guidelines, if applied to all
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and would incur significant costs to the health care system.
Prospective studies are required to develop evidence-based
and cost-effective strategies for the long-term follow-up of
individuals with celiac disease.
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