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Abstract
Celiac disease is a complex immune-mediated gluten-sensitive enteropathy with protean clinical manifestations. It is manifest in
genetically predisposed individuals who ingest gluten in varying amounts. In broad terms, it is thought to affect 1% of the
population in the USA. More specifically, the prevalence increases drastically from 1:133 in patients not-at-risk, to 1:56 in
symptomatic patients, to 1:39 in patients with a second-degree relative with the diagnosis, and to 1:22 in patients with a first-
degree relative with the diagnosis. It may be associated with several immune-mediated phenomena, autoimmune diseases, and
complicated by vitamin and other trace element deficiencies, bone disease, and malignancy. Our understanding of celiac disease
has evolved rapidly over the past two decades. This has led to several lines of enquiry on the condition and potential treatment
options. More recently, several entities including gluten intolerance, non-celiac gluten sensitivity, and seronegative celiac disease
have been described. These conditions are distinct from allergies or intolerance to wheat or wheat products. There are challenges
in defining some of these entities since a large number of patients self-report these conditions. The absence of confirmatory
diagnostic tests poses an added dilemma in distinguishing these entities. The differences in spectrum of symptoms and highlights
of the variability between the pediatric and adult populations have been studied in some detail. The role of screening for celiac
disease is examined in both the general population and Bat risk^ populations. Diagnostic strategies including the best available
serologic testing, utility of HLA haplotypes DQ2 and DQ8 which are seen in over 90% of patients with celiac disease as
compared with approximately 40% of the general population, and endoscopic evaluation are also reviewed. Comprehensive
nutritional management after diagnosis is key to sustained health in patients with celiac disease. Simple algorithms for care based
on a comprehensive multidisciplinary approach are proposed. Refractory and non-responsive celiac diseases in the setting of a
gluten-free diet are examined as are novel non-dietary therapies. Finally, the association of other disease states including
psychiatric illness, infertility, lymphoproliferative malignancy, and mortality is explored with special attention paid to autoim-
mune and atopic disease.
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Introduction

Celiac disease (CD) and non-celiac gluten sensitivity have
been seemingly novel topics of great discussion over the last
few years. Yet from a historical perspective, descriptions of
celiac disease are by no means novel. The first recorded ac-
count of the condition is attributed to the ancient Greek phy-
sician Aretaeus, who described in adult patients Ba chronic
disturbance of digestion and malabsorption, leading to a mal-
nourished state and whose symptoms are relieved with
fasting^ [1]. Samuel Jones Gee wrote of what he called the
BCoeliac Affection^ in 1888, as a chronic indigestion occur-
ring in persons of all ages but principally in children and
characterized by diarrhea and signs of malabsorption [1, 2].
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The disease was then known as BGee-Herter^ after Gee in
England and Christian Herter who described the disease in
the USA until the mid-twentieth century.

Perhaps the most significant and fascinating historical de-
scription of celiac disease came from Dutch pediatrician
WillemDicke during the 1930s and 1940s. During this period,
the accepted treatment of children with celiac disease centered
around a Bbanana diet^ or BFanconi diet^ consisting of fruits
and vegetables [2], but the potential toxicities of wheat inges-
tion had not yet been elucidated. Dicke proposed a wheat-free
diet in 1941 after discoveries he made when counseling fam-
ilies to experiment with various diets, including a wheat-free
diet, and report back to him. During the so-called winter of
starvation in World War II era in the Netherlands, the unavail-
ability of breads led to the clinical improvement of many of
Dicke’s patients with celiac disease and reintroduction of
breads saw drastic relapse of disease. Henceforth, the toxic
effects related to wheat became more generally accepted [2].

Definitions—Celiac Disease

There is a lack of consensus on the use of terms related to
celiac disease and disorders associated with ingestion of glu-
ten. Other historical terms which have been used as descrip-
tors of celiac disease include sprue, celiac sprue, gluten intol-
erance, and gluten-sensitive enteropathy. Approximately four
decades ago in 1970, the first consensus definition of celiac
disease was published in Acta Paediatrica. At that time, celiac
disease was defined as a permanent condition of gluten intol-
erance with mucosal flattening that (a) reversed on a gluten-
free diet (GFD) and (b) then relapsed on reintroduction of
gluten [3]. With increasing recognition of the broader spec-
trum of disorders associated with gluten ingestion, a collabo-
rative effort on extensive literature review on definitions was
published in 2013 as the Oslo definitions [4]:

Celiac Disease (CD) is defined as a chronic small intes-
tinal immune-mediated enteropathy precipitated by expo-
sure to dietary gluten in genetically predisposed
individuals.
Classical CD is defined as CD presenting with signs and
symptoms of malabsorption. Diarrhea, steatorrhea,
weight loss, or growth failure is required.
Non-classical CD refers to patients with CD but no as-
sociated features of malabsorption. Such patients may
present with constipation, abdominal discomfort, and
other symptoms not typically associated with
malabsorption.
Symptomatic CD is characterized by clinically evident
gastrointestinal and/or extraintestinal symptoms attribut-
able to gluten intake.

Gluten-related disorders is an umbrella term that en-
compasses all diseases triggered by gluten. These include
gluten ataxia, dermatitis herpetiformis (DH), non-celiac
gluten sensitivity, and CD.

In addition, it recommended that terms gluten intolerance,
overt CD (characterized by diarrhea, dyspepsia, and bloating
associated with gluten ingestion), and silent CD which is
equivalent to asymptomatic CD should not be used. Other
frequently used terms in the celiac literature include:

Latent CD is defined in varied ways. Perhaps the
encompassing definition is in patients with positive CD
serology with normal mucosa, absence of villous atrophy
(VA), and lack of symptoms. Latent CD has been used
interchangeably with potential CD. The termGenetically
at risk for CD refers to family members of patients with
CD that test positive for human leucocyte antigen (HLA)
DQ2 and/or DQ8. Genetic susceptibility to CD is contrib-
uted to by HLA and non-HLA genes which account for
approximately 65% of the predisposition [5].

Non-celiac Gluten Sensitivity

Non-celiac gluten sensitivity (NCGS) is characterized by celiac-
like symptom improvement after gluten withdrawal in absence of
serologic or histologic evidence of CD. It has also been defined as
a variety of immunological, morphological, or symptomaticman-
ifestations that are precipitated by the ingestion of gluten in indi-
viduals in whom CD has been excluded. For completeness of
diagnosis, there must be an absence of wheat allergy [6, 7]. The
estimated prevalence ofNCGS in theUSA is 0.548%, almost half
that of patients with CD [8]. More recent literature suggests that
symptoms in patients with self-reported NCGS may be precipi-
tated by fructan ingestion [9]. A recent double-blind, randomized,
placebo-controlled trial evaluating patientswithNCGS found that
reduction in dietary FODMAPs leads to a significant improve-
ment in symptoms and upon re-challenge of these patients with
gluten showed no specific or dose-dependent effects [10].

There are no definitive tests to confirm a diagnosis of NCGS;
however, this is an important distinction tomake for two reasons.
First, NCGSpatients do not appear to be at risk for the nutritional
deficiencies and associated-disease states that their CD counter-
parts may inherit. Second, the possibility for reintroduction of a
gluten-containing diet may exist for the NCGS group as well.

Seronegative Celiac Disease

One of the diagnostic challenges to emerge over the last few
years has been that of a group of patients with so-called
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seronegative celiac disease (SNCD), i.e., patients with duode-
nal mucosa damage Marsh I, II, and III stages, HLA DQ2/
DQ8 haplotype, and clinical features suggestive of CD but
negative for CD serology. A recent series of 200 patients over
a 16-year period shed some light on this group. Of patients
referred with seronegative villous atrophy (SNVA), up to 69%
were felt to have a cause other than CD; 27% were blamed on
infections, 17.5% on an immune or inflammatory process, and
6.5% on medications (particularly the angiotensin-2-receptor
blocker class of medications). SNCD was seen in 31% of
patients. The HLA-DQ2 and/or DQ8 genotype was present
in 61%, with a 51% positive predictive value for SNCD. For
18% of these patients, no identifiable cause was determined;
however, 72% of this group saw spontaneous resolution of
their villous blunting while consuming a diet rich in gluten.
To date, suffice it to say that the diagnosis of Bseronegative^
CD should be used with extreme caution, as most causes of
seronegative villous atrophy have an alternative and identifi-
able cause, and the histologic findings are often transient [11].

Pathophysiology

The term Bgluten^ refers to the alcohol-soluble protein frac-
tion of wheat and is a prolamin or storage protein. Rye and
barley have components that are extremely similar to wheat
gluten in amino acid sequence and while not technically glu-
tens, are often described as such in the literature [12]. Glutens
can be subdivided into the monomeric gliadins and polymeric
glutenins, and due to the abundance of proline and glutamine
amino acids in these proteins, gastrointestinal enzymatic di-
gestion is limited and yields rather large peptides, up to 33-
mer in length [12, 13]. Under normal physiologic conditions,
these large peptides translocate from the lumen to the lamina
propria via a transcellular or paracellular route [14, 15]. Some
studies suggest that gliadins can lead to a temporary increase
in gut permeability, even in normal individuals, the result of
which seems to have no clinical significance [12, 16, 17]. In
addition to the genetic factors and proposed environmental
factors, the pathogenesis of CD involves both the innate and
adaptive immune systems. A great deal has been learned about
the pathogenesis of CD, the adaptive and innate responses,
and their interplay over the last few decades. In the adaptive
immune response, gluten is deamidated by tissue
transglutaminase when it reaches the lamina propria, increas-
ing its immunogenicity. The gliadin fragments are bound by
HLA-DQ2 or HLA-DQ8 on antigen-presenting cells, and in
turn activate CD4+ T cells. ATh1 response mediated by IFN-
gamma [18] and to a lesser extent a Th2 response ensues,
leading to a pro-inflammatory, tissue destructive, and remod-
eling cascade through matrix metalloproteinases. The Th2 re-
sponse may lead to further production of antibodies to tissue
transglutaminase and gluten; the implication of which is

unclear but may play a role in the development of extraintes-
tinal CD [19, 20]. In the innate immune response within the
epithelial layer, gliadin stimulates secretion of IL-15 which
leads to the upregulation of natural killer receptors on
intraepithelial lymphocytes, enhancing cell death and perme-
ability of the gut wall [21].

Genetic Factors

It is well-established that CD occurs almost exclusively in the
presence of the HLA-DQ2 or HLA-DQ8 haplotypes [22, 23].
The HLA-DQ2 haplotype (DQA1*0501/DQB1*0201) is
expressed in approximately 90% of patients with CD. In con-
trast, it is expressed in approximately 30 to 40% of the general
population. HLA-DQ8 haplotype (DQA1*0301/DQB1*0302)
is expressed in another 5% of patients, and almost all the
remaining 5% of patients have at least one of the two genes
encoding DQ2 (DQB1*0201 or DQA1*0501). The DQ2 and
DQ8 haplotypes are necessary but not sufficient for the devel-
opment of CD [24]. So far, at least 39 non-HLA genes that
confer a predisposition to the disease have been identified,
most of which are involved in inflammatory and immune
responses [25]. Other noteworthy genetic predisposing factors
may include family history and gender. Despite sex being
discussed as a potential genetic risk factor, the available liter-
ature shows mixed results. Three screening studies from the
USA show equal prevalence amongmen and women [26–28].
However, a Swedish study and the study by Liu et al. showed
a higher prevalence of CD among women [22, 29].

Overall, HLADQ2 haplotype confers the highest genetic risk
to the development of CD. In addition, it is generally accepted
that female sex and a family history are also genetic risk factors.

Environmental Factors

Aside from the obvious consideration which is the degree of
gluten exposure, a variety of other environmental triggers
have been explored in CD. This is particularly relevant given
that the concordance of disease in monozygotic twins is high
but not universal, and concordance is seemingly only modest-
ly related to the HLA genotype [30, 31].

None of the environmental triggers theorized to lead to
increased risk of CD have garnered any overwhelming
evidence-based support to date, and thus this remains an area
of significant interest and attention. A great deal of effort has
focused on neonatal and early-life exposure and the risk of
CD. A recent nested case-control based in a Norwegian preg-
nancy cohort evaluated maternal and neonatal 25-hydroxy
vitamin D status and found no evidence to support an in-
creased risk for childhood CD [32]. Similarly, despite earlier
concerns, two recent multicenter randomized trials have
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shown no enhanced risk of CD with respect to the timing of
gluten exposure nor protective benefit from breast feeding
[33, 34].

Attention has also been given to H. pylori status, infectious
triggers, and the microbiome of celiac patients as possible risk
factors, with mixed results. In 2013, a cross-sectional study
looked at over 100,000 patients with gastric and duodenal
biopsies and compared H. pylori colonization status in pa-
tients with and without CD and found that H. pylori preva-
lence was significantly lower in CD patients when compared
to those without [35], perhaps supporting a Bhygiene
hypothesis^ that decreased exposure to bacteria may contrib-
ute to autoimmunity. Unfortunately, subsequent data have
been conflicting, and more research is needed in this area.
Socioeconomic status has also been explored with mixed re-
sults. On the one hand, a cross-sectional study looked at chil-
dren in Wales and indicated that CD was more common in
children of higher socioeconomic status [36]. While the au-
thors felt that some of this could be explained by more health-
seeking behavior in the more affluent group, they also queried
whether or not lack of exposure or the hygiene hypothesis
could explain the enhanced risk [36]. Conversely, survey data
from a large tertiary care center suggest that adult patients with
lower incomes may have worse celiac-related health and
higher symptom burden [37]. Additionally, multiple studies
have suggested a link between early infections and risk of
celiac autoimmunity, including both respiratory [38] and gas-
trointestinal infections [38, 39], particularly Campylobacter
[40] and frequent rotavirus infections [41]. Recent animal
studies have suggested that infection with even the seemingly
innocuous reovirus may disrupt intestinal immune homeosta-
sis by suppressing peripheral regulatory T cells and T helper 1
immunity to dietary antigens [42].

Lastly, differences in the CD patients’ microbiome have
been explored. There is ongoing debate on the role of infant
gut colonization and risk of developing CD. Some recent
studies provide supporting data on method of delivery, timing
and duration of exposure to breastfeeding and introduction of
other foods. A key postulated environmental predisposing
factor includes gut colonization. Initial gut colonization in
infants is highly influenced by the diet and method of delivery.
Normal post-partum gut colonization occurs when full-term
neonates are born by vaginal delivery and are exclusively
breast-fed during the first 6 months of life. On the other hand,
infants born by cesarean section or who are bottle-fed have
altered or inadequate initial colonization and mucosal immune
dysfunction. It is thought that this leads to an increased risk of
allergic and autoimmune diseases [43]. In addition, there is
supportive evidence that disruption of the normal colonization
process with aberrant probiotic flora can lead to alterations in
the symbiotic relationship that is necessary for immune ho-
meostasis and may be involved in the development of auto-
immunity (e.g., in CD and type 1 diabetes) [44, 45].

Epidemiology

CD has a prevalence estimated to be about 1% of the general
population [46, 47]. It is worth noting that this figure is con-
sidered a moving target, as both the prevalence of CD and the
rate of diagnosis seem to be increasing though not necessarily
proportionally due to the persistent variables of under diagno-
sis and potential for unfounded diagnosis [48]. With this said,
prevalence of CD certainly seems widely variable depending
on a number of factors. In the USA, the prevalence of CD
increases drastically from 1:133 in patients not-at-risk, to
1:56 in symptomatic patients, to 1:39 in patients with a
second-degree relative with the diagnosis, to 1:22 in patients
with a first-degree relative with the diagnosis [28].

Similarly, a number of autoimmune diseases increase the
celiac risk profile. Type 1 diabetes mellitus seems to be the
most commonly recognized autoimmune disease state with this
association. A recent prospective birth cohort study followed
clinically significant type 1 diabetes and CD as well as persis-
tently positive islet autoantibodies and tissue transglutaminase
autoantibodies at quarterly intervals from 3 to 48 months and
semiannually thereafter [49]. Of the 5891 children included in
the analysis with a median follow-up of 66 months, 367 chil-
dren developed islet autoantibodies, 808 children developed
tissue transglutaminase autoantibodies, and 90 children devel-
oped both [49], which greatly exceeded the expected co-
occurrence and could not be accounted for location or multiple
genetic factors. The development of type 1 diabetes generally
preceded that of CD and was felt to significantly increase risk
of tissue transglutaminase antibodies later in childhood.
Additional autoimmune diseases and developmental diseases
have been felt to increase the prevalence of CD including au-
toimmune liver disease (13.5% prevalence), autoimmune thy-
roid disease (3% prevalence), Down syndrome (5.5% preva-
lence), Turner syndrome (6.5% prevalence), andWilliams syn-
drome (9.5% prevalence) to name a few [46].

The celiac risk profile also appears to be altered by country
of origin or geographic region, ethnicity, and perhaps latitude
as well. Differences in celiac risk dependent on nationality and
ethnicity have been well-described. For instance, in the USA,
the prevalence of CD is significantly higher in Caucasians than
that in Blacks and Hispanics [50, 51]. In Europe, Finland has a
much higher prevalence of CD among adults than their coun-
terparts in Germany and Italy (2.4 vs 0.3 and 0.7%) [52]. It is
also noteworthy that the 2014 study by Lui et al. also indicated
residence in Sweden as risk factor for development of CD
[22]. Whether these differences can be attributed to specific
environmental or genetic risk factors is not entirely clear in all
cases. Interestingly, a recent study from India showed that in
the northern part of the country, celiac autoantibodies are
much more prevalent than those in the northeastern and south-
ern parts of the country (1.23 vs 0.87 and 0.10%) [53]. This
difference, at least in part, seems to be accounted for by dietary
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differences as while HLA haplotypes were virtually identical
between the three populations, mean daily wheat intake was
significantly higher in northern India when compared to that in
northeastern and southern India (455 vs 37 and 25 g) [53]. A
recent population-based study analyzed data on gluten-related
conditions of 22,277 patients from the NHANES study group
from 2009 through 2014. This showed that in the USA, a
higher proportion of persons at latitudes north of 35° have
CD or avoid gluten than persons living south of this latitude,
and that this difference could not be accounted for by race or
ethnicity, socioeconomic status, or body mass index (BMI)
[54]. This latitude-dependent increased risk has been demon-
strated in other autoimmune diseases and has been proposed to
be related to vitamin D deficiency and mediated by vitamin D
receptors; however, these data were not sufficiently available
in the aforementioned study group.

Clinical Presentation (Adults, Children)

The classical paradigm of CD, i.e., the children described by
Willem Dicke and predecessors, with a malabsorptive syn-
drome characterized by diarrhea and failure to thrive has large-
ly been replaced. Today, CD can be diagnosed at any age and
with a wide variety of clinical presentations.

Up to 20% of adults diagnosed with CD may have a sub-
clinical presentation [55]. However, even among those pre-
senting with symptomatic CD, two thirds present with so-
called non-classical symptoms. Only 27% of patients in a
recent retrospective review presented with diarrhea. Other in-
testinal manifestations frequently described were bloating
(20%), aphthous stomatitis (18%), alternating bowel habits
(15%) , cons t ipa t ion (13%) , and GERD (12%) .
Extraintestinal manifestations included osteopenia/
osteoporosis (52%), anemia (34%), cryptogenic transaminitis
(29%), and recurrent miscarriages (12%) [55]. This shift from
the classical presentation with age seems to even be augment-
ed when comparing geriatric patients to younger adults [56].

Children still seem more likely than adults to demonstrate
Bclassical^ malabsorptive symptoms of CD [57]. While up to
two thirds of children exhibit Bclassical^ presentations, atyp-
ical symptoms can be the chief complaint in the remainder.
Abdominal pain and poor growth seem to be among the more
common atypical presentations in children [57]. However, in
children, the paradigm appears to be shifting as well. Whereas
the classic description of an underweight child with failure to
thrive, a recent cohort study suggested that in North America,
up to 20% of children may be obese or overweight at the time
of diagnosis of CD [58]. Interestingly, when adherent to a
gluten-free diet (GFD), overweight or obese children may
actually improve or normalize their BMI, whereas children
of normal weight at the time of diagnosis are seemingly at risk
for becoming overweight when starting a GFD [58].

Diagnosis—Adults and Children

Testing for CD should be initiated in any child or adult with
signs or symptoms of intestinal or extraintestinal manifesta-
tions or laboratory evidence suggestive of the disease [59].
Testing generally involves serologic screening followed by
small bowel biopsy. Perhaps one caveat and distinction be-
tween the diagnosis of children and adults is that the
European Society for Pediatric Gastroenterology and
Hepatology (ESPGHAN) has proposed that children meeting
certain criteria need not undergo endoscopic exam to confirm
the diagnosis of CD [46]. If clinical suspicion is very high,
small bowel biopsies should still be pursued even in the set-
ting of negative serologic testing [59].

Serologic testing should be performed on a gluten-
containing diet, as serologies can become negative within
weeks to months of initiation of a gluten-free diet [60]. The
primary means by which to screen patients older than 2 years
of age is the immunoglobulin A anti-tissue transglutaminase
(tTG) antibody, which has both a sensitivity and specificity of
at least 95% [59]. Due to the possibility of immunoglobulin A
(IgA) deficiency leading to a false negative test, total IgA
should be measured concurrently. If there is any concern for
IgA deficiency affecting test results, CD screening should be
performed employing IgG-based antibody testing [59].
Additional serologies for the primary detection of celiac dis-
ease include anti-endomysial antibodies (EMA) as well as
antibodies to deamidated gliadin peptides (DGP). Analysis
of the former may be expensive, subjective, and of limited
availability. Antibodies to DGP are similar in sensitivity and
specificity to anti-tTG antibodies and both are superior to the
previously employed native gliadin (AGA) antibodies, which
are no longer recommended [59, 61]. A summary of common
serologic tests is provided (Table 1).

Confirmatory testing in most cases is accomplished with
upper endoscopy, specifically, 1–2 biopsies in the duodenal
bulb and at least four biopsies in the distal duodenum [59].
Endoscopic findings in CD include scalloping, flattening, and
fissuring of the mucosal folds (Figs. 1 and 2), though they are
nonspecific and their absence does not preclude the diagnosis
as disease may be patchy in nature [62]. Hence, the histologic
Marsh modified (Oberhuber) and Corazza criteria which char-
acterize the degree of increased intraepithelial lymphocytes,
crypt hyperplasia, and villous atrophy are useful in confirming
the diagnosis [59] (Table 2).

Role of Primary Screening
for Celiac/Screening of High-Risk Individuals

To date, there is insufficient evidence to favor primary screen-
ing of asymptomatic individuals for CD [63]. However,
screening of high-risk individuals including first-degree
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Fig. 1 Endoscopic/histologic findings in celiac disease. Courtesy:
Presutti RJ, Cangemi JR, Cassidy HD, et al. Celiac disease. Am Fam
Physician. 2007 Dec 15;76(12):1795–802. Endoscopic and biopsy
findings in patients with and without celiac disease. a High-definition
endoscopic photo of normal small intestine. The villi are clearly visible
with no evidence of atrophy or scalloping of the folds. bBiopsy specimen
of normal small intestine (hematoxylin-eosin; original magnification, ×

100). c PillCam image of small intestine in a patient with celiac disease,
showing scalloping of the mucosal folds (arrows) characteristic of a
malabsorption pattern. There is also evidence of villous atrophy
compared with normal. d Biopsy specimen of small intestine in a
patient with celiac disease (hematoxylin-eosin; original magnification,
× 100). Note the loss of villous architecture

Table 1 Serologic testing for antibodies in celiac disease (ref ACG postgraduate course, October 2012)
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relatives of a celiac patient and type 1 diabetics with signs,
symptoms, or laboratory findings suggestive of the disease is
appropriate [59]. Similarly, patients with transaminitis of un-
known etiology should be screened [59]. Screening of asymp-
tomatic first-degree relatives and second-degree relatives re-
mains controversial [59]. A diagnostic algorithm based on risk
profile has been suggested, Fig. 3.

Role of HLA-DQ2/DQ8 Testing

As the HLA-DQ2 or DQ8 haplotypes are present in virtually
all patients with celiac disease, HLA-DQ typing yields a high
negative predictive value for the disease. However, addition of
HLA-DQ typing to standard diagnostic measures does not
seem to augment test performance [64]. Thus, its routine use
is not recommended [59]. HLA-DQ2/DQ8 genotyping may
be useful in effectively ruling out the disease in difficult clin-
ical situations, such as in a patient with equivocal histological
findings and negative serologies or evaluation of a patient on a
GFD if no testing was performed prior to initiation of the GFD
[59].

Screening Special Groups

Studies on screening using serological testing indicate that
only about 1:5 cases of CD are identified [52]. As indicated
earlier in this review, the prevalence is higher among women
compared to that among men. Prevalence is also increased in
certain specific groups: persons who have an affected first-
degree relative (10 to 15%), type 1 diabetes (3 to 16%),
Hashimoto’s thyroiditis (5%) or other autoimmune diseases
(including autoimmune liver diseases, Sjögren’s syndrome,
and IgA nephropathy), Down’s syndrome (5%), Turner’s syn-
drome (3%), and IgA deficiency (9%) [65–70].

In addition to type 1 diabetics and first-degree relatives of
celiac patients as described above, it is prudent to have a low
threshold for screening individuals with any of these other
conditions as well.

Nutritional Considerations

The role of a trained dietician or nutritionist in the care of
patients with CD is pivotal. Perhaps, they play the most im-
portant role in the patients’ follow-up care and may be the key
person in any celiac center. Their role includes general educa-
tion on celiac disease, teaching label reading, providing tips
on eating out of the home, and avoiding cross contamination.
In addition, a trained dietician/nutritionist serves as an added
resource in patients with limited response or non-response to a
gluten-free diet. With careful added history from a dietician/
nutritionist, patients usually labeled as non-responsive celiac
disease may have had inadvertent exposure to gluten-free
products.

There is a risk of malabsorption and other associated nutri-
tional deficiencies in patients with CD. Pediatric patients with
celiac disease are at risk of deficiencies of several
micronutrients. Deora et al. evaluated the prevalence of mi-
cronutrient deficiencies in children with CD at diagnosis, at
6 months, and at 18 months after the start of a GFD. In addi-
tion, they sought to examine any correlation between micro-
nutrient deficiencies, serum tissue transglutaminase immuno-
globulin A antibody titers, and the degree of mucosal damage

Fig. 2 Close up endoscopic
findings in celiac disease
(courtesy of Dr. E. Williams)

Table 2 Histologic criteria in celiac disease (ref ACG guidelines:
diagnosis and management of celiac disease)

Marsh
modified
(Oberhuber)

Histologic criterion Corazza

Increased
intraepithelial
lymphocytes

Crypt
hyperplasia

Villous atrophy

Type 0 No No No None

Type 1 Yes No No Grade A

Type 2 Yes Yes No

Type 3a Yes Yes Yes (partial) Grade B1

Type 3b Yes Yes Yes (subtotal)

Type 3c Yes Yes Yes (total) Grade B2

> 40 intraepithelial lymphocytes per 100 enterocytes for Marsh modified
(Oberhuber); > 25 intraepithelial lymphocytes per 100 enterocytes for
Corazza
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at diagnosis. A total of 140 CD patients (including 87 girls
[621%]) under 17 years were included. The serum vitamins,
minerals, and anti-tTG IgA antibodies were measured at diag-
nosis and at 6 and 18 months after starting a GFD.
Histopathological changes of duodenal biopsies at diagnosis
were documented using modified Marsh classification. The
mean age at diagnosis was 7.8 ± 4.01 years. At diagnosis,
serum vitamin D was the most commonly deficient vitamin
in 70% of children. Serum ferritin was subnormal in 34.5%
with zinc in 18.6% children but only 12 (10.9%) children had
iron deficiency anemia. There was no correlation between
micronutrient deficiencies at diagnosis and serum tTG IgA
antibody titers or the degree of villous atrophy. Reassuringly,
majority of serum levels of measured micronutrients had nor-
malized after 6 months of starting GFD except for vitamin D,
which improved but remained subnormal [71]. The risk of
vitamin A deficiency in celiac disease has been thought to
be due to the presumed reduced absorption of fat-soluble vi-
tamins. However, the available data is limited to letters to the
editor and there are no large studies assessing the extent of the
presumed association [72].

The prevalence of CD in patients with iron deficiency (ID) is
estimated at 0–6% in European countries. The prevalence of
celiac disease in patients with iron deficiency in the USA is not
well described. Abdalla et al. used the NHANES database, a
nationally representative health survey conducted from 2009 to
2010, to explore this further. Their study included 2105 females
aged 6 years or older. Iron deficiency was defined as serum
ferritin level < 20 ng/mL; patients were diagnosed with CD if
they tested positive for both IgA tissue transglutaminase anti-
body and IgA endomysial antibody. Subjects were divided into
two groups, ID and non-ID respectively. Five hundred sixty-
nine patients out of 2105 subjects had ID and 1536 did not have
ID. Five people were identified as having CD among the ID
group, as were two people in the non-ID group. After adjusting
for selected covariates, the prevalence of CD was higher in

female subjects with ID with OR of 12.5 (95% CI 1.74–90).
From their study, the overall prevalence of CD in the US female
population is low; however, the prevalence is higher in subjects
with ID. The study results may not be generalizable since it
only included females [73].

The recent prospective observational study conducted in an
Indian patient cohort by Beniwal et al. sought to evaluate the
prevalence and clinical features of CD among children with
severe acute malnutrition (SAM). All consecutively admitted
children with SAMwere recruited. Subjects were screened for
CD using IgA-tTG antibodies. Patients who tested positive
underwent upper gastrointestinal endoscopy with small bowel
biopsy for the confirmation. Clinical features of patients with
and without CD were compared. The seroprevalence (IgA-
tTG positivity) of CD was found to be 15.38% while preva-
lence of biopsy-confirmed CDwas 14.42% among SAM chil-
dren. Abdominal distension, diarrhea, anorexia, constipation,
pain in the abdomen, vitamin deficiencies, edema, clubbing,
and mouth ulcers were more common in patients of CD com-
pared to patients without CD. However, there was a statisti-
cally significant-observed difference only for abdominal dis-
tension and pain [74].

Dermatitis Herpetiformis

Dermatitis herpetiformis (DH) is an immune-mediated itchy
blistering skin disease which may be a manifestation of CD
(Fig. 4). It is typically seen on the elbows, knees, and buttocks,
but occasionally in the scalp and upper back. The diagnosis is
confirmed by skin biopsy with special stains which show
granular immunoglobulin A deposits in perilesional skin.
Five percent of first-degree relatives may be affected by CD
or DH. Whereas tissue transglutaminase (TG2) is the
autoantigen in CD, epidermal transglutaminase (TG3) is the
autoantigen in DH.

Low risk family history,
anemia, type 1

diabetes, diarrhea,
infertility

tTG IgA and IgG

CD very unlikely if
negative serology

High risk clinical,
malabsorption

syndrome

tTG IgA and IgG

Duodenal biopsy if
serology is positive

CD

Risk of CD autoimmune
liver disease or active

thyroid disease

IgA EMA Abs
tTG IgA and IgG

Duodenal biopsy if
serology positive

CD

Suspected DH rash

tTG IgA and IgG
and lesional biopsy

Serum POS
Biopsy NEG

Duodenal biopsy

BOTH NEG

CD very unlikely

BOTH POS

CD
G-F-D

Fig. 3 Diagnostic algorithm (adapted from Mayo Medical Laboratory Reference Services, 2005)
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A few other distinguishing features are worth mentioning.
First, up to a quarter of DH, patients do not have small bowel
mucosal villous atrophy, but virtually all have celiac-type in-
flammatory changes. The skin symptoms respond slowly to a
GFD. While the incidence of CD is increasing, for unclear
reasons, the opposite is true for DH. Lastly, DH may be seen
more commonly in males as opposed to CD which is more
prevalent in females. As discussed later in this review, there is
a small risk of small intestinal T cell lymphoma associated
with CD. The associated lymphoma in DH is a B cell type
and not limited to the small intestine. Adult CD may carry a
risk of increased mortality [27]. On the other hand, DH is
associated with a significantly decreased relative mortality
rate. Both CD and DH show tissue transglutaminase (TG2)-
specific autoantibodies in serum and small bowel mucosa. In
addition, TG3-targeted IgA antibodies are found in the skin of
DH patients.

Treatment is with a GFD which results in healing of the
skin manifestations. Small bowel biopsy is not required to
initiate a gluten-free diet in patients with DH. Dapsone and
rituximab have also been used, typically for refractory cases
[75].

Psychological/Psychiatric Associations

Schizophrenia

There has been a historical interest in the association of CD
and schizophrenia. While older studies described an associa-
tion, other studies questioned causality [76, 77]. The 2005
study by West et al. perhaps provides some clarity on this
issue. In that study, patients with CD, Crohn’s disease, and
ulcerative colitis were matched individually with five age-,
sex-, and general practice-matched controls. The prevalence
of schizophrenia was calculated and compared between dis-
ease groups and their respective controls. The adjusted odds
ratio for CD showed no association with schizophrenia (CD
vs. controls 0.76, 95% CI 0.41–1.4) [78].

Anxiety, Depression, and Panic Disorder

The data on association of anxiety and depressive spectrum
disorders with CD is conflicting. The variations noted in study
results may be the result of methodology, small numbers, or
study design. A few are reviewed in this section.

A questionnaire-based study by the German Celiac Society
compared anxiety and depression levels in adult patients with
CD on a GFD with controls. The levels of anxiety, of depres-
sion, and of a probable anxiety or depressive disorder were
assessed using the Hospital Anxiety and Depression Scale.
Cases consisted of 441 adult patients with CD recruited by
the German Celiac Society and 441 adult controls from the
German general population (GP) sample. Potential demo-
graphic (age, sex, social class, family status) and disease-
related (latency to diagnosis, duration of GFD, compliance
with GFD, thyroid disease) predictors of anxiety and depres-
sion in CDwere tested for by regression analyses. The level of
anxiety in CD patients was predicted (R2 = 0.07) by female
gender (P = 0.01). In addition, female sex was associated with
a probable anxiety disorder (OR = 3.6, 95% CI 1.3–9.4, P =
0.01). Living alone (OR = 0.5, 95% CI 0.2–0.9, P = 0.05) was
associated with a reduced risk of an anxiety disorder. The level
of depression and a probable depressive disorder were not
predicted by any of the demographic and medical variables
tested for. The levels of depression in persons with CD (4.2 ±
3.4) and of the GP (4.2 ± 3.8) did not differ (P = 0.3). The
prevalence of a probable anxiety disorder in persons with
CD (16.8%) was higher than that of the GP (5.7%) (P <
0.001). The prevalence of a probable depressive disorder did
not differ significantly between the three groups (P = 0.1). The
study concluded that anxiety in adult German female patients
with CD on a GFD is higher than that observed in the general
population; the same was not seen in depression or probably
depressive disorder. There is a potential sampling bias in that
all patients were members of the German Celiac Society and
several patients with CD who were non-members were ex-
cluded. The authors recommended screening for anxiety in
female patients with CD [79].

Fig. 4 Dermatitis herpetiformis
(courtesy of Dr. K. Clarke)
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Carta et al. evaluated the association between CD and spe-
cific anxiety and depressive disorders and sought to identify
potential common pathogenetic links, with particular regard to
thyroid function and autoimmunity. The study included only
36 adult CD patients, (25 females and 11 males), aged 18–
64 years. The 144 controls consisted of healthy subjects
matched by sex and age with no clinical evidence or family
history of CD. Diagnosis of celiac disease was made by clin-
ical history and serology. Psychiatric diagnoses were formu-
lated using the International Composite Diagnostic Interview,
according to DSM-IV criteria. Thyroid status was evaluated
by palpation, imaging (ultrasonography), and measurement of
serum-free thyroid hormones (FT4, FT3), thyroid-stimulating
hormone (TSH), and antithyroid autoantibodies (anti-TPO).
Compared to controls, a significantly higher number of CD
patients met criteria for lifetime [15 (41.7%) versus 30
(29.8%), P < .01] and 6-month [7 (19.4%) versus 9 (6.2%),
OR = 3.2, chi (2) = 5.2, P < .05] major depressive disorder
(MDD). A similar trend was noted for panic disorder (PD)—
lifetime [5 (13.9%) versus 3 (2.1%), P < .001] and 6months [3
(8.1%) versus 2 (1.4%), P < 0.05]. Anti-TPO prevalence was
significantly higher in CD patients than that in the control
group (11/36 = 30.5% versus 14/144 = 9.7%, P < 0.001).
Comparing PD and MDD in celiac patients with positive
anti-TPO to patients with negative TPO, there was a higher
frequency found in those with positive anti-TPO (4/11 =
36.4% PD in TPO+ versus 1/25 = 4% PD in TPO−, P <
0.01; 9/11 = 81.8% MDD in TPO+ versus 6/25 = 9.5%
MDD in TPO−, P < 0.01). Celiac disease patients tend to
show a high prevalence of PD and MDD. This observation
is associated with subclinical thyroid disease [80].

The 2017 study by Zylberberg et al. evaluated a large rep-
resentative sample in the USA. Data from 22,274 participants
from the 2009–2014 National Health and Nutrition
Examination Survey were evaluated to compare the preva-
lence of depression, insomnia, quality of life variables, and
psychotropic medication use in CD and people who avoid
gluten (PWAGs) to controls. Depression was present in
8.2% of controls compared with 3.9% of participants with
CD (P = 0.18) and 2.9% of PWAGs (P = 0.002). After adjust-
ment for age, sex, race, income, and access to healthcare,
PWAGs maintained lower odds of depression compared with
controls (odds ratio = 0.25; 95% confidence interval 0.12–
0.51; P = 0.0001) [81].

The preponderance of available data does not support a
definitive association of anxiety and depression with CD.

Treatment

Although NCGS may be a transient entity allowing for even-
tual gluten tolerance [82], in patients with CD, indefinite ad-
herence to a strict GFD is currently the only treatment option.

This equates to not only wheat avoidance, but also avoidance
of barley and rye given the similarity to gluten of their prola-
min proteins. Oat prolamins are more distantly related to glu-
tens, and thus oats may be reintroduced with caution. Most
patient with CD will tolerate oats without harm, so long as
they are not contaminated with other grains [83, 84]. While
seemingly simple enough, a strict GFD fraught with numerous
challenges. Among the most challenging obstacles to a GFD
is that it is substantially more expensive [85, 86], such that
those with a lower socioeconomic standing may be a high risk
of noncompliance. Further, a strict GFD may be socially iso-
lating and unknown source of gluten in medications and when
dining out is a source of great anxiety for patients. Because of
these many challenges, the self-rated burden of disease in
patients with CD is actually as high as that of patients with
diabetes mellitus or end-stage renal disease [87].

Evolving Non-dietary Therapies

Due to the great burden of adhering to a strict GFD among
patients with both CD and NCGS and avoiding inadvertent
gluten exposures, non-dietary treatments have been proposed
and are evolving. Two pharmacologic therapies and potential
adjuncts to a gluten-free diet have received the most attention
thus far. Latiglutenase, previously described as ALV003, is an
orally administered mixture of two gluten-targeting recombi-
nant proteases theorized to decrease the immunogenicity of
ingested gluten in the small intestine by degrading it in the
stomach. While a recent phase II clinical trial of patients with
symptomatic CD already following a GFD for at least
12 months did not show any benefit of latiglutenase in reduc-
ing villous atrophy or improving symptoms, a subset analysis
suggests that seropositive CD patients may gain significant
symptom improvement from this therapy [88, 89]. Another
novel oral agent, larazotide acetate, works by regulating intes-
tinal tight junctions and thereby preventing gluten from
reaching the small intestinal submucosa and triggering an im-
mune response. In a large randomized controlled trial,
larazotide acetate plus a GFD was shown to reduce the signs
and symptoms of CD relative to a GFD alone [90]. Additional
non-dietary therapies including desensitization, genetically
modified gluten, probiotics, parasites, transglutaminase inhi-
bition, polymer connectors, and TNF-alpha inhibitors and oth-
er anti-inflammatory strategies are under investigation [91].

Non-responsive/Refractory CD

Non-responsive celiac disease (NRCD) and refractory CD
(RCD) are two important clinical entities to be aware of and
distinguish. NRCD refers to persistent signs, symptoms, or lab-
oratory abnormalities consistent with the disease despite 6 to
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12 months of reported strict compliance with a GFD and may
be present in up to 20% of those diagnosis with CD [92]. The
most common etiology of non-responsive CD is felt to be in-
advertent gluten exposure in up to 36% of patients [92], but
other causes include lactose intolerance, SIBO, pancreatic in-
sufficiency, IBS, microscopic colitis, and refractory RCD [59].

After the aforementioned disease entities have been evalu-
ated and treated, in particular nutritional evaluation for expo-
sures or lack of compliance with a GFD, and repeat small
intestinal histology and serologies confirm the CD diagnosis,
a diagnosis of truly Brefractory^ CD may be considered. RCD
represents only 1–2% of all CD patients [93]. Type 1 RCD
generally exhibits a similar population of intraepithelial lym-
phocytes seen in CD, whereas type 2 RCD generally exhibits a
phenotypically abnormal population of Tcells and is associated
with a worse prognosis. In addition to standard care of the CD
patient, systemic steroid therapy and immunosuppressive med-
ications may be employed; however, there is a paucity of
evidence-based data to deem these strategies effective [59].

Autoimmune and Atopic Disease
Disease/Considerations for the Allergist

Distinction from Wheat Allergy/Wheat-Dependent
Exercise-Induced Asthma

Wheat allergy is a rare but clinically distinct entity affecting
only up to 0.5% of the general population; however, the
omega-5 gliadin fraction is the most common allergen impli-
cated in food-dependent exercise-induced asthma [94].
Clinical manifestations of wheat allergy are felt to be mostly
IgE-mediated and may include vomiting, diarrhea, eczema,
urticaria, or anaphylaxis [94]. Wheat-dependent exercise-in-
duced asthma appears to be more common in adults, whereas
IgE-mediated wheat allergy occurs in children. Most children
will outgrow wheat allergy [94]; however, a small European
study showed that children with severe food allergies may
actually be at five times risk of CD [95]. Allergic skin testing
or IgE-specific antigen serologies remain the most common
used diagnostic tests and treatment is based on eliminating
exposures [94].

Selective IgA Deficiency/Partial IgA Deficiency

A recent North American study confirmed European results
suggesting that selective IgA deficiency does not appear to be
more common in CD patients than that in the general popula-
tion [96]. As previously mentioned, these patients seem to
require special consideration as they often do not present with
gastrointestinal symptoms and of course exhibit decrease IgA-
tTG sensitivity [96]. Partial IgA deficiency is commonly seen
in patients with gastrointestinal symptoms and is defined as

detectable serum IgA level less than two standard deviations
below age standards in the presence of normal serum IgM and
IgG levels [96]. Partial IgA deficiency is much more com-
monly encountered and does not appear to alter the presenta-
tion of CD nor preclude the use of standard IgA-tTG serol-
ogies for diagnosis [96].

CVID and CD

Common variable immunodeficiency is characterized by de-
fective B-cells with reduced antibody production, however, T
cell and macrophage dysfunction and systemic inflammation
may also exist. It is well-established that patients with com-
mon variable immunodeficiency (CVID) experience a wide
range of gastrointestinal symptoms, pain, bloating, and diar-
rhea, due not only to infectious etiologies in the setting of
immunodeficiency, but also inflammatory processes through-
out the gut, and a possible connection between CVID and CD
had been previously described [97]. Of course, standard anti-
body diagnosis of CD proves challenging in this patient
group. Further, although villous blunting is usually not seen,
increased intraepithelial lymphocytes are found routinely in a
CVID patient’s duodenal biopsy. With that said, based on
recent microarray analyses, a Bceliac-like^ disease seen in
CVID patients seems to be phenotypically distinct from true
CD at this time [98]. However, more investigation is
warranted.

Atopic Disease and CD

The associations with CD and a variety of other autoimmune
conditions including type 1 diabetes mellitus, autoimmune
thyroid disease, autoimmune hepatitis, and Sjogren’s syn-
drome are well reported in the literature [99]. The evidence
supporting a link between CD and atopic disease seems to
show a link between cutaneous atopy and CD. Multiple case
reports and small studies through the literature have described
atopic dermatitis or chronic urticaria presenting in patients
with CD [100–103]. A large series of celiac patients, their
relatives, and their spouses were surveyed at the time of CD
diagnosis for allergy. Those who reported allergic symptoms
underwent further testing with total and antigen-specific IgE
as well as PRICK testing in some. The authors compared
presence of allergy, asthma, rhinitis, conjunctivitis, food aller-
gy, occasional urticaria, and atopic dermatitis. The only sig-
nificantly increased risk was found for atopic dermatitis, re-
ported in 3.8% of CD patients, 2.3% of their relatives, and
1.3% of their spouses [104]. More recently, a large population
study suggested an increased risk of asthma in CD patients
(OR 1.5), although less so than type 1 diabetes mellitus (OR
5.5) and thyroid disease (OR 1.8) in keeping with previous
reports [105]. A second population-based cohort study
claimed CD confers a 1.6 times increased risk for asthma
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[106]. Clearly, some atopic disease appears to be associated
with CD; however, these associations need to be further
elucidated.

Eosinophilic Esophagitis and CD

As each has separately received a great deal of increased at-
tention in the literature, so too has attention been paid to a
possible association between eosinophilic esophagitis (EoE)
and CD. Unfortunately, it is hard to make any definitive con-
clusions from the existing literature, and more studies are
needed. A recent retrospective cohort study involving over
10,000 children undergoing at least one endoscopy found that
595 had EoE, 546 had CD, and the risk of having EoE was not
increased relative to the diagnosis of CD (OR 0.29, 95% CI
0.154 to 0.545) [107]. The same authors performed a meta-
analysis and identified 45 cases of concomitant EoE and CD,
with similar results (OR 0.525, 95% CI 0.364 to 0.797) [107].
Prior to this, multiple cross-sectional studies and cohort stud-
ies involving both adults and children have appeared to show
an association between EoE and CD [108–110]. However, it is
important to consider that the diagnosis of EoE is one that
generally requires multiple endoscopies over a period of time.
Perhaps, these studies prove an association between esopha-
geal eosinophilia, as opposed to EoE, as EoE is only one cause
of many leading to esophageal eosinophilia. Further, the res-
olution of eosinophilia in at least two studies in patients of CD
patients with the implementation of a GFD [108, 111] that
examined multiple endoscopies over time suggests that per-
haps patients are beingmislabeled as EoEwhen in fact, esoph-
ageal eosinophilia is related to their CD as opposed to con-
comitant EoE.

Pregnancy

Women with CD appear to have similar overall fertility rates
when compared to the general population [112–114].
However, there is some evidence to suggest that they have
their children at a later age [114] and patients with CD may
have decreased fertility up to 2 years before their diagnosis,
suggesting that very high disease activity may portend a
poorer prognosis with respect to fertility [113].

Malignancy

There is a well-established increased risk for lymphoprolifera-
tive malignancies, particularly enteropathy-associated T cell
lymphoma and other non-Hodgkin lymphomas reported in the
literature in patients with celiac disease [115–119]. However,
this risk now seems to be significantly lower than previously
reported [120]. Further, recent evidence suggests that patients

with persistently positive celiac serologies and patients with
persistent villous atrophy may be those that bear the burden of
this association, whereas patients with truly latent CD and mu-
cosal healing may be spared a strong association [121, 122].

Mortality

The mortality of patients with celiac disease as compared to
the general population has been investigated in many
population-based studies over the last few decades, with high-
ly variable results. While some studies have conferred an ex-
cess mortality on patients CD, or one that is elevated but
improves from the time of diagnosis [119, 123], more recent
studies including a large cohort study from the UK have
shown no increased mortality at all [124]. There are similarly
varied results from studies on stored serum studies on people
with undiagnosed CD [125]. Though there is concern about
increased mortality associated with CD, the current literature
contains conflicting data.

Follow-up

The cornerstone of celiac management in addition to the strict
adherence to a GFD as discussed includes at least annual
clinical follow-up with a physician and a registered dietician
/nutritionist [59]. In addition to clinical response to a GFD and
growth in children, seroconversion following a GFD should
be monitored and approaches 95% in patients with systematic
5-year follow-up [126, 59]. Endoscopic follow-up is recom-
mended starting at about 2 years after initiation of a GFD, as
mucosal healing may take 2 to 3 years [59, 127, 128].

Perhaps the most important additional considerations in
these patients include screening for and following low bone
mineral density and nutritional deficiencies [59]. Both can be
seen with untreated CD. The former seems to improve after
initiation of a GFD, though the change is gradual and bone
mineral density may not entirely normalize [129, 130].
Micronutrient deficiencies may include iron, folic acid, vita-
mins B12 and B6, vitamin D, copper, zinc, and carnitine [59] as
described above. Some of the vitamin deficiencies proposed to
be associated with a GFD may be mitigated by the addition of
oats for those with CD tolerant to oats [131]. A follow-up
algorithm has been suggested (Fig. 5).

Current Misconceptions on Celiac Disease
and Celiac Sensitivity

Improvement of gastrointestinal symptoms with avoidance of
gluten is not diagnostic of celiac disease. In addition, nonspe-
cific symptoms including fatigue, Bbrain fog,^ which may
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mean different things to different people are not indicative of
celiac disease or gluten intolerance.

More recently, there are several patients who avoid gluten
despite a complete evaluation by a medical provider which
has ruled out celiac disease. Such individuals report a signif-
icant sense of improved health including resolution of nonspe-
cific gastrointestinal symptoms.

Gluten-free diets are low on FODMAPs. It is not surprising
that symptoms that are attributable to irritable bowel syn-
drome may show some improvement.

A true diagnosis of gluten sensitivity or intolerance should
involve a careful and comprehensive dietary history, blinded
exposure of patients to identical diets with one containing
gluten and the other gluten free. Reliance on self-reported
diagnosis of gluten sensitivity or intolerance leads to chal-
lenges in accurately characterizing this patient subgroup and
good study design to improve our understanding.

Patients who do not have celiac disease should not have to
go on a gluten-free diet. There are no known advantages but
there are potential consequences. These include the relative
increased costs of gluten-free foods and a sense of social iso-
lation when eating out of their own homes.

In a recent paper by Kamycheva et al., CD seropositivity
was associated with lower levels of blood lead and mercury in
children (β = − 0.14, P = 0.03 for lead and β = − 0.22, P =
0.008 for mercury), but not in adults [132]. Although the
clinical implication of this finding is unclear, it signals unin-
tended biochemical changes associated with a gluten-free diet.
Further long-term studies are needed to get a better sense of
the effect of a gluten-free diet in patients who do not have
celiac disease.

The purported benefits of a gluten-free diet by celebrities,
athletes, and in the lay press may also insinuate potential
health and social benefits not backed by scientific enquiry.

Conclusions

CD is a complex immune-mediated condition triggered by
ingestion of gluten. Our understanding of the disease con-
tinues to evolve, and there is a better recognition of unique
characteristics of subgroups of patients, association with other
immune-related conditions, methods of testing, and screening
of appropriate populations. There are still areas of uncertainty

Fig. 5 Proposed celiac patient
follow-up algorithm. A suggested
plan of follow-up management of
patients with celiac disease. Letter
a indicates celiac serology, FBC,
electrolytes, LFTs, thyroid
function, iron studies, calcium,
phosphate, vitamin D, folate, B12,
fasting glucose, ± zinc, and Mg.
Letter b indicates at 1–2 years,
then as indicated on clinical
grounds. Letter c indicates 3–5
yearly in high-risk groups
(noncompliance, refractory celiac
disease, female ≥ 50 years,
fractures, men ≥ 55 years); yearly
if osteoporosis on treatment.
Courtesy: Haines ML; Anderson
RP; Gibson PR., Systematic
review: the evidence base for
long-term management of celiac
disease. Alimentary
Pharmacology and Therapeutics,
2008

Clinic Rev Allerg Immunol (2019) 57:226–243238



and debate especially about the entity of NCGS/GS. This is
largely a self-reported condition where patients report varying
reactions to gluten ingestion with a clinical response to a GFD
in the absence of serologic or histologic evidence of CD.
However, the frequency, pathophysiology, and natural history
of gluten sensitivity and its relationship to CD, if any, remain
to be clarified.

The growing media attention on potential harms of gluten
and the perceived benefits of a GFD has resulted in a signif-
icant number of people switching to GFD without prior pro-
fessional consultation. The reported symptom reduction in
non-CD patients on a gluten-free diet is not diagnostic of
any known clinical entity. There is the placebo effect as well
as improvement of symptoms that can be ascribed to the low
FODMAP content of GFD. Patients with a wheat allergy may
also benefit from a GFD. For now, we recommend that pa-
tients with concerns about undiagnosed CD, gluten intoler-
ance, or any of the associated conditions including DH should
consult a healthcare professional for appropriate evaluation.
Treatment of CD should also include evaluation for associated
conditions and potential nutritional deficiencies.
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