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Abstract
Celiac disease is an immune-mediated systemic disease triggered by intake of 
gluten in genetically susceptible individuals. The prevalence of celiac disease in 
the general population is estimated to be 1% in the world. Its prevalence differs 
depending on geographical and ethnic variations. The prevalence of celiac disease 
has increased significantly in the last 30 years due to the increased knowledge and 
awareness of physicians and the widespread use of highly sensitive and specific 
diagnostic tests for celiac disease. Despite increased awareness and knowledge 
about celiac disease, up to 95% of celiac patients still remain undiagnosed. The 
presentations of celiac disease have significantly changed in the last few decades. 
Classical symptoms of celiac disease occur in a minority of celiac patients, while 
older children have either minimal or atypical symptoms. Serologic tests for celiac 
disease should be done in patients with unexplained chronic or intermittent 
diarrhea, failure to thrive, weight loss, delayed puberty, short stature, ame-
norrhea, iron deficiency anemia, nausea, vomiting, chronic abdominal pain, 
abdominal distension, chronic constipation, recurrent aphthous stomatitis, and 
abnormal liver enzyme elevation, and in children who belong to specific groups at 
risk. Early diagnosis of celiac disease is very important to prevent long-term 
complications. Currently, the only effective treatment is a lifelong gluten-free diet. 
In this review, we will discuss the epidemiology, clinical findings, diagnostic tests, 
and treatment of celiac disease in the light of the latest literature.
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Core Tip: Celiac disease is a systemic lifelong disease. The prevalence of celiac disease 
has increased significantly in the last three decades due to the increased awareness of 
physicians and widespread use of highly sensitive and specific diagnostic tests for 
celiac disease. Despite increased awareness and widespread use of diagnostic tests, up 
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to 95% of celiac patients still remain undiagnosed. Early diagnosis is very important to 
prevent long-term complications. The only effective treatment is still a lifelong gluten-
free diet. In this review, we will discuss the epidemiology, clinical findings, diagnostic 
tests, and treatment of celiac disease in the light of the latest literature.
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INTRODUCTION
Celiac disease is an immune-mediated systemic disease triggered by intake of gluten 
and related prolamines in genetically susceptible individuals, characterized by 
presence of various combinations of small intestinal damages, celiac specific 
antibodies, human leukocyte antigen (HLA)-DQ2 or HLA-DQ8, and gluten-dependent 
clinical manifestations[1]. Gluten is found in wheat, barley, rye, and oats[2].

PATHOGENESIS
The key elements of the celiac disease, an autoimmune disease, are genetics HLA-DQ2 
and HLA-DQ8 genotypes, environmental factors (gluten intake), and autoantigen to 
tissue transglutaminase (tTG), which are known to play an important role in the 
pathogenesis[3]. In addition to genetic susceptibility and gluten exposure, loss of 
intestinal barrier function, gluten-induced proinflammatory innate immune response, 
inappropriate adaptive immune response, and unbalanced gut microbiome all seem to 
be components of the celiac disease autoimmunity[3]. More than 99% of celiac patients 
have HLA-DQ2 or HLA-DQ8 compared to 40% in the general population[4].

It has been suggested that breast milk, mode of delivery, and the age of gluten 
intake in infants are a risk for developing celiac disease and may affect the incidence of 
celiac disease. However, there is a limited information in retrospective studies that 
those factors affect the risk of developing celiac disease[5-7].

Furthermore, it has been suggested that gastrointestinal system (GIS) infections 
such as rotavirus may increase the risk of developing celiac disease, and therefore 
rotavirus vaccine may significantly reduce the risk of celiac disease especially in 
infants with gluten intake before 6 mo[8].

EPIDEMIOLOGY
The prevalence of celiac disease in the general population is estimated to be 1% in the 
world[9]. The seroprevalence of celiac disease and a biopsy-proven prevalence of 
celiac disease in the world is 1.4% and 0.7%, respectively[10]. Its prevalence varies 
depending on geographical and ethnic variations. The highest prevalence is in Europe 
(0.8%) and Ocenia (0.8%), and the lowest prevalence is in South America (0.4%). The 
biopsy-proven prevalence of celiac disease was found to be 1.5 times higher in women 
than men, and approximately two times higher in children than adults. The reason for 
this difference may be genetic factors [human leukocyte antigen (HLA) and non-HLA 
genes], environmental factors such as wheat consumption, age at gluten intake, 
gastrointestinal infections, proton pump inhibitor and antibiotic use, and the rate of 
cesarean section[10-12].

Celiac disease can occur at any age from early childhood to old age. It has two 
peaks; the first peak occurs after gluten intake within the first 2 years of life, the 
second is seen in the second or third decade of life. The diagnosis of celiac disease is 
difficult because symptoms vary from patient to patient[13].

The prevalence of celiac disease has increased significantly in the last 30 years, the 
reason for this is not only the increased knowledge and awareness of physicians about 
celiac disease but also due to the widespread use of highly sensitive and specific 
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diagnostic tests for celiac disease[14,15]. For example, the incidence of pediatric celiac 
disease in Canada has increased 3-fold after the use of the endomysial antibody (EMA) 
test[16]. Despite increased awareness and knowledge about celiac disease, up to 95% 
of celiac patients still remain undiagnosed[17-19]. The delay in celiac disease diagnosis 
is reported to be 4-10 years in some studies[20,21]. There are many undiagnosed cases 
even in developed countries. Very few patients have clinically significant signs of 
celiac disease. The majority of cases have atypical signs or vague symptoms, so the 
diagnosis could not be made or diagnosis is delayed[22,23]. The reason for delayed or 
overlooked diagnosis may be the limited accessibility to serological diagnostic tests in 
developing countries and the lack of experienced specialists in this field[24].

The risk of developing celiac disease is higher in first- and second-degree relatives 
of celiac patients, Down syndrome, type 1 diabetes mellitus (DM), selective immuno-
globulin (Ig)A deficiency, autoimmune thyroiditis, Turner syndrome, and Williams 
syndrome (Table 1)[25-28]. Screening tests for celiac disease at risk groups such as type 
1 DM, autoimmune thyroid diseases, and first degree relatives of celiac patients also 
contributed to the increase in prevalence of celiac disease[27,29,30].

The prevalence of celiac disease in first degree relatives of celiac patients is as high 
as 10%-20%[1,31]. In a recent study of Sahin et al[32] the prevalence of celiac disease 
(CD) in siblings of pediatric celiac patients is reported to be 3.9%. The prevalence of 
CD in monozygotic twins has been found as high as 75%-80%[33,34].

In recent years, there has been a marked increase in the number of people having 
gluten-free diet. Furthermore, it has been observed that first-degree relatives of celiac 
patients start on a gluten-free diet before serologic tests for celiac disease were 
performed[35]. Therefore, before performing a serological test for celiac disease, it 
should be paid attention to whether they are on a gluten-free diet. Otherwise, the 
result of serological tests may be negative, and it would be difficult to diagnose celiac 
disease. Patients should take gluten-containing foods for 2-8 wk before serological 
tests[36].

CLINICAL MANIFESTATIONS
Symptoms usually occur in children after ingestion of gluten containing grains 
between 4 and 24 mo. There may be a delay or latent period between gluten intake and 
the onset of symptoms[37].

GIS and extra-intestinal manifestations are common in celiac disease[38]. The main 
GIS manifestations of celiac disease are chronic diarrhea, recurrent abdominal pain, 
nausea, vomiting, and abdominal distension. Common extra-intestinal manifestations 
are failure to thrive, short stature, chronic anemia, osteopenia, osteoporosis, delayed 
puberty, dental enamel defect, irritability, chronic fatigue, neuropathy, arthritis, 
arthralgia, amenorrhea, and increased liver enzymes[1,38].

Symptoms are usually different in infants than older children. Diarrhea, anorexia, 
abdominal distension, and abdominal pain are usually seen in younger children. If the 
diagnosis is delayed, failure to thrive, irritability, and severe malnutrition can be seen. 
GIS symptoms such as diarrhea, nausea, vomiting, abdominal pain, abdominal 
distension, weight loss, and constipation may occur in older children depending on 
the amount of gluten intake[28,37]. GIS signs of celiac disease such as diarrhea are seen 
in approximately 50% of patients[39-41].

The presentations of CD have significantly changed in the last few decades[41-48]. 
Classical symptoms of celiac disease occur in a minority of celiac patients, while older 
children have either minimal or atypical symptoms. GIS symptoms are mild or 
nonspecific[48,49].

It has been shown that pediatric patients diagnosed with celiac disease who are 
younger age at the diagnosis have less severe symptoms in the last 20 years. Also, it 
has been reported that the rate of asymptomatic patients, closer follow up, and strict 
adherence to gluten-free diet is higher in the last 10 years and that normalization of 
serological tests is faster than in the last decade[42].

Recently, the clinical symptoms of children with celiac disease are observed to 
change from GIS symptoms to extra-intestinal symptoms[39,50]. The exact reason for 
this is unclear, but it has been suggested that there may be increased awareness and 
widespread use of highly sensitive and specific serologic tests. It has been reported 
that isolated short stature is seen in up to 47.5% of celiac patients[41,51].
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Table 1 Groups with higher risk of developing celiac disease

Groups with higher risk of developing celiacdisease

First-degree relatives of celiac patients

Second-degree relatives of celiac patients

Type 1 diabetes mellitus

Autoimmune thyroid disease

Autoimmune liver disease

Down syndrome

Turner syndrome

Williams syndrome

Selective IgA deficiency

Systemic lupus eryhtematosus

Juvenile chronic arthritis

EXTRA-INTESTINAL MANIFESTATIONS
Extra-intestinal findings are seen in up to 60% of pediatric celiac patients (Table 2)[52]. 
Short stature is the most common finding in children[52-54]. It has been reported that 
10%-47.5% of pediatric celiac patients have short stature at the time of diagnosis[41,54-
57]. Nineteen percent to 59% of the non-endocrinologic causes of short stature are 
reported to be celiac disease[55,56,58-60]. Starting a gluten-free diet in the early period 
causes rapid growth and weight catch up, especially in the first 6 mo. The target height 
is usually reached within 3 years after diagnosis. If the target height is not reached 
despite a strict gluten-free diet, endocrinological evaluation should be done to rule out 
growth hormone deficiency[55,61-63].

Hypogonadism in girls and delayed puberty in boys due to androgen resistance is a 
common finding in undiagnosed or untreated pediatric celiac patients[55,64,65]. 
Delayed puberty is seen in 10%-20% of celiac patients[52,66]. Generally, the develop-
ment of puberty occurs within 6-8 mo after starting a gluten-free diet. If delayed 
puberty persists, the patient should be referred to pediatric endocrinology for further 
evaluation of other disorders of the reproductive system[55,67].

Iron deficiency anemia is seen in up to 40% of pediatric celiac patients[52,53,68,69]. 
Since iron is absorbed from the first part of the duodenum, which is mainly affected by 
celiac disease, iron deficiency anemia is common in celiac patients. It has been 
reported that 84% of pediatric celiac patients have the complete recovery of iron 
deficiency anemia with a strict gluten-free diet and iron supplementation therapy 
within 12-24 mo[52].

Hypertransaminasemia is seen in 9%-14% of celiac patients[70]. Mostly, liver 
damage is reversible, and liver failure rarely occurs[71]. It has been suggested that as a 
result of exposure to more hepatotoxins through the portal circulation due to the 
altered intestinal permeability, inflammation and liver damage may occur[54,72]. The 
response to a strict gluten-free diet is excellent. The increased liver enzymes return to 
normal by the rate of 75%-90% within 12-24 mo with a strict gluten-free diet[73].

Osteopenia and osteoporosis are usually seen in patients with celiac disease. 
Approximately 75% of celiac patients have osteopenia and 10%-30% have osteoporosis
[74]. Secondary hyperparathyroidism occurs due to the insufficient absorption of 
vitamin D and calcium from the damaged duodenal mucosa. It is commonly seen in 
12%-54% of celiac patients[75]. Normal blood levels of vitamin D and calcium is 
observed within the first year after a strict gluten-free diet[76,77].

The most common joint and muscle disorders seen in celiac disease are myopathy, 
arthralgia, and non-erosive arthritis[55,78]. Since arthralgia is mostly seen after the age 
of 12, the most common finding in pediatric celiac patients is subclinical synovitis. It is 
most commonly seen in the knee joint. Its incidence is 5%-10%[54]. Since symptoms 
are mild, ultrasonography is important in the diagnosis of joint disorders.

The most common finding of neurological manifestations is headache, which is seen 
in up to 20% of celiac patients. More rarely, ataxia and neuropathy (0.1%-7.4%) are 
seen[79,80]. The prevalence of epilepsy is reported to be 1.43 times higher in children 
with celiac disease compared to the general population[81]. The relationship between 
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Table 2 Extra-intestinal manifestations of celiac disease

Extra-intestinal manifestations of celiac disease

Short stature

Anemia

Osteopenia/osteoporosis

Delayed puberty

Dental enamel defects

Dermatitis herpetiformis

Recurrent aphtous stomatitis

Neurological manifestations; peripheral neuropathy, epilepsy, ataxia, headache

Arthritis, arthralgia

Infertility

Amenorrhea

Elevated liver enzymes

Alopecia

Anxiety, depression

epilepsy and CD is still unclear.
The exact prevalence of enamel defects in celiac disease is unknown. In recent 

studies, it has been reported that enamel defects are seen in 55%-64% of celiac patients
[82,83].

Aphthous stomatitis is seen in up to 46% of celiac patients[84]. Although its 
mechanism is not known exactly, it is usually completely cured with a strict gluten-
free diet[52].

Dermatitis herpetiformis is thought to be an extra-intestinal manifestation of celiac 
disease, but it is relatively rare in pediatric celiac patients in Finland[85]. Unlike celiac 
disease, its annual incidence is decreasing. The reason for this is unknown exactly[85]. 
In contrast to that study, it has been reported that it is more common in childhood[86].

ASSOCIATED DISEASES WITH CELIAC DISEASE
The risk of another autoimmune disease is three to 10 times higher in patients with 
celiac disease compared to the general population[87,88].

The most common accompanying disease is type 1 DM since it has common genetic 
factors and pathogenic mechanisms with celiac disease[89]. HLA-DQ2 is present in 
approximately 90%-95% of celiac patients and 50% of type 1 DM patients, but HLA-
DQ8 is detected in approximately 10% of celiac patients and approximately 70% of 
type 1 DM patients[90]. In a systematic review, the prevalence of celiac disease in 
patients with type 1 DM was reported to be approximately six times higher than in the 
general population[91]. The prevalence of celiac disease was reported to be 2.4%-16.4% 
in children with type 1 DM[92-95]. There is consensus about initial screening for celiac 
disease in newly diagnosed DM patients, but it is not clear when and how often to 
screen for celiac disease and initiate a gluten-free diet in asymptomatic patients[93]. It 
has been recommended that screening test for CD should be done at the time of type 1 
DM diagnosis and then every 2 years[96]. In another study, it was recommended that 
children diagnosed with type 1 DM should be screened for celiac disease once a year 
for the first 5 years[92]. In other studies, it has been recommended that serological 
screening tests for celiac disease should be done within the first 2 years when the 
diagnosis is made, then 5 years after the diagnosis and if there is any symptom 
suggestive of CD[93,97]. Since 58%-85% of type 1 DM patients diagnosed with CD are 
asymptomatic, early diagnosis of CD is very important to prevent long-term complic-
ations such as failure to thrive, osteopenia, infertility, and malignancy[29,77,92,93,98,
99].

There is good evidence that autoimmune thyroid diseases are associated with celiac 
disease[1,100]. The prevalence of celiac disease in patients with autoimmune thyroid 
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disease is found to be 3.0%-4.8%[30,101,102].
Also, the prevalence of celiac disease in patients with selective IgA deficiency is 

reported to be 10-20 times higher than in the general population[103].
There is a close relationship between Down syndrome and celiac disease. The 

prevalence of celiac disease in patients diagnosed with Down syndrome is reported to 
be 5%-12%[104-108]. The North American Society for Paediatric Gastroenterology, 
Hepatology and Nutrition and The European Society for Paediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN) recommend screening tests for celiac disease 
in children with Down syndrome due to the increased risk of developing celiac disease
[28]. In a study conducted in 2020, involving 1317 pediatric patients with Down 
syndrome aged 3 and over, the prevalence of celiac disease was found to be 9.8% in 
children with Down syndrome[109]. If screening test for celiac disease is not done, the 
diagnosis of celiac disease is either overlooked or delayed in 82% of the patients with 
Down syndrome, thus causing increased morbidity[109].

The increased prevalence of celiac disease is also seen in autoimmune liver disease, 
Turner syndrome, and Williams syndrome[1,110-116].

THE DEFINITONS RELATED TO CELIAC DISEASE
Silent celiac disease
Silent celiac disease is defined by the presence of celiac antibodies and HLA-DQ2 or 
HLA-DQ8 and small intestinal biopsy findings compatible with celiac disease 
especially in patients with autoimmune disease or a genetic disorder or relatives of 
celiac disease but without any symptoms suggestive of CD[1].

Potential celiac disease
Potential celiac disease is defined by the presence of celiac antibodies, HLA-DQ2 or 
HLA-DQ8, but intestinal biopsy is not compatible with celiac disease. Marsh classi-
fication score 0 or 1 is detected in intestinal biopsy, and the risk of developing celiac 
disease is increased[117].

Clinical symptoms and signs of the celiac disease are not always seen. Even if there 
are clinical findings, they are usually mild. The diagnosis of potential CD has 
increased significantly in recent years due to increased use of serological screening for 
celiac disease in the general population. A lower prevalence of HLA-DQ2 and a higher 
prevalence of HLA-DQ8 are detected in potential celiac patients compared to active 
celiac patients[118].

It should be considered that the cause of negative intestinal biopsy may be the 
patchy involvement of the small intestinal mucosa, low gluten intake, and inappro-
priate biopsy orientation[119].

Its treatment is still uncertain and controversial. There is no consensus about how 
often celiac serological tests should be performed in potential celiac patients on a 
gluten-containing diet, and how often they should be evaluated clinically[120]. It has 
been reported that villous atrophy is observed in 33% of symptomatic potential celiac 
patients after 3 years[121]. Therefore, it has been suggested that symptomatic patients 
should be given a gluten free diet.

Refractory celiac disease
Refractory celiac disease is characterized by the persistence of symptoms and intestinal 
villous atrophy despite a strict gluten-free diet for at least 12 mo. Generally, celiac 
antibodies are negative in most patients at the time of diagnosis, but the presence of 
high-titer antibodies does not rule out the refractory celiac disease. In all cases, dietary 
adherence should be carefully questioned. It can cause complications such as 
ulcerative jejunoileitis, collagenous sprue, and intestinal lymphoma[117].

Seronegative celiac disease
It is characterized by the presence of clinical signs of severe malabsorption and 
intestinal villous atrophy and negative celiac antibodies[122]. It constitutes approx-
imately 2%-3% of celiac patients. Seronegative celiac disease can be confirmed with 
improvement in both symptoms and histology 1 year after starting a gluten-free diet
[122]. Compared with classical celiac disease, seronegative celiac patients are associa-
ted with a higher rate of autoimmune disease, and these patients have a higher risk of 
developing refractory celiac disease[122].
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In this form of celiac disease, genetic analysis is the key step for the diagnosis, 
because if it is found as negative, celiac disease is ruled out. Other diseases causing 
villous atrophy are parasitic infections (e.g., Giardia lamblia), autoimmune enteropathy, 
small intestinal bacterial overgrowth, common variable immunodeficiency, eosino-
philic gastroenteritis, drug induced enteropathy (e.g., olmesartan, mycophenolate), 
intestinal lymphoma, Crohn's disease, tropical sprue, human immunodeficiency virus 
enteropathy, and Whipple disease should be considered in the differential diagnosis 
(Table 3)[122-124].

Non-responsive celiac disease
Non-responsive celiac disease is defined by the persistence of GI symptoms more than 
12 mo despite a strict gluten-free diet. The most common causes of non-responsive 
celiac disease are persistent gluten ingestion and incorrect diagnosis[125,126]. It needs 
to be differentiated from active celiac disease and other conditions associated with 
celiac disease.

DIAGNOSIS
The clinical symptoms of celiac disease are very diverse. Celiac patients may present 
with symptoms of GIS or extra-intestinal symptoms or no symptoms at all. Therefore, 
serologic tests for celiac disease should be done in patients with unexplained chronic 
or intermittent diarrhea, failure to thrive, weight loss, delayed puberty, short stature, 
amenorrhea, iron deficiency anemia, nausea, vomiting, chronic abdominal pain, 
abdominal distension, chronic constipation, recurrent aphthous stomatitis, and 
abnormal liver enzyme elevation[1].

Furthermore, celiac disease should be investigated in patients with high risk of 
developing celiac disease, such as type 1 DM, Down syndrome, autoimmune thyroid 
disease, Turner syndrome, selective IgA deficiency, autoimmune liver disease, and 
first-degree relatives of celiac patients, even if they are asymptomatic[1].

Celiac disease is diagnosed by a variable combination of symptoms, positive celiac 
antibodies, presence of HLA-DQ2/DQ8, and duodenal histology[1].

ESPGHAN guidelines from 2012 recommend tissue tTG-IgA test, which is highly 
sensitive and specific and less costly compared to EMA IgA antibody test, as an initial 
screening test for suspected celiac disease, and the total IgA test to rule out selective 
IgA deficiency. The analysis of deamidated gliadin peptide (DGP) IgA test is recom-
mended for children under 2 years of age. If there is IgA deficiency, the tTG-IgG test or 
the EMA-IgG test or the DGP-IgG test should be performed[1].

If serological tests are negative for tTG-IgA and total IgA level is normal, celiac 
disease is unlikely. In this condition, the reasons leading to the false negative tTG 
result should be considered. Those are low gluten intake, protein-losing enteropathy, 
use of immunosuppressive drugs, and patients under 2 years of age. If the tTG is 
found as positive [lower than 10 times upper limit of normal (ULN)], gastroduoden-
oscopy and multiple biopsies of the small intestine should be performed to confirm the 
diagnosis[1].

If the tTG is higher than 10 times ULN in a symptomatic patient, it should be 
discussed with the parents in order to make a diagnosis of celiac disease without 
biopsy. If the parents agree, EMA test and HLA-DQ2/DQ8 analysis are performed. To 
rule out false positivity of the tTG test, an EMA test is performed from a second blood 
sample. If EMA and HLA-DQ2 or HLA-DQ8 are positive, celiac disease is diagnosed 
without biopsy[1]. In practice, it has been reported that this reduces the need for 
endoscopy by 30%-50%[127].

Since celiac disease causes patchy involvement in the small intestine, at least four 
biopsies from the duodenum and at least one biopsy from the bulbus should be 
performed by gastroduodenoscopy. Biopsies are evaluated according to modified 
Marsh-Oberhuber classification (Table 4)[128]. Since the lesion of celiac disease can 
only be seen in the bulb, at least one biopsy should be taken from the bulb[129].

While interpreting the serological test results of celiac disease, serum total IgA 
levels, the amount of gluten consumption, use of immunosuppressive drugs, and age 
of the patient should be considered[1]. IgG class celiac antibody tests should be 
performed in patients with low serum IgA levels (total serum IgA < 0.2 g/L)[1].

If the patient has the gluten-free diet for a long time or gluten-free diet for a short 
time before testing, false negative results may occur[130]. Therefore, patients should 
take definitely gluten-containing foods before the test. Gluten challenge test should be 
performed for patients with a gluten-free diet before serological tests, 3-7.5 g/d gluten-
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Table 3 Other diseases causing villous atrophy

Other diseases causing villous atrophy

Parasitic infections (Giardia lamblia)

Autoimmune enteropathy

Small intestinal bacterial overgrowth

Common variable immunodeficiency

Cow's milk or soya protein hypersensitivity

Intractable diarrhea of infancy

Eosinophilic gastroenteritis

Drug induced enteropathy (e.g., olmesartan, mycophenolate)

Intestinal lymphoma

Crohn's disease

Human immunodeficiency virus enteropathy

Tropical disease

Table 4 The modified Marsh classification

IEL Crypts Villi

Type 0 < 40 Normal Normal

Type 1 > 40 Normal Normal

Type 2 > 40 Hypertrophic Normal

Type 3a > 40 Hypertrophic Mild atrophy

Type 3b > 40 Hypertrophic Marked atrophy

Type 3c > 40 Hypertrophic Absent

IEL: Intraepithelial lymphocyte count/100 epithelial cells.

containing diet (approximately two slices of bread) is recommended for 2 wk[131].
If the patient is strongly suspected of celiac disease, multiple intestinal biopsy and 

HLA-DQ2/DQ8 analysis are recommended, even if the serological tests for celiac 
disease are negative. If the histology is compatible with celiac disease but HLA-DQ2/8 
negative, celiac disease is unlikely and other causes of enteropathy should be invest-
igated (Table 3)[1]. Celiac disease is diagnosed if the celiac serological tests are positive 
and the biopsy is compatible with celiac disease.

ESPGHAN guidelines from 2020 report that the tTG-IgA test and total IgA test 
combination give more accurate results than other test combinations as the initial test 
for suspected celiac disease regardless of age. If total IgA level is found to be low, tTG-
IgG test or EMA-IgG test or DGP-IgG test should be performed (Figure 1)[119].

If the tTG test is found as positive (> 10 times ULN), HLA-DQ2/8 analysis is not 
recommended in the ESPGHAN 2020 guidelines even if the patient is asymptomatic. It 
has been suggested that the EMA test should be checked in a second blood sample and 
if the EMA test is detected positive and the family agrees, celiac disease can be 
diagnosed without biopsy. In other words, the presence of HLA-DQ2/8 analysis and 
clinical symptoms are not mandatory for celiac diagnosis in last guideline in 2020 
(Figure 1)[119].

If HLA-DQ2/DQ8 test is negative, the probability of celiac disease is low, but a 
positive HLA-DQ2/DQ8 test does not confirm the diagnosis of celiac disease[132]. If 
the tTG test is detected positive (< 10 times ULN), multiple intestinal biopsy is 
recommended to rule out false positivity. It is not recommended to diagnose without 
biopsy in patients with selective IgA deficiency even if IgG-based antibody positivity 
is detected[119].
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Figure 1 Algorithm for diagnosis of celiac disease. CD: Celiac disease; DGP: Deamidated gliadin peptide; EMA: Endomysial antibody; tTG: Tissue 
transglutaminase antibody; ULN: Upper limit of normal.

It has been considered that villous atrophy may be seen in other GIS diseases such 
as parasitic infections, autoimmune diseases, bacterial overgrowth in the small 
intestine, and Crohn's disease (Table 3)[133].

It has been reported that the pooled sensitivity and specificity of tTG or DGP or tTG 
+ antigliadin antibodies for diagnosing celiac disease is 94.0% and 94.4%, respectively, 
in a systematic review[134]. It has been suggested that those tests can be used in places 
where access to laboratory tests is limited.

MANAGEMENT
Currently, the only effective treatment is a lifelong gluten-free diet. Significant 
improvements in symptoms, normalization of biochemical tests, and improvement in 
quality of life with a strict gluten-free diet are seen[135].

Rapid improvement in clinical symptoms is observed within 2-4 wk in children. 
Serological and histological responses are slower compared to clinical symptoms[136]. 
Although histological response in children is observed within 2 years by a rate of 95%, 
this rate is 60% in adults[137].

The amount of tolerable gluten varies from patient to patient. As little as 50 mg of 
gluten, present in a few amounts of bread crumbs or a small piece of cake or traces of 
contamination, may cause symptoms and/or enteropathy in asymptomatic patients
[135,138]. It is unlikely that a gluten intake of less than 10 mg/d will cause significant 
histological abnormality[139].

Adherence to the gluten-free diet is better in children diagnosed with CD at an early 
age and those who continue to follow up regularly. It is less in adolescents compared 
to adults[135].

It has been reported that there is a direct relationship between the duration of 
exposure to the gluten-free diet and increased autoimmune disorders[140].

In a multicenter prospective study involving 6605 children with the HLA genotype 
associated with celiac disease, it was shown that the amount of gluten exposure in the 
first 5 years of life is associated with the development of celiac disease and celiac 
autoimmunity[141]. Since celiac disease is a multisytemic disease that affects multiple 
organs, a lifelong gluten-free diet may reduce malignant and non-malignant complic-
ations[142].
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FOLLOW-UP
Currently, there are no standard evidence-based recommendations for the follow-up 
of pediatric celiac disease[143].

Patients with celiac disease should be followed up 6 mo after diagnosis and every 6 
mo in terms of improvement in symptoms, compliance with the gluten-free diet, 
quality of life, and progressive normalization of celiac-associated antibodies. Screening 
tests should be done in terms of autoimmune thyroid disease. A control duodenal 
biopsy is not required after a gluten-free diet. However, if there is a partial or no 
response to the gluten-free diet, careful examination should be done for involuntary 
gluten contamination or poor compliance with the gluten-free diet. If the response to a 
strict gluten-free diet is poor, duodenal biopsy can be performed[135,143,144].

Earlier diagnosis of celiac disease in asymptomatic patients is associated with better 
quality of life as well as better compliance with the gluten-free diet[42,145,146].

It has been shown that pediatric patients who are lost to follow up are less adherent 
to the gluten-free diet and have positive celiac serological antibodies[147]. It has been 
shown that the regular control is very important.

Routine testing for vitamin and mineral deficiency is reported to be unnecessary in 
the vast majority of children who follow up to regular controls and have normal 
growth and development and have no symptoms[148].

The essential marker of the success of the gluten-free diet is still satisfactory height 
and weight gain in children and adolescents[135].

The best marker of proper follow-up and management is the decline in the antibody 
levels and the return of antibody levels to normal in follow-up. The presence of 
persistent positive antibodies usually indicates ongoing intestinal damage and gluten 
exposure. Serological follow-up should be done within 6 mo and 12 mo after diagnosis 
and then once a year[149].

tTG-IgA test is reported to be best test in follow up[150]. It has been shown that the 
average time to return to normal levels of the tTG test in patients with strictly adherent 
to the gluten-free diet is 1 year[151].

It has been detected that there is no correlation between symptoms and mucosal 
healing[152]. Gluten challenge test can be performed in cases when there is a doubt 
about the initial diagnosis of celiac disease. However, HLA typing should be done 
before evaluation of mucosal damage. Gluten challenge is not recommended under 5 
years of age and during pubertal development[1].

In recent studies, it has been reported that gluten consumption can be shown in 
symptomatic and asymptomatic patients who are unaware of gluten intake by gluten 
immunogenic peptide tests in stool and urine[153,154]. Gluten intake of more than 50 
mg/d for stool test and more than 25 mg/d for urine test seems to be necessary for the 
sensitivity of the test[153]. Dietary adherence to the gluten-free diet can be evaluated 
with this test. It can replace serological tests in follow-up, but its use in routine practice 
is still uncertain and further studies are needed.

DIETS AND NEW TREATMENTS
Currently, the only effective treatment is still to avoid gluten completely for life. The 
adherence to the gluten-free diet has some disadvantages; negative impact on quality 
of life, psychological problems, involuntary gluten contamination, possible vitamin 
and mineral deficiencies, metabolic syndrome, increased cardiovascular risk, and 
severe constipation[153,155-157].

Approximately 40% of celiac patients are not satisfied with the gluten-free diet due 
to the negative effect on their quality of life and seek alternative treatments[158,159].

Clinical studies are still ongoing in the treatment of celiac disease. Larazotide 
acetate is a zonulin antagonist that blocks the tight junction, thus restricting the 
passage of gluten through the permeable intestinal mucosa[160]. This drug is shown to 
be effective in controlling gluten-related symptoms[160]. There is also limited 
information that larazotide may allow patients to tolerate minimal amounts of gluten 
(involuntary gluten contamination or short-term feeding with a small amount of 
gluten).

ALV003 (latiglutenase) reduces gluten into small pieces in the stomach before it 
passes into the duodenum[161]. In a study involving 494 celiac patients, latiglutenase 
was compared with placebo. It has been shown that latiglutenase did not improve 
histological findings or symptoms[162]. Further studies are needed.
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Vaccination (Nexvax2) is another therapeutic option intended to be used for desens-
itization in celiac patients against gliadin peptides. Although its major side effects are 
abdominal pain and vomiting, it passed phase 1. Given the effectiveness of vaccines, it 
can be a definitive cure for celiac disease[163].

COMPLICATIONS
Complication are usually manifested in late-diagnosed celiac patients (after the age of 
50) and in patients not adhering to a strict gluten-free diet. These patients have a 
higher mortality than the general population[164], but complications are rare (< 1%)
[165].

Complications of celiac disease include hyposplenism, refractory celiac disease, 
intestinal lymphoma, small bowel adenocarcinoma, and ulcerative jejunoileitis[166].

Despite adhering to a gluten-free diet and having complaints that cannot be 
explained by any other reason, complications should be considered in every patient 
whose symptoms persist.

CONCLUSION
Celiac disease is a lifelong multi-systemic disease triggered by intake of gluten in 
genetically susceptible individuals.

Serologic tests for CD should be done in patients with unexplained chronic or 
intermittent diarrhea, failure to thrive, weight loss, delayed puberty, short stature, 
amenorrhea, iron deficiency anemia, nausea, vomiting, chronic abdominal pain, 
abdominal distension, chronic constipation, recurrent aphthous stomatitis, and 
abnormal liver enzyme elevation.

Since tTG-IgA test and total IgA test combination give more accurate results than 
other test combinations, ESPGHAN 2020 guideline recommends this combination as 
the initial test for suspected celiac disease regardless of age. While interpreting the 
serological test results of celiac disease, serum total IgA levels, the amount of gluten 
consumption, use of immunosuppressive drugs, and age of the patient should be 
considered.

Early diagnosis of CD is very important to prevent long-term complications such as 
failure to thrive, osteopenia, infertility, and malignancy.

Currently, the only effective treatment is a lifelong gluten-free diet.
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