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Abstract: Although people with human leukocyte antigens (HLA) DQ2 and/or DQ8 are more likely
to develop celiac disease (CD), the condition cannot be fully explained by this genetic predisposition
alone. Multiple, as yet unidentified, factors contribute to the genesis of CD, including genetics, the
environment, and the immune system. In order to provide insight into a prospective possibility and
an expanded screening technique, we aim to undertake a comprehensive and meta-analytical study of
the assessment and distribution of HLA class II (HLA-DQ2/DQ8) in adult CD patients. A systematic
review was conducted using an electronic search of databases (PubMed, Google Scholar, Embase, and
Direct Science) from January 2004 to February 2022. DQ2/DQ2 homozygotes have the highest risk of
developing CD. DQ2/DQ8 typing is an effective test to exclude CD from the differential diagnosis of
a patient with CD symptoms. Although other non-HLA genes have been associated with CD, they
are rarely considered at diagnosis because they account for only a small proportion of the heritability
of CD. This finding, together with the information gathered previously, may be useful in considering
widely available and economically feasible screening options for celiac disease in young people.

Keywords: celiac disease; HLA DQ2; HLA DQ8; adult; systematic review

1. Introduction

Celiac disease is an autoimmune disorder triggered by eating gluten, a protein essen-
tial to wheat, barley, and rye, in those who are susceptible to it because of their genes [1,2].
CD has a high heritability of 75%. However, the non-HLA heritability is just 68%. The
remaining CD variability is attributed to both shared (17%) and non-shared (15%) environ-
mental variables [3]. The leukocyte histocompatibility antigen genes HLA-DQ2 encoded by
(HLA-DQA1*05-DQB1*02) and HLA DQ8 encoded by (DQA1*03-DQB1*0302) located on
chromosome 6p21 are the most important genes for the predisposition to this disorder [4].
Most celiac disease patients express the HLA-DQ2 haplotype (90%), around 5% of CD
patients express the HLA-DQ8 haplotype, and almost 5% of the remaining individuals
carry at least one of the two genes [5]. CD’s prevalence varies by region, but estimates
place it between 0.5 and 1% worldwide [6,7]. CD seems to be more prevalent in patients
suffering from autoimmune diseases and genetic diseases than it is among healthy persons.
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In the United States, the rate of CD prevalence is 0.71% (1 in 141 people), which is on
par with the rates seen in some European nations. CD is more common in Finland and
Sweden, where the rate is 2–10%, than in Germany, where it is just 0.20% [8]. Most instances,
however, go undetected. This frequency varies with age, geographical area, and gender.
Serological testing found a prevalence of 1.4% for celiac disease, whereas biopsy testing
found a frequency of 0.7% [9,10]. Analysis of CD prevalence in four regions (Oceania, the
Middle East, East Asia, and South Asia) revealed that South Asia had the greatest incidence
of CD (0.8%) and (7.1%) among low- and high-risk populations, respectively. The highest
seroprevalence of CD (1.4%), however, is seen in Middle Eastern nations [11].

It is believed that the prevalence rate in Africa is around 1.1%. In point of fact, the
frequency of the HLA-DQ2 haplotype in the population, as well as the consumption of
wheat, is greater in North Africa than it is in sub-Saharan Africa [12]. Patients who suffer
from celiac disease almost always have abnormal intestinal permeability [13]. Increased
intestinal permeability was more common among celiac disease patients with active illness
compared to those in remission [14]. Despite the growing non-classical appearance, mi-
cronutrient deficiencies are nevertheless frequent in individuals with CD [15]. However,
this multi-systemic disorder is also present in the asymptomatic form that has been shown
in particular in adults who tend to remain asymptomatic or oligosymptomatic [16]. Over
the last two decades, however, the presentation of celiac disease in adults has shifted, and
now, in 60% of instances, the illness manifests in extra-digestive forms [17].

Our goal is to perform a meta-analysis of the study of HLA class II human leukocyte
antigens (HLA-DQ2/DQ8) in adult patients with CD to provide light on a possible view-
point and method for broader screening. In contrast to several other reviews, we are only
interested in material pertaining to CD and not gluten intolerance or sensitivity [18].

2. Research Methodology
2.1. Methods

We did an extensive search on the Google Scholar, Science Direct, Pub Med, Embase,
and Medline databases using the following keywords (HLA OR HLADQ antigens OR
HLA OR HLADQ antigens OR human leukocyte antigen (leukocyte OR leukocytes) AND
(antigen OR antigens)) AND (HLADQ2 OR HLADQ8 OR HLADQ2 and HLADQ8) OR
((celiac OR celiac disease OR CD) AND (HLA OR HLADQ antigens OR adult OR adults)).
Our search was restricted to the English language, and one of the topic phrases we used was
“celiac illness.” The topic terms of the technique for finding the frequency of predisposing
genes were “HLA antigens,” “class II histocompatibility antigens,” or “major histocompati-
bility complex antigens,” and the text words were “DQ2” and “DQ8.” A manual search of
the references of the studies whose complete texts were examined was another method that
was used to locate the papers. When searching for publication, time, status, or the language
of publishing, no constraints were used. Abstracts that were not also made available in
full-text format were not considered for inclusion in this research.

We conducted a meta-analysis of all available literature on the topic of HLA DQ and
Celiac disease in adults.

A.S. and K.O. both did the literature evaluation, read all of the entire texts, and inde-
pendently selected which studies to include and which to exclude based on the inclusion
and exclusion criteria. A discussion was used to iron out any differences of opinion between
the 2 writers. In the event of a prolonged dispute, the senior member of the team (K.T)
would go through the data and make a decision.

2.1.1. The Selection Criteria

Prior to beginning the literature search, we established what would be considered
included and what would be disqualified. Studies that matched the following criteria and
were published as full articles or abstracts were included in this meta-analysis:

1. The study must be designed for adults CD patients;
2. Studies involving patients with CD and not gluten sensitivity;
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3. The study sample must be representative—the number of participants must be greater
than 30;

4. The test subjects may be related or unrelated and include both men and women;
5. The data must include the haplotype distributions in terms of their frequency HLA

DQ2 HLA DQ8.

2.1.2. The Exclusion Criteria

1. Studies Treating Celiac Disease in Association with Another Disease;
2. Studies that focus only on children;
3. This includes many versions of the same article, letter, editorial, case series, narrative

review, systematic review, or meta-analysis. Following the title and/or reading an
abstract, we found that there were many articles that did not pertain to our topic;

4. We also don’t include studies that don’t help us answer our research question.

2.1.3. Quality of Studies

The quality of the included studies was independently assessed by 2 reviewers (S.A,
K.O) using a checklist designed by Penny Whiting (Table 1) using the QUADAS (Diagnostic
Accuracy Studies) tool for diagnostic accuracy studies [19]. This tool allows the assessment
of the quality of observational studies. Due to the complexity of interpreting the results and
the loss of information that would result from aggregating the scores from the 14 questions
(to which respondents might respond “yes,” “no,” or “unclear”), we are unable to provide a
summary score for this assessment. The point system attempts to show whether or not the
patients in the study are representative of those receiving the test in practice; the accuracy
and consistency of the reference standard; the appropriateness of the time between the
standard and the test being evaluated; the interpretation of results; the explanation; and the
synthesis and analysis of data. In cases where disagreements developed, the 2 reviewers
ultimately agreed on this evaluation.

Table 1. Results of quality evaluation using QUADAS.

[20] [21] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32]

1. Was the spectrum of patients representative of the
patients who will receive the test in practice? N Y Y Y Y Y Y Y Y Y Y Y Y

2-Were selection criteria clearly described? Y Y Y Y Y Y Y Y Y Y Y Y Y Y
3-Is the reference standard likely to correctly classify

the target condition? U U U U U U Y Y U Y Y Y Y Y

4-Is the time period between the reference standard and
index test short enough to be reasonably sure that the
target condition did not change between the two tests?

U Y Y Y U U U Y Y U U U Y Y

5-sure that the target condition did not change between
the two tests? Y U U Y Y Y Y Y Y Y U Y Y Y

6-Did the whole sample or a random selection of the
sample receive verification using a reference standard

of diagnosis?
Y Y Y Y Y Y Y Y Y Y Y Y Y Y

7-Was the reference standard independent of the index
test (i.e., the index test did not form part of the

reference standard)?
Y Y Y Y Y Y Y Y Y Y Y Y Y Y

8-Was the execution of the index test described in
sufficient detail to permit replication of the test? Y Y Y Y Y Y Y Y Y Y Y Y Y Y

9-Was the execution of the reference standard described
in sufficient detail to permit its replication? U U U U U U U U U U U U U U

10-Were the index test results interpreted without
knowledge of the results of the reference standard? Y Y Y U U Y Y U Y Y Y Y Y Y

11-Were the reference standard results interpreted
without knowledge of the results of the index test? Y Y Y Y Y Y Y Y Y Y Y Y Y Y

12-Were the same clinical data available when test
results were interpreted as would be available when the

test is used in practice?
Y Y Y Y Y Y Y Y Y Y Y Y Y Y

13-Were uninterpretable/intermediate test
results reported? Y Y Y Y Y Y Y Y Y Y Y Y Y Y

14-Were withdrawals from the study explained? Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Y: Yes, N: No, U: Unclear.
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2.1.4. Data Extraction

Both researchers (A.S. and K.O.) critically reviewed the included studies to extract
the pertinent data separately, and any disagreements were settled by consensus. Author,
year published, the year studied, country studied, population characteristics, study type,
population characteristics (number of participants, percentage of males, percentage of
women, and age of participants), and diagnosis were all retrieved.

3. Statistical Analysis

For the meta-analysis, we performed the statistical analysis using the R studio software
(Version 4.1.3, University of Auckland, Auckland, New Zealand). The random effect
model was used for the analysis. We calculated the odds ratios (OR) and 95% confidence
intervals (CI).

Heterogeneity was tested with I2- and chi2-heterogeneity. An I2 of 0–40%, 30–60%,
50–90%, and 75–100% represents heterogeneity between studies that are not significant,
moderate, substantial, and considerable, with p < 0.10 indicating statistical significance.

The data were analyzed using Statistical Package for Social Science (SPSS) version 21.
The frequencies of the clinical and histological characteristics were calculated as part of a
descriptive analysis.

4. Results
Procedures for Identifying and Selecting Studies

The predetermined search procedure yielded a total of 2969 items. The process of
selecting the 13 studies for inclusion in the meta-analysis and the method used to exclude
studies that did not meet the inclusion criteria are shown in the flowchart shown in Figure 1.
After reading the titles and/or abstracts, we eliminated any studies that did not directly
address our research question or objectives, as well as any studies that were too small to
publish in full. We also disqualified any studies that dealt with HLA in patients with celiac
disease in conjunction with another disease. Moreover, n = 22 articles were subsequently
obtained, and after a review of the full text, the references among these 22 studies were
screened, and n = 7 studies that deal with CD in children were excluded, as well as two
further studies.

We extracted 30,183 patients’ information from 13 studies. Independent references
from 13 studies were included in this study. The largest sample size for the individual
study was n = 25,025, and n = 49 was the smallest sample size. The other characteristics
of this study are summarized in Table 2. Table 2 shows that the majority of CD patients
included in the study were female (63%), with a mean age of [42.70 ± 14.21]. The clinical
characteristics (Table 3) of the patients included anemia (70%), diarrhea (22%), and autoim-
mune enteropathy (14%). The histological distribution (Table 4) of CD patients was 70% for
Marsh I, 15% for Marsh II, and 14% for Marsh III.

The forest plot (Figure 2) shows that all 13 studies were included in the meta-analysis
and provided information on the distribution of the HLA DQ2 gene. The random effects of
the meta-analysis show that patients with celiac disease have a higher risk of expressing
the HLA DQ2 gene (OR = 2.39; 95% CI, 1.15–4.96), or the risk was significantly higher for
a patient with CD (p-value = 0.0190) according to the random effects model. Although
data from eight isolated studies suggest that HLADQ2 is a significant risk factor, three
studies showed that it is not significant, and two studies are neutral for CD patients and
report that HLADQ2 has no effect on CD. The overall effect was significant (p = 0.0190
by random-effects model p-value < 0.0001 by fixed-effects model) and indicated a higher
risk of expressing HLADQ2 in a patient with celiac disease. Of note, the heterogeneity
(I2 = 97%) and heterogeneity tests were significant (χ2 = 403.21; p < 0.01).
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Table 2. Characteristics of Included Studies on CD Patients.

Author Years of
Publication

Country
(City)

Number of
Participants

Patient/
Controls

Gender
Men/

Women

Age at
Diagnosis

(Years)
Study Type Diagnosis

[20] 2018 Mexico,
(Mexico) 49 30/19 11/38 53.0 ± 14.5 Exploratory

study

Serology: IgA/IgG
anti-tTG, and IgA

EmA
Endoscopy

HLA

[21] 2004
USA,
(New
York)

104 44/60 18/26 46.2 Cohort study Histology
HLA typing

[21] 2004 France,
(Paris) 507 66/441 14/12 21.7 Cohort study Histology

HLA typing

[22] 2017 China,
(Jiangxi) 147 59/88 - 18.8 ± 1.1

Cross-
sectional

prospective
study

Serology IgG
anti-DGP

IgA anti-tTG
HLA typing

[23] 2006 Nerthlands,
(Arnhem) 151 30/121 16/14 61.5 [52–79] -

Histology
Endoscopy

Serology IgA, IgG,
and IgA EmA

[24] 2015 Italy,
(Bologna) 77 61/16 15/46 36 [14–66] Prospective

cohort study
HLA typing

Histology

[25] 2019 Spain,
(Madrid) 223 197/26 76/213 15–89

Retrospective
single-center

study

Histology
Serology

Anti-Tg2 and/or
EMA antibodies
IgG (DGP IgG)

and/or anti-tissue
transglutaminase 2
IgG (antiTg2 IgG)

Endoscopy
HLA typing

[26] 2013 Australia,
(Parkville) 2548 1390/1158 1.158 /1.390 20–97 Cohort study

Histology
Serology

HLA typing

[28] 2016 India,
(Delhi) 557 340/217 345/526 35.34 ± 11.83 Cohort study

Serology Anti-TTG
Illumina microarray

genotyping.

[27] 2015 India,
(Mumbai) 59 34/25 8/26 38.79 ± 15.84 Retrospective

study

Serology
Histology

HLA typing

[29] 2019 Turkey,
(Eskisehir) 285 94/102 30/64 >18 years -

Serology
IgA, IgG

transglutaminase
Anti tTG, Anti EMA

antibodies
Antigliadin
Histology

[30] 2020 USA,
(Rochester) 25,025 613/24,339 185/428 17.6 years Cohort study

Serology Anti-IgA,
Anti-tTG

Endoscopy
Histology

[31] 2021 Iran,
(Tehran) 251 100/151 49/51 30–35 Case-control

study
Serology Anti tTG

HLA typing

[32] 2021 Syria,
(Damasens) 200 100/100 51/49 22 ± 14 Case control

study

Serology Anti
tTG/EMA
Histology
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Table 3. Clinical characterizations of population.

Author Number of
Patients CD

Age at
Diagnosis, Years Diarrhea Autoimmune

Enteropathy Anemia

[20] 30 54.2 1 2 0
[21] 44 46.2 20 0 0
[21] 66 21.7 59 0 0
[22] 59 20.5 7 13 0
[23] 30 61.5 0 0 0
[24] 61 40 10 22
[25] 223 52 86 84 86
[26] 2548 58.5 2 0 0
[28] 557 35.34 606 6 167
[27] 59 38.79 20 0 26
[31] 40 22 6 0 25

0 not available.

Table 4. Histological characteristics of patients with CD.

Author Marsh I Marsh II Marsh III

[23] 43 43 30
[24] 46 0 0
[25] 11 2 276
[28] 92 139 640
[27] 31 10 11
[32] 3 11 58

0 not available.

The forest plot (Figure 3) shows that all 13 studies were included in the meta-analysis
and provided information on the distribution of the HLA DQ8 gene. The random effects
of the meta-analysis showed that controls had a higher risk of expressing the HLA DQ8
gene (OR = 0.99, 95% CI, 0.57–1.70); the risk was not statistically significant (p-value of
0.9654 according to the random effects model). Although data from eight individual
studies suggested that HLADQ8 was a risk factor, five studies showed that it was not
significant. The overall effect was significant (p = 0.0001) according to the fixed-effect
model and indicated a higher risk of expressing the HLADQ8 gene in controls. In addition,
heterogeneity was significant (I2 = 79%) and the test for heterogeneity was significant
(χ2 = 61.48; p < 0.01).

The forest plot (Figure 4) shows that all 13 studies were included in the meta-analysis
and provided information on the distribution of the HLADQ2/HLADQ8 gene. The random
effects of the meta-analysis showed that patients with celiac disease have a higher risk
of expressing the HLA DQ2/DQ8 gene (OR = 1.78, 95% CI, 0.64–4.90), but this risk was
not statistically significant (p = 0.2663 according to the random-effect model). Although
data from seven unique studies suggest that HLADQ2/HLADQ8 is a significant risk factor,
five studies showed that it is not significant, and only one study is neutral for CD patients
and states that HLADQ2/HLA DQ8 has no effect on CD. The overall effect is significant
(p < 0.0001 according to the fixed-effect model), indicating a higher risk of expressing
HLADQ2/HLADQ8 in CD patients. In addition, considerable heterogeneity (I2 = 97%) and
test for heterogeneity were significant (χ2 = 402.72; p < 0.01).

The forest plot (Figure 5) shows that all seven studies were included in the meta-
analysis and provided information on the distribution of the homozygous HLA DQ2 allele.
The random effects of the meta-analysis showed that patients with celiac disease have a
higher risk of expressing the homozygous HLA DQ2 allele (OR = 2.14, 95% CI, 0.86–5.32),
or the risk was statistically significant (p = 0.1026 according to the random-effect model).
Although data from three isolated studies suggest that the homozygous HLAQ2 allele is a
significant risk factor, three studies showed that it is not significant, and only one study
is neutral for patients with CD and states that the homozygous HLA DQ2 allele has no
effect on CD. The overall effect is significant (p < 0.0001 according to the fixed-effect model),
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indicating a higher risk of homozygous HLADQ2 expression in CD patients. In addition,
heterogeneity was considerable (I2 = 98%) and the test for heterogeneity was significant
(χ2 = 315.47; p < 0.01).
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Abbreviations: CI, confidence interval. Data sources are shown in Table 2. In the forest plot the
contribution of each study to the meta-analysis (its weight) is represented by the area of a box whose
center represents the size of the odds ratio (OR) estimated from that study (point estimate). The 95%
confidence interval (CI) for the OR from each study is also shown. The summary OR is shown by the
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The forest plot (Figure 6) shows that all seven studies were included in the meta-
analysis and provided information on the distribution of the heterozygous HLA DQ2 allele.
The randomized site effects of the meta-analysis showed that celiac disease patients have
a risk of expressing the heterozygous HLA DQ2 allele (OR = 1.54; 95% CI, 0.86–2.73) or
the risk was not statistically significant (p = 0.1440 in the random-effects model), but in
the fixed-effects model (p < 0.0001). Although data from five isolated studies suggest that
the heterozygous HLAQ2 allele is a significant risk factor, one study showed that it is not
significant, and only one study is neutral for CD patients and reports that the heterozygous
HLA DQ2 allele has no effect on CD. In addition, heterogeneity was considerable (I2 = 94%)
and the test for heterogeneity was significant (χ2 = 100.15; p < 0.01).
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Figure 6. Forest plot of CD risk analysis in adult patients with heterozygous HLADQ2 allele.
Abbreviations: CI, confidence interval. Data sources are shown in Table 2. In the forest plot the
contribution of each study to the meta-analysis (its weight) is represented by the area of a box whose
center represents the size of the odds ratio (OR) estimated from that study (point estimate). The 95%
confidence interval (CI) for the OR from each study is also shown. The summary OR is shown by the
middle of a diamond whose left and right extremes represent the corresponding CI.

The forest plot (Figure 7) shows that all seven studies were included in the meta-
analysis and provided information on the distribution of the heterozygous HLA DQ8
allele. The random effects of the meta-analysis showed that controls had a higher risk of
expressing the heterozygous HLA DQ8 allele (OR = 0.79 95% CI, 0.33–1.88) or the risk was
not statistically significant (p = 0.5999 according to the random-effects model). However,
according to the fixed-effects model (p = 0.0002). Although data from two single studies
suggest that the heterozygous HLAQ8 allele is a significant risk factor, three studies showed
that it is not significant, and two studies are neutral for CD patients and report that the
heterozygous HLA DQ8 allele has no effect on CD. Heterogeneity was significant (I2 = 89%)
and the test for heterogeneity was significant (χ2 = 53.96; p < 0.01).
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5. Discussion

This research is the first comprehensive meta-analysis of the DQ2 and DQ8 het-
erodimers predisposing to CD that are encoded by the HLA-DQB1 and HLA-DQA1 alleles
in adults with CD. Indeed, it provided 3158 adult CD patients and 26,863 controls for
statistical analysis. Numerous commercial and university labs provide HLA genetic testing,
which is used to diagnose celiac disease and find people at risk in the same families. Celiac
disease HLA testing has a poor positive predictive value but a high negative predictive
value. As a result, it is crucial for the practicing physician to know when to ask for an HLA
genetic test [33]. In symptomatic individuals who have already begun a gluten-free diet,
HLA testing may be used to practically rule out celiac disease [34]. This has been shown by
several researchers [35]. Further clarification of a diagnosis may be obtained by HLA testing.
HLA testing, for instance, may be used to rule out celiac disease if HLA-DQ2 or DQ8 are
missing and would require additional testing if DQ2 or DQ8 are discovered in those with
inconclusive serological or biopsy findings and/or inadequate gluten elimination [34,36].

Recent data on microbiome studies in CD show the importance of broader HLA
screening, as some bacteria have been associated with CD in the absence of classical HLA
risk alleles. Knowledge of the degree of relevance of classical HLA associations could be
included in risk assessment algorithms in different populations, also taking into account a
wider range of HLA haplotypes [37]. We introduced some clinical features of the patients,
such as diarrhea, anemia, and autoimmune enteropathy. Of these, we found that anemia
constituted the highest percentage (35%) in adult CD patients. Indeed a study in Danish
adult CD patients also found (30%) of them suffered from anemia, which could be the
main symptom of CD [38]. On the other hand, 23% of patients had anemia at diagnosis, as
reported by Saukkonen et al. [39].

We found that diarrhea constitutes a percentage (22%) in adult patients with CD.
Among these, we found that diarrhea constitutes the highest percentage (18.6%) in adult
CD patients. Some previous studies [9,40] have confirmed that diarrhea is the most common
symptom in adult CD patients [40]. However, the presence of extra-intestinal symptoms
and atypical clinical forms is very common and explains the many undiagnosed cases. In
this view, the identification of HLA risk haplotypes in populations could be one of the
main issues to be considered for the prediction of celiac risk and to exclude CD diagnosis
in individuals. Autoimmune enteropathy was present in 14% of patients in this study.
Moreover, a previous study showed that it constitutes a rare cause of refractory diarrhea in
the presence of autoantibodies in the serum and enteropathy of the small intestine [41,42].
The histological distribution (Table 4) of CD patients was 70% for Marsh I, 15% for Marsh
II, and 14% for Marsh III. The modified Marsh–Oberhuber classification can be used to
classify the histological features associated with CD [43]. Our results indicate that the
majority of adult patients present Marsh I; however, a recent study performed on a Chinese
adult population showed that Among 69 CD patients, nine had Marsh grade I and 50 had
Marsh grade ≥2. The histological findings of CD included total villous atrophy, increased
intraepithelial lymphocytes, and cryptic hyperplasia [44].

We observed that the risk of getting CD in individuals with DQ2, which is encoded
by the HLA-DQA1*05 and DQB1*02 alleles, has been generally verified. This was the
conclusion we came to after doing our research. According to the findings of this study,
the odds ratio for the double dose of HLA-DQB1*02 in adult CD patients was significantly
higher than in controls (OR = 2.39; p = 0.0190 according to the random effect model;
p < 0.0001 according to the fixed effect model), and the odds ratio for the single dose of
HLA-DQB1*02 in adult CD patients was also relatively increased in comparison to controls
(OR = 2.14) However, these results were not significant according to p = 0.1440 of the random
effect model, the fixed effect model shows a significant p = 0.0001. This result is similar to
that [45]. It is shown that having a twofold dosage of the HLA-DQB1*02 allele was linked
to an odds ratio of more than five for the development of juvenile CD, independent of the
presence of other HLA-DQ alleles. Additionally, even a single “dose” of HLA-DQB1*02
was linked with a rather significant chance of developing the disease (OR around 4). The
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HLA-DQA1 and HLA-DQB1 genes, which are responsible for encoding HLA-DQ2 and
HLA-DQ8, are the primary genetic factors that determine a person’s susceptibility to
disease [46] and were found in 69.5% of Iranian CD patients [47]. In Brazil, HLA DQ2 was
present in 75.6% of CD patients [5]. The proportion of CD patients who are likely to express
the heterodimer DQ (A1*0501, B1*0201) was 91% in the United Kingdom, 87% in Rome,
Italy, and 82% in Bologna, Italy [48]. A significant frequency of HLA-DQ2/DQ8 alleles was
also found in the FDR of CD patients, according to prior research [49].

In a cross-sectional examination conducted in Brazil, HLA-DQ2/DQ8 was found in
98.4% of people with celiac disease, 89.6% of those with celiac disease in their families, and
55.4% of people in the general population who did not have familial celiac disease [50].
Recently, Mansouri et al. showed that HLA-DQ2/DQ8 patients represent a rate was
73.4% [31].

The HLA-DQ2 variation was shown to be more prevalent in CD patients in the Arab
community. Indeed, the DQB1*02 allele was present in 84.6% of Palestinians, 77.42% of
Egyptians, and 45.2% of Moroccans who had celiac disease. Furthermore, 48.0% of the
anti-TTG-positive group in Libya was homozygous for the HLA-DQ2 gene, and the same
was true for the Kingdom of Saudi Arabia. 52.7% of individuals tested positive for HLA-DQ
molecules that are linked with CD DQ2 or DQ8 [47,51–54].

The study of the homozygous DQB1*02 is important because the double dose of this
allele is linked to the early development of this pathology as well as to an increase in
anti-TTG levels, severity, and complications [55–57].

Differences between studies found in this meta-analysis could be due to differences in
the frequencies of HLA haplotypes in the analyzed populations. Studies on the frequency
of different genetic loci and anthropological traits clearly illustrate the geographical and
genetic barrier between Europeans and Asians across northwest China. Among the many
Chinese communities, the northwestern population is more closely linked to Europeans
than the other populations in southern China [58,59].

This significant heterogeneity in gene frequencies that has been found by studies may
also be due to the different numbers of participants and the variance in accuracy associated
with the different methods used for HLA class II typing (such as PCR-SSO, PCR-RFLP,
PCR-SSP, and PCR-SBT) [60].

In adult patients with CD, the frequency of HLA DQ8 is lower than in controls
(OR = 0.79) p = 0.5999 according to the random effect model is not statistically significant,
but according to the fixed effect, the p-value is significant (p = 0.0002). These results were
in agreement with the lower risk associated with the DQ8 variant previously described in
Moroccan and Libyan patients due to the higher frequency of DQ8 in controls [54].

In the European population, the frequency of this variant is 17.8% in CD patients [20].
The frequency of the HLA DQ2 variant is 90%, while the frequency of HLA DQ8 is between
5% and 10% [57]. HLA-DQ8 haplotype (10.2%) is among the first-degree relatives (FDRs)
with the heterozygous HLADQ8 haplotype 9.4% were heterozygous HLA-DQ8. However,
only one FDR was homozygous HLA-DQ8 (0.08%) [61].

The condition is very infrequent in those who do not possess HLA-DQ alleles, ac-
cording to the research of other scientists [5]. CD is related to HLA DQ8 (DQA1*0301 and
DQB1*0302) to a lesser extent [62]. The incidence of celiac patients in Europe who do not
express HLA DQ8 or HLA DQ8 is less than 0.5% because CD patients carry at least half the
DQ2.10 haplotype [63–66]. In addition, 33.33% of individuals who did not display DQ2
but were positive for DQ8 were found to be homozygous for DQ8 (DQA1*03- DQB1*0302).
18% of patients who did not have the DQ2 gene but did have the DQ8 gene were carriers of
the DRB1*07-DQB1*02 haplotype [5].

In our analysis, heterozygous DQ8 did not increase the risk of CD. An Arab population
case-control research supported these findings, showing that the frequency of heterozygous
HLADQ8 was identical in cases and controls, and so represented a risk for the general
population (1:70–79 versus 1:67 in the general population) [67].
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In our analysis, heterozygous DQ8 did not increase the risk of CD; this result corrob-
orates the previous observation that carriers of the heterozygous DQ8 genotype (2.11%)
have lower EMA than homozygous DQ8 celiac individuals (8.42%) [68]. The HLA DQ2
and/or HLADQ8 status in adult celiac patients was higher than that of controls. Indeed,
our findings are in line with those of other Brazilian studies that were conducted in the past;
the DQ2 and DQ8 genotypes were found in 93.2% of celiac patients in the northeastern
region of the country [69]. These results were similar to those performed by Cecilio and
Bonatto [50], who hypothesized that individuals with celiac disease had a frequency of
HLA DQ2/DQ8 of 98.4% and 89.6% of parents of celiac patients [50]. As in another study
in Spain, celiac patients positive for the HLADQ2 /HLADQ8 variants were 98% compared
to 49.1% of non-diseased controls (p < 0.001, OR: 51.57) [70].

In Figures 2 and 4, the two studies from India agree with the direction (although
their significance is different), whereas in Figure 3, the two studies have different effects,
indeed recently, in the general indigenous population of South India, the prevalence of
HLA-DQ8 is higher than the prevalence of HLA-DQ2. This finding could be related to the
late introduction of wheat into the diet of the South Indian population [71].

The European population showed differences in effect and significance, and this dif-
ference could be due to combinations of population-related genetic and environmental
factors. Many questions are still open regarding the role and interactions between genetic
and environmental factors in the development of CD. Environmental factors are mainly
associated with the introduction of gluten (timing, amount, breastfeeding, etc.) [54]. Asian
population showed similar effects in effect and significance (Figures 2–4), and CD is emerg-
ing in many Asian countries. In addition, the Asia Pacific Association for Gastroenterology
has established a formal working group on celiac disease to conduct relevant research to
reduce the burden of DAC in Asia [72], and the American population showed the same
effect and significance (Figures 2 and 3) which is different to that of North America. This
could be due to the environmental difference between North and South America.

Full HLA-DQ genotyping might be kept for adults with clinical suspicion (the most
prevalent symptoms in adult CD patients are diarrhea and autoimmune enteropathy;
histological results have shown that the majority of adult CD patients have Marsh I in
their intestinal mucosa). However, many of the undetected cases might be attributed
to extra-intestinal symptoms of unusual clinical presentations. Recent work by Verma
et al. presented a quick HLA-DQ typing approach for identifying CD patients who have
susceptibility genes. The researchers essentially ran polymerase chain reaction (PCR)
on blood samples from CD patients, FDRs, and controls using a kit containing primers
for HLA-DQ target alleles exclusively. In terms of the presence or absence of HLA-DQ2
and HLA-DQ8 alleles, they could exhibit good agreement with the findings obtained by
traditional high-resolution HLA-DQ typing [73]. Although CD has been widely researched
and characterized in the West, it is still difficult to make an evidence-based diagnosis in
many developing nations due to obstacles in the health care system [10,74,75]. Determining
the genetic risk of celiac disease early in life may allow subsequent antibody monitoring in
older adults [76].

6. Conclusions

The results obtained confirmed that the DQ2 allele is the primary one related to CD
due to its high frequency in adult patients in all studies; the homozygous and heterozygous
status of HLADQ2 is present with increased frequency in most adult patients. The high
immunodominance and the pathogenic mechanisms of gluten peptide presentation by DQ2
contribute to the close connection between HLA haplotypes and celiac disease. Although
the classical DQ2/DQ8 associations with CD were confirmed in this meta-analysis, a minor-
ity of CD cases develop in the absence of predisposing HLA haplotypes. A detailed analysis
of MHC in DQ2-negative CD should lead to a better understanding of the susceptibility
genes for CD. Recent data on microbiome studies in CD [37] evidence the importance of
a broader HLA screening, as some bacteria were associated with CD in the absence of
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the classical HLA risk alleles. At present, the real contribution of non-HLA genes is still
unknown. In the future, the knowledge of the grade of the relevance of HLA associations
could be included in algorithms for the evaluation of the risk in different populations,
also taking into account a broader range of HLA haplotypes. These observations may
contribute to the debate on the potential and cost-effective implementation of broader or
mass screening strategies for CD in adults. In addition, the determination of genetic risk
for celiac disease early in life may allow subsequent antibody monitoring in older adults
(Ministry of Health).
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