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Abstract

Background: To document the relationship between anti tissue transglutaminase assay in celiac disease patients with the histopathology grading
of duodenal biopsy.

Materials & Methods: All patients with clinical suspicion of celiac disease were enrolled for study. Patients included in the study have anti TTG
assay more than 07 U/mL. All patient included in study with TTG(IgA) positive assay underwent esophagogastroduodenoscopy with duodenal
biopsy for histopathology grading.

Results: Total 97 patients included in the study. 50 adult patients with mean age 28.76+13.21 and 47 pediatric patients with mean age 5.99+3.43.
There were significant difference in anti TTG assay with relation to histology grades. A statistically significant direct increase in TTG(IgA) titers
in patients with celiac disease, according to marsh classification from low to high grade with TTG titer.

Conclusion: There is a strong direct correlation between Anti-tTG (IgA) levels and histological Marsh grades in clinically suspected celiac disease

patients.
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Introduction

Celiac disease (CD), an autoimmune disorder also known as
non-tropical sprue, gluten-sensitive enteropathy and endemic
sprue is triggered in genetically susceptible individuals by the
ingestion of wheat gluten and related proteins of barley and rye
[1]. Clinical presentation of CD vary according to the age of patient
and disease duration [2]. 90% of celiac disease patients have the
human leucocyte antigen (HLA) DQ2, and 10% carry HLA DQ8
haplotype [3,4]. Although celiac disease mainly affects the GIT,
it can have many extra intestinal signs and symptoms, and thus
the patients are seen by different specialists like Pediatricians,
Gastroenterologists, Dermatologists, Endocrinologists,
Rheumatologists, Neurologist and Dentists [5]. It is now accepted
thatabsence of chronic diarrhea, malabsorption features or weight
loss does not exclude celiac disease as the patient might feel well
or can be even overweight [6-8]. Because of inconsistency in
clinical signs and symptoms, a substantial proportion of patients

have been diagnosed to have irritable bowel syndrome [9]. For
definitive diagnosis correlation between clinical features, serologic
assays, and histological findings is essential [7]. Serological tests
include anti- tissue transglutaminase antibodies (tTG) and anti-
endomysial antibodies (EMA).

The diagnostic criteria for coeliac disease are currently
based on the finding of small-bowel mucosal villous atrophy
and crypt hyperplasia, together with extensive inflammation in
both the epithelium and lamina propria as well as clinical and/
or histological improvement on a gluten-free diet [9,10]. The
duodenal biopsy for CD diagnosis, although still considered gold
standard, has many limitations. Endoscopy isan invasive procedure
with a number of complications including anxiety and fear related
to procedure, local discomfort, bleeding, perforation, infection and
anesthesia related complications. Moreover the gross endoscopic
findings featuring duodenal folds and mucosal architecture might
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be normal and the patchy distribution of intestinal mucosal
damage and incorrect biopsy orientation for villous morphology
evaluation further limits the biopsy value [11-13]. Nevertheless
villous atrophy is not specific to celiac disease and can be present
in number of other conditions including infectious diseases
(Tropical sprue, Giardiasis) ,Whipple’s disease, AIDS enteropathy,
Autoimmune enteropathy, Drugs (MMF, Olmesartan, Colchicine,
Chemotherapy, Immunotherapy), Nutritional Deficiency, EATL
[14].The European Society of Pediatric Gastroenterology and
Nutrition in its recent guidelines considered the diagnosis of CD in
children without any biopsies and only by clinical manifestations
and serological tests [15]. The aim of this study was to document
the correlation that carefully selected patients with high clinical
suspicion of celiac disease and raised titer of anti tTG(IgA) have
significant histopathological findings on duodenal biopsy.

Methodology

It was a prospective observational study including 97 patients,
50 adult and 47 from pediatric age group. Patients were enrolled
by consecutive, non-probability sampling technique. Study was
carried out in medical and pediatric department of Benazir Bhutto
hospital from January 2018 to June 2022.

Inclusion Criteria
a.  Adult male and females patients with age > 14 years.
b.  Patients in pediatric group from 2-13yrs.

c. Patients having intestinal and extra intestinal
symptoms like diarrhea, abdominal distension, abdominal pain,
malabsorption features, malnutrition. short stature, anemia,
mouth ulcers, dermatitis herpetiformis, Type I diabetes mellitus

and infertility.

Exclusion Criteria

i Patients already diagnosed celiac disease on GFD.
ii. Patients with chronic diarrhea due to other diseases.
ii. Patients with immunoglobulin A (IgA) Deficiency.

Data collection procedure

After informed consent, detailed history was taken regarding
symptoms and associated autoimmune diseases. 3 ml venous blood
was drawn and sent for Anti-tTG (IgA) titers, which was analyzed
by enzyme linked immunosorbent assay (ELISA). Endoscopy was
performed in Benazir Bhutto Hospital; Endoscopy Department
and six biopsies were taken from the duodenum by consultant
Gastroenterologist .Biopsies were sent for histopathological
analysis which was done by single histopathologist. Histological
grading was performed as per Modified Marsh System. Data
was entered and analyzed using SPSS V22.0 Shapiro Wilk test
was applied to determine normality of distribution of age and
serum Anti tTG IgA levels. Descriptive statistics were applied for
quantitative variables.
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Mean and Standard Deviation were determined for age and
serum anti tTG IgA levels. Pearson’s correlation test was applied to
determine association between age and serum anti tTG IgA levels.
Frequencies and Percentages were determined for qualitative
variables like presence or absence of villous atrophy and
distribution as per modified marsh criteria. Fischer’s Exact Test
was applied to determine association of age group and gender
with severity as per modified Marsh criteria. One Way ANOVA
was applied to compare mean serum anti tTG IgA levels between
grades as per modified Marsh Criteria. P < 0.05 was considered
significant. A value of 7 U/ml was considered as upper limit for
serum anti tTG IgA levels. Sensitivity, Specificity, PPV and NPV
were determined for positive or negative tTG with presence or
absence of villous atrophy:.

Results

A total of 97 participants, 50 adult and 47 from pediatric age
group, were included in this study. Mean age of participants from
adult age group was 28.76+13.21 while in pediatric age group
it was 5.99+3.43 while mean serum anti tTG IgA levels were
191.04+38.99 and 130.38+233.58 respectively. Shapiro Wilk test
was applied to determine normality of distribution of Age and
IgA levels. The data was normally distributed. (p<0.000) (Graph
1 & 2) . Although age and IgA levels were normally distributed,
yet correlation between these was statistically insignificant as per
Pearson’s correlation test. (p=0.179). It was observed that villous
atrophy was present in 74 (76.3%) while absent in 23 (23.7%) of
the patients. 75 (77.3%) patients were graded as Marsh 3, 5 (5.2%)
as Marsh 2, 2 (2.1%) as Marsh I while 15 (15.5%) were graded
as Marsh 0. The difference in distribution of severity by Modified
Marsh Criteria as per gender was statistically insignificant.
(Fischer’s Exact Test=2.540, p=0.545) while as per age group was
statistically significant. (Fischer’s Exact Test =22.420, p<0.000)
(Table 1). It was observed that most of the patients with Marsh
[T had villous atrophy present. (Fischer’s Exact=87.77, p<0.000)
(Table 2). However, difference in mean anti tTG IgA levels as per
severity by Modified Marsh Criteria was very highly statistically
significant as per One Way ANOVA test. (p<0.000) (Figure I, Table
3).

ROC curve was plotted to determine predictive value of anti
tTG IgA levels for presence of villous atrophy in both age groups.
A value of 7 U/ml was considered upper limit for anti tTG IgA.
Association between villous atrophy on histopathology and anti
tTG value was established along with Modified Marsh Criteria.Area
Under the Curve was 0.996 with p<0.000 for adult population. It
was observed that serum IgA levels of 87.50 had 100% sensitivity
and 80% specificity to predict presence of villous atrophy in adult
population (Figure 2). However, for pediatric population, Area
Under the Curve was 0.852 with p<0.000 for Anti tTG IgA levels
as predictor of presence of villous atrophy. A value of 70 U/ml had
93.1% sensitivity and 77.8% specificity (Figure 3).
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Table 1: Distribution of Severity as per Modified Marsh Criteria with Respect to age and Gender.

Modified Marsh Criteria
Marsh 0 Marsh I Marsh II Marsh III
Total Patients | Percentage | Total Patient | Percentage | Total Patient | Percentage | Total Patient | Percentge
Age Pediatric 15 31.91 0 0 2 4.26 30 63.83
Group Adult 0 0 2 4 3 6 45 90
Male 9 20.45 1 2.27 3 6.82 31 70.45
Gender
Female 6 11-.32 1 1.89 2 3.77 44 83.02
Table 2: Distribution of Marsh Criteria as per presence of Villous Atrophy.
Villous Atrophy
Age Group Modified Marsh Criteria
No Yes
Marsh 0 15 0
Marsh I 0 0
Pediatric
Marsh II 2 0
Marsh III 1 29
Marsh 0 0 0
Marsh I 2 0
Adult
Marsh I1 3 0
Marsh III 0 45
Table 3: Mean anti tTG IgA levels as per Modified Marsh Criteria in different age groups.
Age Group
Pediatric Adult
Modified Marsh Criteria Mean SD Mean SD
Marsh 0 6.29 5.99 - -
Marsh 1 - - 87.5 9.19
Marsh 2 13.05 10.82 151.33 1.15
Marsh 3 200.25 269.37 198.29 32.28
e A\
Figure I: Mean anti tTG IgA levels as per Modified Marsh
Criteria
in various Age groups
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Figure 1: Mean anti tTG IgA levels as per Modified Marsh Criteria in various Age groups.
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Figure 3: ROC curve for serum IgA levels as predictors of presence of villous atrophy in Pediatric Population.
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Discussion with high index of celiac disease. Among the 97 participants,

Celiac disease can present with intestinal, extraintestinal
or malabsorption features. The prevalence of CD is around 1%
globally but disparity between different regions. Celiac disease
is a condition which is under diagnosed and undiagnosed cases
are more as compared to diagnosed. It is now accepted as a more
complex disease, so a multidisciplinary approach is required for
correct diagnosis and management of celiac disease [16]. The
purpose of our study was to see the correlation between anti-tTG
levels and histological Marsh grades in pediatric and adult patients

DOI: 10.19080/ARGH.2024.20.556042

50 adult and 47 from pediatric age group were included for the
data analysis. Patients who had intestinal, extraintestinal and
malabsorption features were enrolled in the study. Mean age of
participants from adult age group was 28.76+13.21 (mean * SD)
while in pediatric age group it was 5.99+3.43 while mean Anti tTG
IgA levels were 191.04+38.99 and 130.38+233.58 respectively.
75 (77.3%) patients were graded as Marsh 3, 5 (5.2%) Marsh 2, 2
(2.1%) Marsh I while 15 (15.5%) were graded as Marsh 0. Villous
atrophy was present in 74 (76.3%) while absent in 23 (23.7%) of
the patients.
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It was observed that most of the patients with Marsh III
had villous atrophy on histology. Our study revealed that there
were significant differences in anti tTG (IgA) levels in celiac
disease patients across different Marsh groups.. It was observed
that serum IgA levels of 87.50 U/ml had 100% sensitivity and
80% specificity to predict presence of villous atrophy in adult
population and value of 70 U/ml had 93.1% sensitivity and 77.8%
specificity in pediatric group. There was a statistically significant
increase in titres of anti tTG from low to high grades of histological
Marsh classification. No adult patient has grade 0 histology, while
15 (31.9%) pediatric patients have Marsh 0 grade. This may be
due to low thresh hold to conduct duodenal biopsy in our team.
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Kalhan et al, in his study found maximum patient with Marsh
grade 3 histology and all have significant increasing trend in anti
tTG levels from histology lower to higher Marsh grade [17].

Rahmati et al, also observed statistically increase tTG antibody
levels from normal to complete villous atrophy in Marsh histology
grade in his study [18]. Vivas S et al. [18], studied both adults and
children and revealed that there was a significant progressive
increase in mean tissue transglutaminase antibody titers with
higher Marsh histology grades in both population [19].

In our study, we also found that there is a statistically significant
increase in tTG antibody levels with relation to duodenal damage
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according to modified Marsh histology grades and it was also
observed in many previous studies. Intestinal biopsy for diagnosis
of celiac disease, although is a gold standard but has many
limitations. Atleast four different portions of duodenal mucosa,
biopsy should be taken [20] due to patchy damage of intestinal
mucosa in celiac disease [21]. Proper orientation and positioning
of sampling is must as incorrect sample preparation can give
false diagnosis of disease due to false villi atrophy and increased
lymphocyte count in lamina propria and epithelium [22-25].
Thirdly biopsy material for histopatholgy is often insufficient to
make a diagnosis, a multicenter study concluded that more than
10% of biopsy specimens were insufficient to reach the diagnosis
of celiac disease [2]. Interobserver variability in histological
examination and availability of endoscopic facility especially
pediatric endoscopy are the other limiting factors.

Due to high performance of available screening tests and
above mentioned limitations of duodenal biopsy, many experts
thought that the biopsy is not needed for celiac disease diagnosis
when there were high levels of anti tTG(IgA) [9,22-24]. In patients
where celiac disease is suspected or in high risk patients such as
first degree relatives of diagnosed celiac disease patients, type 1
diabetics, thyroid dysfunction, patients of Down syndrome; for
celiac disease diagnosis serology can be the first line investigation
[1] regardless of the presence or absence of clinical features of
celiac disease. Limitations of our study include small sample
size, single center study and our study does not represent whole
population as in pediatric age group, patients who were less than
2 years of age were not included. Our histopathologist was not
blind to anti-tTG level of every patient [26-28]. This could lead
to a biased reporting of duodenal biopsy. Therefore for further
validation we suggest studies at large scale where histopathologist
should be blind to anti-tTG level. Therefore, we propose endoscopic
duodenal mucosal biopsy should not be carried out in patients
where anti tTG levels were >70 U/ml ( both adults & children) or
should be performed where the serology is negative and patient
has strong clinical suspicion of celiac disease.

Conclusion

Our study showed that there is a strong correlation between
anti tTG (IgA) levels and histological Marsh classification, higher
titers were found in advanced Marsh grades eliminating the need
for duodenal biopsy for the diagnosis of celiac disease in both
adult and pediatric age groups. This study would be helpful in
the diagnosis of the celiac disease in areas and institutions where
endoscopic biopsy cannot be performed due to availability of

endoscopy facility and experienced endoscopist & histopathologist.

References

1. Briani C, Samaroo D, Alaedini A (2008) Celiac disease: From gluten to
autoimmunity. Autoimmun Rev 7(8): 644-650.

2. Dewar DH, Ciclitira P] (2005) Clinical features and diagnosis of celiac

DOI: 10.19080/ARGH.2024.20.556042

disease. Gastroenterology 128: S19-24.

3. Karell K, Louka AS, Moodie SJ, Ascher H, Clot F, et al. (2003) HLA types
in celiac disease patients not carrying the DQA1*05-DQB1*02 (DQ2)
heterodimer: results from the European Genetics Cluster on Celiac
Disease. Hum Immunol 64: 469-477.

4. Kaukinen K, Partanen ], Maki M, Collin P (2002) HLA-DQ typing in the
diagnosis of celiac disease. Am ] Gastroenterol 97: 695-699.

5. Wieser H (2014) Celiac Disease and Gluten: Multidisciplinary
Challenges and Opportunities.

6. Rampertab SD, Pooran N, Brar P, Singh P, Geen PH (2006) Trends in the
presentation of celiac disease. Am ] Med 355: €9-14.

7. Collin P, Huhtala H, Virta L, Kekkonen L, Reunala T (2007) Diagnosis of
celiac disease in clinical practice: physician’s alertness to the condition
essential. ] Clin Gastroenterol 41: 152-156.

8. Dickey W, Kearney N (2006) Overweight in celiac disease: prevalence,
clinical characteristics, and effect of a gluten-free diet. Am ]
Gastroenterol 101: 2356-2359.

9. Verdu EF, Armstrong D, Murray JA (2009) Between celiac disease and
irritable bowel syndrome: the “no man’s land” of gluten sensitivity. Am
] Gastroenterol 104: 1587-1594.

10. Heredia PC, Castro PF, Palma HJ (2007) Adult celiac disease. Rev Med
Chil 135: 1186-1194.

11.Collin P, Kaukinen K, Vogelsang H (2005) Anti-endomysial and
anti-human recombinant tissue transglutaminase antibodies in
coeliac disease:a biopsy proven European multicenter study. Eur ]
Gastroenterol Hepatol 17: 85-91.

12. Bonamico M, Mariani P, Thanasi E (2004) Patchy villous atrophy of the
duodenum in childhood celiac disease. ] Pediatr Gastroenterol Nutr 38:
204-207.

13.Perera DR, Weinstein WM, Rubin CE (1975) Small intestinal biopsy.
Hum Pathol 6: 157-217.

14.Al-Toma A (2019) European Society for the Study of Coeliac Disease
(ESsCD) guideline for coeliac disease and other gluten-related
disorders. United European Gastroenterol ] 7(5): 583-613.

15.Kurppa K (2020) European Society Pediatric Gastroenterology
Hepatology and Nutrition Guidelines for Diagnosing Coeliac Disease
2020. ] Pediatr gastroenterol Nutr 70(1): 141-156.

16. Villanacci V, Catassi C, Rostami K (2010) Coeliac disease: changing
dogma on historical diagnosis.

17.Kalhan S, Joseph P, Sharma S, Dubey S, Dudani S (2011) Comparative
study of histopathological Marsh grading with clinical and serological
parameters in Celiac iceberg of north India. Indian ] Pathol Microbiol
54:279-283.

18.Vivas S, Ruiz de Morales ]G, Riestra S, Arias L, et al. (2009) Duodenal
biopsy may be avoided when high transglutaminase antibody titers are
present. World ] Gastroenterol 15: 4775-4780.

19. Weir DC, Glickman JN, Roiff T (1982) Variability of histopathological
changes in childhood enteropathies with special reference to
intraepithelial lymphocytes. | Pediatr Gastroenterol Nutr 1: 525-553.

20. Rubin CE, Brandborg LL, Phelps PC (1960) Studies of celiac disease. The
apparent identical and specific nature of the duodenal and proximal
jejunal lesion in celiac disease and idiopathic sprue. Gastroenterology
38:28-49.

21. Shidrawi RG, Przemioslo R, Davies DR (1994) Pitfalls in diagnosing
coeliac disease. ] Clin Pathol 47: 693-694.

How to cite this article: Tanveer H, Muhammad Shahzad M, Muhammad Almas H, Sualeha A, Javeria Zahid K, et al. Correlation Between Anti TTG(IgA)
Assay and Duodenal Histology Grading in Patients with Celiac Disease. Adv Res Gastroentero Hepatol, 2024; 20(4): 556042.


http://dx.doi.org/10.19080/ARGH.2024.20.556042
https://pubmed.ncbi.nlm.nih.gov/18589004/
https://pubmed.ncbi.nlm.nih.gov/18589004/
https://pubmed.ncbi.nlm.nih.gov/15825122/
https://pubmed.ncbi.nlm.nih.gov/15825122/
https://pubmed.ncbi.nlm.nih.gov/12651074/
https://pubmed.ncbi.nlm.nih.gov/12651074/
https://pubmed.ncbi.nlm.nih.gov/12651074/
https://pubmed.ncbi.nlm.nih.gov/12651074/
https://pubmed.ncbi.nlm.nih.gov/11922565/
https://pubmed.ncbi.nlm.nih.gov/11922565/
https://pubmed.ncbi.nlm.nih.gov/16564784/
https://pubmed.ncbi.nlm.nih.gov/16564784/
https://pubmed.ncbi.nlm.nih.gov/17245213/
https://pubmed.ncbi.nlm.nih.gov/17245213/
https://pubmed.ncbi.nlm.nih.gov/17245213/
https://pubmed.ncbi.nlm.nih.gov/17032202/
https://pubmed.ncbi.nlm.nih.gov/17032202/
https://pubmed.ncbi.nlm.nih.gov/17032202/
https://pubmed.ncbi.nlm.nih.gov/19455131/
https://pubmed.ncbi.nlm.nih.gov/19455131/
https://pubmed.ncbi.nlm.nih.gov/19455131/
https://www.scirp.org/reference/referencespapers?referenceid=1138270
https://www.scirp.org/reference/referencespapers?referenceid=1138270
https://europepmc.org/article/med/15647647
https://europepmc.org/article/med/15647647
https://europepmc.org/article/med/15647647
https://europepmc.org/article/med/15647647
https://pubmed.ncbi.nlm.nih.gov/14734885/
https://pubmed.ncbi.nlm.nih.gov/14734885/
https://pubmed.ncbi.nlm.nih.gov/14734885/
https://www.sciencedirect.com/science/article/abs/pii/S0046817775801766
https://www.sciencedirect.com/science/article/abs/pii/S0046817775801766
https://pubmed.ncbi.nlm.nih.gov/31210940/
https://pubmed.ncbi.nlm.nih.gov/31210940/
https://pubmed.ncbi.nlm.nih.gov/31210940/
https://pubmed.ncbi.nlm.nih.gov/31568151/
https://pubmed.ncbi.nlm.nih.gov/31568151/
https://pubmed.ncbi.nlm.nih.gov/31568151/
https://pubmed.ncbi.nlm.nih.gov/21623074/
https://pubmed.ncbi.nlm.nih.gov/21623074/
https://pubmed.ncbi.nlm.nih.gov/21623074/
https://pubmed.ncbi.nlm.nih.gov/21623074/
https://pubmed.ncbi.nlm.nih.gov/19824110/
https://pubmed.ncbi.nlm.nih.gov/19824110/
https://pubmed.ncbi.nlm.nih.gov/19824110/
https://journals.lww.com/ajg/abstract/2010/01000/variability_of_histopathological_changes_in.32.aspx
https://journals.lww.com/ajg/abstract/2010/01000/variability_of_histopathological_changes_in.32.aspx
https://journals.lww.com/ajg/abstract/2010/01000/variability_of_histopathological_changes_in.32.aspx
https://pubmed.ncbi.nlm.nih.gov/14439871/
https://pubmed.ncbi.nlm.nih.gov/14439871/
https://pubmed.ncbi.nlm.nih.gov/14439871/
https://pubmed.ncbi.nlm.nih.gov/14439871/
https://pubmed.ncbi.nlm.nih.gov/7962617/
https://pubmed.ncbi.nlm.nih.gov/7962617/

Advanced Research in Gastroenterology & Hepatology

22.Barker CC, Mitton C, Jevon G (2005) Can tissue transglutaminase
antibody titers replace small bowel biopsy to diagnose celiac disease in
selected pediatric populations? Pediatrics 115: 1341-1346.

23. Diamanti A, Colistro F, Calce A (2006) Clinical value of immunoglobulin
anti transglutaminase assay in the diagnosis of celiac disease. Pediatrics
118:1696-1700.

24.Donaldson MR, Firth SD, Wimpee H (2007) Correlation of duodenal
histology with tissue transglutaminase and endomysia antibody
levelsin pediatric celiac disease. Clin Gastroenterol Hepatol 5: 567-573.

25.Hill PG, Holmes KT (2008) Coeliac disease: a biopsy is not always
necessary for diagnosis. Alim Pharmacol Ther 27: 572-577.

This work is licensed under Creative
@ @ Commons Attribution 4.0 License
DOI: 10.19080/ARGH.2024.20.556042

How to cite this article:
007
DOI: 10.19080/ARGH.2024.20.556042

26. Lionetti E, Catasssi C (2011) New clues in Celiac disease epidemiology,
pathogenesis, clinical manifestations, and treatment. Int Rev Immunol
30:219-231.

27. Tommasini A, Not T, Kiren V, Baldas V, Santon D (2004) Mass screening
for Celiac disease using antihuman transglutaminase antibody assay.
Arch Dis Child 89: 512-515.

28.Rahmati A, Shakeri R, Sohrabi MR, Alipour A, Boghratian AH (2014)
Correlation of Tissue Transglutaminase Antibody with Duodenal
Histologic Marsh Grading. Middle East ] Dig Dis 6: 131-136.

Your next submission with JuniperPublishers
will reach you the below assets
 Quality Editorial service
o Swift Peer Review
¢ Reprints availability
¢ E-prints Service

¢ Manuscript Podcast for convenient understanding

Global attainment for your research

¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, audio)

¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

Tanveer H, Muhammad Shahzad M, Muhammad Almas H, Sualeha A, Javeria Zahid K, et al. Correlation Between Anti TTG(IgA)
Assay and Duodenal Histology Grading in Patients with Celiac Disease. Adv Res Gastroentero Hepatol, 2024; 20(4): 556042.


http://dx.doi.org/10.19080/ARGH.2024.20.556042
https://pubmed.ncbi.nlm.nih.gov/15867045/
https://pubmed.ncbi.nlm.nih.gov/15867045/
https://pubmed.ncbi.nlm.nih.gov/15867045/
https://pubmed.ncbi.nlm.nih.gov/17074840/
https://pubmed.ncbi.nlm.nih.gov/17074840/
https://pubmed.ncbi.nlm.nih.gov/17074840/
https://pubmed.ncbi.nlm.nih.gov/17428743/
https://pubmed.ncbi.nlm.nih.gov/17428743/
https://pubmed.ncbi.nlm.nih.gov/17428743/
https://pubmed.ncbi.nlm.nih.gov/18194500/
https://pubmed.ncbi.nlm.nih.gov/18194500/
https://pubmed.ncbi.nlm.nih.gov/21787227/
https://pubmed.ncbi.nlm.nih.gov/21787227/
https://pubmed.ncbi.nlm.nih.gov/21787227/
https://europepmc.org/article/med/15155392
https://europepmc.org/article/med/15155392
https://europepmc.org/article/med/15155392
http://www.mejdd.org/index.php/mejdd/article/view/1364
http://www.mejdd.org/index.php/mejdd/article/view/1364
http://www.mejdd.org/index.php/mejdd/article/view/1364
http://dx.doi.org/10.19080/ARGH.2024.20.556042

