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Abstract 

     Measurement of anti-TTG, liver manifestation, and BMI in Iraqi patients with 

celiac disease (CD) with and without a gluten-free diet (GFD) in order to validate 

their role in the exacerbation of CD symptoms. The study was carried out on CD 

patients with a duration of disease ranging from 1 to 10 years (n = 52, age range: 20-

55(. The patients’ group was subdivided into the PI group (n = 29), which includes 

patients with GFD, and the PII group (n = 23), which includes patients without 

GFD. The studied groups were matched with 51 healthy individuals as the control 

group (C) (age range: 20-55). The results obtained from the present study indicate a 

highly significant increase (P = 0.000) in serum anti-TTG in the PI and PII groups as 

compared with the C group. BMI values showed a highly significant decrease (P = 

0.007) in the PI and PII groups as compared with the C group. The activity of GGT, 

ALT, AST, and GOT/GPT ratio showed no significant difference in the P, PI, and 

PII groups as compared with the C group, while a highly significant increase in 

GGT was noticed upon the comparison of PI with PII (P = 0.004). It was concluded 

from the current study that high levels of TTG are associated with CD patients 

regardless of adherence to the GFD or not, while the high activity of GGT is 

associated with long-term adherence to the GFD.  

 

Keywords: Anti-Tissue transglutaminase, Body mass index, Celiac disease, Gluten-

free diet, Liver enzymes. 

 

عند المرضى العراقيين المصابين بمرضارتباط النظام الغذائي الخالي من الغلوتين بوظائف الكبد   
Celiac disease 

 

 , ندى عبد الكريم كاظم*زهراء عامر محمد

 علوم الكيمياء، كلية العلوم، جامعة بغداد، العراق.قسم  1
 

 الخلاصة
 الكبد ، ومؤشر كتلة الجسم ، في المرضى العراقيين المصابين بمرض  ظائف، و  TTGقياس مضاد      

Celiac disease بدونمع أو GFD أجريت الدراسة على مرضى .CD  لمدى مدة المرض لديهم الذين تتراوح
والتي تشمل  )52)ن= PIتم تقسيم مجموعة المرضى إلى (.  55-20العمر، 25سنوات )ن= 11الى  1 من

ملتزمين  الغيروالتي تشمل المرضى ( 52)ن= PII، ومجموعة الملتزمين بالحمية الخالية من الكلوتينالمرضى 
النتائج ( 55-20عمر)ال (Cفردًا سليمًا كمجموعة التحكم ) 21مع تم مطابقة مجاميع الدراسة . بالحمية الغذائية

في  TTG( في مضاد p = 0.000التي تم الحصول عليها من هذه الدراسة تشير إلى زيادة معنوية عالية )
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 = P. أظهرت قيم مؤشر كتلة الجسم انخفاضًا معنويًا عاليًا )Cبالمقارنة مع المجموعة  PI  ،PIIمجموعات
،ونسبة  GGT ، ALT ،  AST. لم يُظهر نشاط Cمقارنة بالمجموعة  PIIو  PI( في مجموعات و 0.007

GOT / GPT  أي فرق معنوي في مجموعاتP  ،PI  و ،PII  مقارنة بالمجموعةC  بينما لوحظ زيادة كبيرة
. استنتج من الدراسة الحالية أن المستويات العالية PIIمع  PI ( P = 0.004) عند مقارنة GGT فعالية  في

بإزدياد فترة المرض للمرضى يرتبط  GGT زيادة فعالية، في حين أن CD مرتبطة بمرض TTGمن مضادات 
  .GFDالملتزمين بالحمية 

 

1. Introduction 

     Celiac disease (CD) is a persistent illness characterized by a lifelong sensitivity to gluten, 

which results in immunologically induced inflammatory injury to the small intestinal mucosa 

[1]. Individuals who are genetically prone and have a variable mix of gluten-dependent 

clinical symptoms, celiac disease CD-specific antibodies, HLA-DQ2 or HLA-DQ8 

haplotypes, and enteropathy. The CD has a global incidence of 1.4% and is more prevalent 

among children than adults [2]. The classical celiac disease is characterized by a broad variety 

of gastrointestinal and extra-intestinal symptoms, including diarrhea, weight loss, stomach 

distention, failure to flourish, malabsorption, and iron deficiency aimena [2, 3]. However, 

some individuals experience extra-intestinal signs such as liver abnormalities [4]. For 

screening and confirmation of CD, serologic assays such as serum immunoglobulin G (IgG) 

and/or immunoglobulin A (IgA) tissue transglutaminase antibodies, deamidated gliadin 

peptide antibodies (IgG class), and IgA endomysial antibodies must be carried. Furthermore, 

in many countries, a biopsy of the small intestine is still required to prove the diagnosis [4]. 

The best diagnostic test for patients with CD on GFD has been found to be the anti-tissue 

transglutaminase (anti-TTG) IgA antibody assay [5]. The time it takes for anti-TTG titres to 

normalize after starting a GFD is clinically important, and it is a frequent question and source 

of concern for CD individuals and their families [6-7]. The therapy for CD is a gluten-free 

diet that must be followed for the rest of one's life (GFD). However, accidental gluten 

exposure in a GFD is widespread and sporadic [6]. According to recent research, most CD 

patients can only achieve a gluten-reduced diet rather than the suggested rigid GFD [6]. 

Gluten exposure may be more prevalent than previously thought, and it differs from slips in 

an otherwise strictly adhered-to GFD [7]. Gluten's pervasiveness, food cross-contamination, 

and the restrictions and socio-emotional toll are all major reasons for gluten exposure in a 

GFD [8]. Gamma-glutamyl transferase (GGT), aspartate aminotransferase (AST), and alanine 

aminotransferase (ALT) are enzymes that are mostly found in the liver but also in the heart, 

erythrocytes, pancreas, muscle cells, and kidneys [11]. When an organ or body cell, such as 

the heart or liver, is damaged, ALT is secreted from the tissues into the bloodstream, 

producing an increase in enzyme level [11,12]. Asymptomatic liver enzyme increases, vague 

hepatitis, or chronic liver disease characterize hepatic dysfunction in CD. Many studies look 

at the proportion of people who have hypertransaminasemia or the relationship between CD 

and liver diseases, yet they do not look at other abnormal hepatic alterations [9,10]. Extra-

intestinal manifestations and celiac disease are linked to liver damage [13]. This study aimed 

to evaluate liver function in CD patients and study the effect of a gluten-free diet on the levels 

of anti-TTG and the activity of liver enzymes. In addition, investigate if there is any 

correlation between anti-TTG and other biochemical parameters for all studied groups. 

 

2. Materials and methods 

     The collection of blood from patients went off at the medical city, Baghdad hospital (The 

digestive system and liver department) in Baghdad, Iraq, from October 2021 to March 2022. 

Patients with a formal history of celiac disease (P, n = 25) (male = 24, female = 28) (aged 

range 20-55 years) and healthy individuals (C, n = 51) (male = 25, female = 26) (aged range 

20-55 years) were included in the present study. The duration of the disease in celiac patients 
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was 1-10 years. Each patient was characterized by either a biopsy or clinical tests. In addition, 

a second division was applied to the P group subject to adherence to gluten-free food (PI = 29 

with a gluten-free diet and PII = 23 with a non-gluten-free diet).  

 

2.1. Inclusions and exclusions criteria 

     Patients and controls with obesity, cancer, hepatitis, liver diseases, active inflammatory 

conditions, irritable bowel disease, and alcohol consumption that may interfere with this study 

were excluded. Otherwise, CD patients with and without GFD were selected to be studied. 

The CD patients were diagnosed by laboratory tests or a small intestine biopsy. 

 

2.2. Blood samples collection 

     Venepuncture was used to take 10 mL of blood from a research participant who had been 

fasting for at least 8-10 hours. The blood sample was allotted to a gel tube and then left to clot 

at room temperature. All gel tubes were centrifuged at 3000 × g for ten minutes to collect 

serum, which is used for the evaluation of anti-tissue transglutaminase and liver enzymes. 

 

 2.3. Laboratory tests 

     Anti-tissue transglutaminase was measured using an ELISA enzyme-linked 

immunosorbent assay using the commercially available ELISA (My BioSource) kit (U.S.A). 

Gamma-glutamyl transferase (GGT), alanine aminotransferase (ALT), and aspartate 

aminotransferase (AST) were determined using the HUMAN, Germany kit. The procedures 

listed in the manufacturer’s instructions were carried out in this study. 

 

2.4. Statistical analysis 

     SPSS software version 22 was used to conduct the statistical analysis of the statistics. The 

variables are described as means ± standard deviation. One-way ANOVA and the post hoc 

Tukey test were used to compare groups. A statistically significant difference was considered 

with a P value of < 0.05. While high significance was considered whenever the P value was 

less than 0.01 and very high significance was considered whenever the P value was less than 

0.001. The correlation between parameters was determined by Pearson correlation 

coefficients (r-values). 

 

3. Results and discussion 

     The results listed in Table 1 revealed that no significant differences were found in age 

between the P group and the C group. While anti-TTG levels have a highly significant 

increase (P = 0.000) in the P (10.84 ± 5.67 U/L) group as compared with the C group (1.90 ± 

0.95 U/L). Moreover, BMI showed a highly significant decrease (P = 0.000) in the P group 

(20.03 ± 2.65 Kg/m
2
) as compared with the C group (22.45 ± 2.36 Kg/m

2
).  

 

Table 1:  The mean ±SD values of the anti-TTG, age, and BMI of the P group compared to 

the C group 

Parameters 

Control (C) 

(Mean ± SD) 

(N = 51) 

Patients (P) 

(Mean ± SD) 

(N = 52) 

P-value 

Anti-TTG (U/L) 1.90±0.95 10.84±5.67 0.000 

Age (Year) 37.43±9.72 35.85±10.28 0.688 

BMI (Kg/m
2
 ) 22.45±2.36 20.03±2.65 0.000 

Significant:*P<0.01; **P<0.001; no Significant: P>0.05. 

 



 

Mohammed and Kadhim                          Iraqi Journal of Science, 2024, Vol. 65, No. 6, pp: 2999-3007 

 

3002 

       In addition, Table 2 showed that the activity of liver enzymes (GGT, ALT, and AST) and 

the ratio of AST/ALT have no significant differences as compared between the P groups and 

the C groups. 

 

Table 2:  The mean ±SD of the activity of GGT, ALT, AST, and the ratio of AST/ALT for 

the P group compared to the C group 

Parameters 

Control (C) 

(Mean± SD) 

(N = 51) 

Patient (P) 

(Mean± SD) 

(N = 52) 

P-value 

GGT (U/L) 23.83±7.06 22.93±8.50 0.829 

ALT(U/L) 17.37±4.50 17.79±6.72 0.938 

AST (U/L) 15.47±7.18 14.17±6.64 0.607 

AST/ALT 0.91±0.52 0.76±0.08 0.053 

Significant:*P<0.05; **P<0.001; no Significant: P>0.05. 

 

       Upon comparison between the studied parameters depending on diet adherence, the 

results showed no significant difference in age among all studied groups (Table 3).  

 

Table 3:  The mean ±SD values of the anti-TTG, age, and BMI of the PI and PII groups 

compared to the C group 

Parameters 

Control (C) 

(Mean ± SD) 

(N = 51) 

PI with GFD     

(Mean ± SD) 

(N = 29) 

PII  without GFD                

(Mean ± SD) 

(N = 23) 

P-value 

Anti -TTG( U/L) 1.90±0.95 11.12±6.45 10.99±6.16 

C&PI 0.000 

C&PII 0.000 

PI&PII 0.995 

Age (Year) 37.43±9.72 37.65±10.06 33.95±8.47 

C&PI 0.994 

C&PII 0.321 

PI&PII 0.353 

BMI (kg/m
2 
) 22.45±2.36 20.00±2.98 19.74±2.63 

C&PI 0.000 

C&PII 0.000 

PI&PII 0.929 

Significant:*P<0.05; **P<0.001; no Significant: P>0.05. 

 

      Anti-TTG levels showed a highly significant increase (P = 0.000) in the PI (11.12 ± 6.45 

U/L) and PII (10.99 ± 6.16 U/L) groups as compared with the C (1.90 ± 0.95 U/L) group, 

while no significant difference was found between the PI and PII groups. In addition, BMI 

showed a highly significant decrease (P = 0.000) in PI (20.00 ± 2.98 kg/m
2
) and PII (19.74 ± 

2.63 kg/m
2
) as compared with the C group (22.45 ± 2.36 kg/m

2
). Table 4 revealed a variation 

in liver function, especially in patients who adhered to GFD. The GGT activity showed no 

significant difference in PI (28.172 ± 10.388 U/L) and PII (20.756 ± 6.302 U/L) as compared 

with the C group (23.835 ± 7.069 U/L). While a highly significant increase in GGT activity (P 

= 0.004) was found between the PI and PII groups. In addition, the results in Table 4 showed 

no significant differences in the other parameters between the studied groups. 
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Table 4:  The mean ±SD of the activity of GGT, ALT, AST, and the ratio of AST/ALT for 

the PI and PII groups compared to the C group 

Parameters 

Control (C) 

(Mean ± SD) 

(N = 51) 

PI with GFD           

(Mean ± SD) 

(N = 29) 

PII without GFD                

(Mean ± SD) 

(N = 23) 

P-value 

GGT (U/L) 23.83±7.06 28.17±10.38 20.75±6.30 

C&PI 0.056 

C&PII 0.280 

PI&PII 0.004 

ALT (U/L) 

 

17.37±0524 

 

 

19.45±85.8 

 

16.59±6.57 

C&PI 0.349 

C&PII 0.879 

PI&PII 0.252 

AST (U/L) 
15.47±.518 

 

15.89±85.8 

 
12.96±6.48 

C&PI 0.969 

C&PII 0.385 

PI&PII 0.349 

AST/ALT 

 

0.11±0.25 

 

0...± 0.41 0.74± 0.08 

C&PI 0.258 

C&PII 0.181 

PI&PII 0.956 

Significant:*P<0.05; **P<0.001; no Significant: P>0.05 

 

      Celiac disease has a worldwide incidence of 1%, but there are significant differences 

between countries [14]. In this disease, the ratio of identified to undiagnosed instances can 

reach 1:7 [15]. The correlation of clinical, serologic, and histological characteristics is 

required for the accurate identification of this disease. There are no CD monitoring standards 

or parameters to assess on a regular basis during follow-up. Anti-TTG titres, on the other 

hand, are presently used to assess adherence and reaction to a GFD and are typically 

examined annually in everyday clinical practice. It is well understood that adhering to a GFD 

will result in disease management for the vast majority of CD patients, lowering the risk of 

complications and death [16]. Because it is made in the small intestine, which is where gluten 

causes inflammation in people who are sensitive to it, the amount of anti-TTG IgA in the 

blood is a better way to diagnose a disease [17]. Some researchers suggest that if serology 

remains aberrant after one year of GFD, further studies should be conducted [18]. Several 

studies have found that anti-transglutaminase and/or anti-endomysium (TTG/EMA) positivity 

after the commencement of a GFD is more commonly linked with intestinal damage [19,20]. 

Furthermore, antibody negativity is not always linked with histological healing and may be 

associated with false-negative findings [21,22]. Although the duration of the disease is 

different, anti-TTG in the current study showed high levels in all the studied groups as 

compared to the C group, regardless of whether the patient is on a gluten-free diet or not. In 

addition, upon compression between P1 and PII, no significant difference in anti-TTG levels 

between the two groups was found, which means GFD does not affect the level of anti-TTG. 

Previous studies thought that the rise in non-classical CD could be because people are 

changing the way they eat and eating more processed foods, which exposes people to the 

gliadin antigen more [23]. The percentage of patients suffering from typical gastrointestinal 

symptoms, such as weight loss, has been declining in recent decades. More individuals are 

now identified in screening trials who have extra-intestinal symptoms or have no symptoms 

[24]. Contrary to popular perception, many adult individuals with celiac disease have a high 

or average body mass index (BMI) at the time of diagnosis [25,26]. According to some 

research, those who follow a gluten-free diet religiously have a higher BMI [27]. Other 

studies documenting BMI in celiac disease patients at diagnosis and/or after a gluten-free diet 

have produced contradictory findings. Few studies on BMI and other developmental 
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parameters in adolescents have been conducted, and the results of those studies have been 

unclear [27,28]. The results of our study are in disagreement with Diamanti et al. [27] and 

Ukkola et al. [29]. They all found that gluten-free diets raise BMI in celiac disease patients 

due to their high caloric fat and protein amounts. Although CD mainly affects the gut, the 

disorder's clinical symptoms are broad, affecting many extraintestinal systems and organs, 

including the liver [30]. Hepatic dysfunction in CD can be anything from elevated liver 

enzymes or nonspecific hepatitis to chronic liver disease [31]. There is mounting evidence 

that "cryptogenic-raised transaminases," a largely asymptomatic chronic liver abnormality, is 

commonly linked with untreated celiac disease in both children and adults [35]. Liver changes 

in CD patients have been documented since 1977 by Hagander et al., who discovered that 

40% of adults with incipient CD had elevated serum transaminase activities, which reverted to 

normal in the vast majority of patients after a gluten-free diet (GFD) [33]. Pals, Myleus, and 

Norstrom [35] revealed that serum aminotransferase elevations have been observed in 

approximately one-third of paediatric CD cases [31]. In the present study, no significant 

difference was found in liver GOT and GPT in any group with or without a gluten-free diet. 

The present study disagrees with the studies reported in the literature [31-33], and this may be 

due to the different eating habits of Iraqi society or to the gluten-free food products in the 

commercial markets, most of which are not subject to health supervision, standardization, or 

quality control institutions. In addition, the significant increase in GGT activity in the PI 

group who adhered to a gluten-free diet indicates that patients may have an increased risk of 

liver damage. The study of multiple stages of patients with CD on GFD provides a clear 

image of the states of the liver and their impact on the diet of these patients [26]. According to 

the results, the GFD does not generally affect the liver, but over the long term, the diet may 

cause liver damage. The majority of research studies look at the frequency of 

hypertransaminasemia in CD or the relationship between CD and liver diseases, yet they do 

not look at other pathological alterations in recently identified CD patients [31]. The aetiology 

of hypertransaminasemia and liver injury in CD is still unknown. They are most likely caused 

by greater intestinal permeability and changes in gut flora, chronic inflammation of the 

intestines, and genetic susceptibility [35]. Within one year of therapy (GFD), the majority of 

paediatric and adult patients have normalized their liver tests [35,36]. If the transaminases 

normalize on the GFD, a yearly check-up is advised [37]. Another study found that in CD 

patients, the formation of autoimmune and cryptogenic liver abnormalities (having a 

favourable reaction to GFD) occurs. Typically, aminotransferase elevations are modest to 

intermediate, with a low AST/ALT ratio and a wide range of manifestation variations [38]. 

Other researchers have found that following the implementation of a GFD, liver functions 

improve. The process is likely complex, and gluten-induced damage to the gut mucosa may 

result in increased liver aminotransferases in celiac disease [91]. Serum aminotransferase 

increases will return to normal after gluten is removed from the diet, implying a link between 

gluten consumption, intestinal impact, and liver injury. Celiac disease causes greater intestinal 

permeability, which is caused by either inflammation or the stimulation of zonulin release, a 

tight junction regulator. Individuals with CD and hypertransaminasemia have significantly 

higher gut permeability than those with regular liver values. Toxins, antigens, and 

inflammatory chemicals (cytokines and/or autoantibodies) may enter the portal circulation 

more easily in the context of Celiac disease, and such mediators may play a role in the liver 

involvement observed in CD patients. Autoantibodies directed against the so-called celiac 

antigen (tissue transglutaminase) are found in the liver and other extra-intestinal tissues in 

Celiac disease, suggesting the hypothesis that humoral-mediated immune reactions play a 

pathogenic function in the liver injury seen in CD [40,41]. A correlation study was carried out 

between anti-TTG and the other parameters in the PI and PII groups to explore the 

relationship of GFD with these parameters in CD patients. The results in Table 5 showed that 
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there was no significant correlation between anti-TTG and the studied parameters in the study 

groups, whether they adhered to the GFD or not. 

 

Table 5: Correlation values with anti-TTG in the PI and PII groups 

Parameters 

Anti-TTG 

PI (N=29) PII (N=23) 

r P Sig. r P Sig. 

BMI -0.086 0.658 NS 0.037 0.866 NS 

GGT -0.023 0.906 NS 0.250 0.249 NS 

GPT 0.204 0.289 NS 0.293 0.175 NS 

GOT 0.196 0.309 NS 0.279 0.198 NS 

GOT/GPT 0.139 0.472 NS 0.274 0.206 NS 

HS: P < 0.01, S: P < 0.05, NS: P > 0.05. 

 

     The limitation of this study is that a lot of CD patients develop fatty livers, hence abnormal 

liver enzymes, which can lead to a false conclusion, which was the most difficult challenge 

we faced.  

 

4. Conclusion 

     It is concluded from the results of the current study that following a gluten-free diet did not 

aid in decreasing anti-TTG and that high activity of GGT may increase the risk of liver 

disease in CD patients who adhere to a gluten-free diet. We also advise CD patients to have 

periodic checks for liver functions to avoid liver damage. In addition, we recommended 

prospective studies for the determination of other hepatic parameters in celiac patients, and 

further studies on larger groups of patients are needed to explore what role GFD may play in 

the development of the metabolic disorder in CD patients. 
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