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ABSTRACT

 Introduction: a routine small bowel biopsy (SBB) during the follow up of celiac disease (CD) is

controversial. Little information is available regarding the histological changes during (gluten

free diet (GFD) in the long term.

Objectives: the aim of the study was to evaluate a novel criterion to compare duodenal

histology in CD patients after six months and two years of gluten withdrawal.



Methods: this was a cross-sectional study of 200 patients with confirmed Marsh I-III who were

under the six months (group A, n = 100) and 24 months (group B, n = 100) of a GFD. Nineteen

patients were excluded due to an inadequate adherence to the GFD and another 23 patients

were excluded as they were unwilling to undergo a re-endoscopy and did not comply with the

necessary criteria. Endoscopy with a duodenal biopsy, serological assays and clinical evaluation

were performed and compared with baseline data in the remaining 58 patients (20 patients in

group A and 38 patients in group B).

Results: a significant complete histological recovery was found in 47.4% of patients in group B

compared to 30% in group A (p = 0.026). A partial histological recovery was reported in seven

(35%) and eleven (28.9%) patients in groups A and B, respectively. Any changes in mucosal

histology after GFD was observed in 35% of patients in group A and 23.7% in group B.

Serological assessment and endoscopic appearance normalized in 78.9% vs 75.0% in group B

and 68.4% vs 65.0% in group A, respectively. However, this improvement did not reach

statistical significance (p > 0.05).

Conclusions: the results of this study show that histological recovery in patients with Marsh ≥ III

is slow and does not correlate with symptomatic improvement. We suggest that the long-term

effects of a GFD can play an important role in achieving histological improvement, especially in

older patients.
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INTRODUCTION

Celiac disease (CD) is permanent state of intolerance to gluten and is an immune-mediated

disorder that affects approximately 1% of the Western and Middle Eastern population (1-3).

The immunologic response to gluten in gluten sensitive people causes histological

abnormalities of the small intestinal mucosa, including increased intraepithelial lymphocytosis,

crypt hyperplasia and villous distortion (4-6). The only treatment for CD is the lifelong

adherence to a gluten-free diet (GFD) that is expected to improve not only symptoms and

micronutrient deficiencies but also prevent long-term complications including malignant

diseases (7,8). Histological recovery of the small intestinal mucosa is assumed to occur after



starting a gluten-free diet, followed by clinical remission (9). Most patients with CD respond to

GFD but symptoms and mucosal changes persist in a small percentage of patients, despite full

compliance with GFD and improvement of the symptoms. Even though the histological

abnormalities persist, malignant transformation is rare in patients following a GFD.

Some guidelines traditionally recommend a follow-up endoscopy and biopsies after 6-12

months on a GFD in order to document the histological improvement and confirm the clinical

remission and dietary compliance (10,11). More recent guidelines advise against a routine

biopsy as long as patients achieve an optimal clinical improvement (12). Meanwhile, some

studies suggest that the time to a complete histological recovery is much longer than 6-12

months of a GFD (4,13). Therefore, the optimal timing for a repeat small bowel biopsy after

starting a GFD is a controversial matter. It is unclear if a routine biopsy should be performed in

every CD patient or only in those at high risk of complications.

The aim of the present study was to evaluate the indication and value of the small bowel biopsy

(SBB) during the follow-up of CD patients on a GFD. We present clinical, serological, endoscopy

and duodenal histology data in CD patients during six and 24 months of gluten withdrawal.

MATERIAL AND METHODS

Patient selection and study design

Two hundred patients with CD, who were under the six months (group A, n = 100) and 24

months (group B, n = 100) GFD, were identified in the Gastroenterology Clinic in Taleghani

Hospital, Tehran (Iran), between 2015 and 2017. Demographic characteristics such as sex, age,

family history and presenting signs and symptoms were recorded for each patient. At baseline,

those patients with Marsh I-II and a negative IgA-tTG test were excluded. Only patients with

severe histological (Marsh III) changes were included in order to achieve a better

characterization, as the objective of study was to assess the value of histology and biopsies.

Therefore, 100 CD patients (50 cases in each group) with Marsh III were enrolled in this cross-

sectional study. GFD adherence was assessed after the diet using a validated structured

questionnaire consisting of four questions about how the patients managed their GFD (14).

Actual adherence to the GFD based on a questionnaire was defined as adequate with a score of

3-4 and as inadequate with a score of 0-2 (15). Nineteen patients with a score of 0-2 were



excluded from the study due to an inadequate adherence to GFD. This included ten patients in

group A and nine patients in group B. Moreover, 23 patients were excluded due to the personal

reason as they were unwilling to undergo a re-endoscopy after GFD. This included 20 patients

in group A and three patients in group B. Therefore, endoscopy with a duodenal biopsy,

serological assays and clinical evaluation were performed in the remaining 58 patients (20

patients in group A and 38 patients in group B) (Fig. 1). Duodenal histology, serological results,

endoscopic features and clinical presentation in these patients after six and 24 months of a GFD

were compared with the baseline data. Written informed consent was obtained from all

patients and the study was approved by the Ethics Committee of the Research Institute for

Gastroenterology and Liver Diseases, Shahid Beheshti University of Medical Sciences, Tehran,

Iran.

Upper GI endoscopy procedure

Patients underwent an upper GI endoscopy and changes in the villous structure of the mucosa

associated with CD including reduced Kerckring’s folds, scalloping of the mucosa on circular

folds, mucosal fissures and a mosaic pattern were recorded (16). Endoscopic appearance was

reported based on normal and abnormal features. A normal endoscopic appearance was

defined as a lack of alterations in the duodenal mucosal and a normal villous appearance,

whereas an abnormal endoscopic appearance was defined as scalloping of the duodenal folds,

a mosaic pattern of the mucosa in the second part of the duodenum and loss of the duodenal

folds (17,18).

Histological evaluation

Upper gastrointestinal endoscopy and biopsies were performed with a flexible endoscope

(Olympus, Japan). Six well-oriented biopsy specimens were collected from the bulb (two

biopsies) and second part of the duodenum (four biopsies) from every patient. Briefly, the

samples were fixed overnight in 10% formalin buffer and paraffin-embedded. Subsequently,

they were stained with hematoxylin and eosin (H&E) and examined by a gastrointestinal

pathologist for routine histological evaluation. The duodenal biopsies were interpreted by two

expert pathologists who were not informed about the clinical status of the patients; the small



intestinal histological features were interpreted according to the Marsh classification as follows

(19,20): Marsh 0: normal mucosal architecture, without significant intraepithelial lymphocytic

infiltration; Marsh I: raised intraepithelial lymphocytes (IELs) with > 25 lymphocytes per 100

enterocytes; Marsh II: raised intraepithelial lymphocytes and crypt hyperplasia; and Marsh III:

villous flattening (19,20).

Serological and clinical evaluation

After six or 24 months of a GFD, five milliliters of venous blood were drawn from each patient

for serological evaluation. Blood samples were kept at -20 °C for the assessment of anti-tTG

(IgA) and total serum IgA for those with an IgA deficiency. Determinations of tTG IgA were

performed by an enzyme-linked immunosorbent assay (ELISSA, AESKULISA®, Germany) in

duplicate and according to the manufacturer’s instructions (the cut-off value for t-TG was > 15

U/ml). Clinical presentations were also collected using a questionnaire, before and after six or

24 months of a GFD.

Interpretation of histological results and statistical analysis

Histological outcomes during GFD were divided into three groups: normalization, remission and

unchanged. Normalization or the complete histological recovery group (Marsh 0) included cases

with a full recovery, without significant intraepithelial lymphocytic infiltration. The remission or

partial histological recovery group included cases with an improvement or reconstitution of the

villous architecture (improving towards Marsh I and II). The unchanged group was classified as

the same Marsh class at diagnosis (Marsh III). Patients in the normalization and remission

groups were considered as “responsive” and patients in the unchanged group were considered

as “non-responsive” to GFD.

Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS) 21.0

(Chicago, IL, USA) and a two tailed p-value < 0.05 was considered as statistically significant. Data

are expressed as the mean, median and interquartile ranges or values as a percentage. The

Kolmogorov-Simonov’s test was used to assess the normal distribution of the data. Categorical

variables were compared using Pearson’s Chi-squared test or the Fisher’s exact test, depending

on the nature of the data. The Wilcoxon signed-rank test was used to compare the



histopathological results (histological and serological findings) before and after GFD in each

group. In addition, the Mann-Whitney U-test was used to compare the histology recovery

between two groups. Odds ratios (ORs) and 95% confidence intervals (CIs) were used to

describe the association and were obtained by logistic regression analysis. Age and gender were

included in the model to detect any possible factors linked to the histological and serological

findings.

RESULTS

Demographic characteristics of patients

Fifty-eight adult CD patients (25 males, 33 females with a mean age of 39.5 ± 13.7 years) with

serological positivity and flat mucosa (Marsh III) at the time of diagnosis were evaluated. The

main symptoms at the time of diagnosis in all 58 CD patients in both groups were bloating

(65.5%), fatigue (65.5%) and anemia (53.4%). The demographic characteristics of 58 CD patients

are presented in table 1. Demographic characteristics of the study population were not

significantly different between the two groups (p > 0.05).

Histological, serological, clinical and endoscopic findings

Table 2 shows the histological, serological, clinical and endoscopic findings in both groups,

before and after six and 24 months of a GFD. Complete histological recovery (Marsh 0) after six

months of GFD was found in 6/20 (30%) patients compared to 18/38 (47.4%) patients after 24

months of GFD. The difference between the two groups was statistically significant (p = 0.026).

Partial histological recovery was found in seven (35%) and eleven (28.9%) patients in group A

and B, respectively. Therefore, the histological findings showed that 13/20 (65%) and 29/38

(76.3%) patients were responsive to GFD (complete and partial histological recovery) in groups

A and B, respectively. The percentage of patients without any changes in mucosal histology

(remained as Marsh III) after six and 24 months of GFD was 35% and 23.7%, respectively. No

statistically significant differences were found between the two groups with respect to

remission and the histology remained unchanged as Marsh III (p > 0.05).

All 58 patients at baseline had an abnormal endoscopic appearance (villous flattening), whereas

there was a recovery of the villous architecture after six and 24 months of GFD in 13 (65%) and



26 (68.4%) patients, respectively. However, the endoscopic appearance in seven (35%) and 12

(31.6%) patients remained abnormal in group A and B, respectively. In group A, seven patients

with an abnormal endoscopy had scalloping features and a mosaic pattern appearance in five

(71.4%) and two (28.6%) cases, respectively. On the other hand, a mosaic pattern and

scalloping features were seen in seven (58.4%) and five (41.6%) patients, respectively, with an

abnormal endoscopic appearance after 24 months of GFD. Serological follow up after six and 24

months of GFD showed normalization of IgA-tTG in 15 (75%) and 29 (78.9%) patients,

respectively. There was a significant reduction in t-TG antibody levels in each group (p < 0.001).

At baseline, all patients with clinical symptoms were enrolled in the study. The clinical

symptoms improved in 50% and 57.9% of patients in group A and B, respectively, during follow

up after six and 24 months of GFD (p < 0.002). No statistically significant differences were found

between the two groups (50% vs 57.9%, p > 0.05).

The most prevalent clinical symptoms at baseline in group A were fatigue (80%), weight loss

(65%), bloating and diarrhea (60%). While the three most common symptoms after six months

of GFD were diarrhea (35%), weight loss (20%) and bloating (15%). All symptoms were

significantly improved during six months of a GFD, except for diarrhea and aphthous stomatitis

(p = 0.056 and p = 0.577, respectively). At the initial presentation, bloating (68.4%), fatigue

(57.9%) and anemia (55.2%) were the most common symptoms in group B. After 24 months of

GFD, bloating (23.7%), diarrhea (5.2%) and weight loss (5.2%) were the three most common

symptoms and all symptoms were significantly improved in this group (p < 0.05).

Univariate and multivariate analysis

Table 3 shows the univariate and multivariate analysis for histological and serological findings

according to sex and age in the studied groups. The patients were subdivided according to age

(above and below 40 years). Univariate analysis showed that the rate of histological recovery in

young patients was higher than in older patients in group A (p = 0.046), whereas there was no

statistically significant difference in the different age groups of patients according to the

multivariate analysis showed (p = 0.074). In addition, there were no statistically significant

differences between histological and serological recovery according to sex and age in group B (p

> 0.05).



Table 4 shows the association between histological findings and endoscopic appearance,

serological features and overall clinical symptoms in the studied groups. The relationship

between histological and serological findings in group B was statistically significant (p = 0.033).

There was no statistically significant difference between the two groups with regard to

histological, clinical symptoms or endoscopic appearance (p > 0.05). In terms of the association

between clinical symptoms and histology findings, 50% and 37.5% of patients with persistent

histological abnormalities remained symptomatic in group A and B, respectively. Despite the

higher percentage of clinical symptom improvement in patients with histological normalization

in both groups, these differences were not significant between the two groups (p > 0.05).

DISCUSSION

The clinical, serological and histological characteristics of 58 adult CD-seropositive patients with

Marsh III were assessed before and after GFD in two groups; group A and B on a GFD for six and

24 months, respectively. Complete histological recovery (Marsh 0) occurred more significantly

in CD patients with 24 months of GFD than in those with six months of GFD (47.4% vs 30%, p =

0.026). Remission status or partial histological recovery (Marsh I and II) was reported in 35%

and 28.9% of patients in group A and B, respectively. Moreover, 35% and 23.7% of patients still

had a total villous atrophy, despite six and 24 months of GFD, respectively. GFD adherence was

assessed after the diet using a validated structured questionnaire (14,15). However, it is almost

impossible to be sure that all patients strictly follow the GFD. There is no consensus regarding

the optimal frequency of monitoring the GFD or the best tools for assessing compliance.

Available methods to assess GFD adherence markers are insufficiently sensitive and are either

indirect or based on subjective estimates. The determination of gluten immunogenic peptides

(GIP) in feces and urine has recently been proposed for direct verification of GFD compliance in

order to reduce the bias of GFD adherence (21,22).

Histological recovery in CD after starting a GFD takes time and the optimal timing of the follow-

up biopsy remains unclear. According to the US and UK guidelines, follow-up by small bowel

biopsy after 4-6 months on GFD is considered as the gold standard (23-25). However, other

studies have shown that the small bowel mucosa does not generally normalize within 4-6

months (4,9,13,26,27). Grefte et al. reported that the recovery of the intestinal mucosa in 22



CD patients continued from nine to 19 months and was still incomplete after 2-4 years (28).

Similar to our findings, Wahab et al. found (20) that only 65% of 158 patients achieved

histological improvement (Marsh 0-II) within two years (4). Furthermore, Tursi et al. found that

32/42 of CD patients (72%) had a normal small bowel histology after two years on a GFD (29).

The findings by Wahab et al. and Tursi et al. are in accordance with our findings and show that

repeating the duodenal biopsy six months after diagnosis is too early to achieve a complete

histological normalization. The most frequently reported symptoms such as fatigue, diarrhea,

weight loss, bloating and anemia at the time of diagnosis were similar to those reported in

previous studies (30-33). These results confirmed that the increased duration of adhering to

GFD is significantly correlated with the improvement the symptoms.

According to previous studies, age at diagnosis is a factor that can affect histological healing in

CD patients (4,34,35). Tursi et al. reported that young patients (15-30 years old) showed an

improved histology within 12 months (p < 0.034) compared to older patients (> 30 years old).

However, this difference was not statistically significant (26). In our study, patients under 40

years at diagnosis in group A showed a more significant improvement in histology recovery

than patients older 40 years (50% vs 0%, p = 0.046), according to the univariate analysis.

However, no statistically significant differences were found in different age groups of patients

in the multivariate analysis (p = 0.074). In addition, there were no statistically significant

differences between histological and serological recovery according to sex and age in group B (p

> 0.05). Therefore, we concluded that the degree of histological recovery was independent of

age, although a more complete mucosal recovery (Marsh 0) occurred in CD adult patients over

40 years of age within 24 months of a GFD than in those with six months of a GFD. This is

probably due to the long-term effects of a GFD. We suggest that the long-term of effects of a

GFD can play an important role in achieving a histological improvement, especially in older

patients. It is likely that younger patients have a greater ability to adapt to the gluten-free diet

and that the diet was not optimal in older patients. Therefore, the optimal timing to reach a

serological and histological recovery in older CD patients (patients aged over 40 years) is higher

than in younger patients. Nevertheless, larger studies are needed to further clarify this

relationship.



The response to gluten withdrawal in patients is variable. Notably, clinical, histological and

serological responses often do not occur in parallel and equally. Several studies have shown

that serum CD associated antibodies, such as anti-transglutaminase and/or anti-endomysium (t-

TG/EMA) positivity after the start of a GFD, are more frequently associated with intestinal

damage (13,36-38). Moreover, antibody negativity is not necessarily related to histological

recovery and may in fact be associated with false-negative results (9,39-43). In our study, a

poor correlation was found between histological recovery and other outcomes such as

serological, endoscopic features and clinical symptoms. The presence or absence of clinical

symptoms in patients with CD is not related to their pathological outcome.

Antibody seroconversion and the normality of the endoscopic appearance after six and 24

months of a GFD was not an indicator of a complete resolution of the histological damage. This

is due to the fact that antibody negativity was found in 57.1% and 44.4% of Marsh III patients

with no histological changes in group A and B, respectively. In addition, antibodies were still

positive in 11.1% of patients in group B with a complete recovery of histological damage.

Furthermore, a normal endoscopic appearance was found in 42.9% and 44.4% of patients with

a no-change status (Marsh III) in group A and B, respectively. These findings suggest the

possibility of antibody positivity in patients with a complete mucosal recovery as previously

reported (44-46). The determination of antibodies and endoscopic appearance as alternative

markers for histological improvement and GFD should be used with caution. Therefore, a

negative CD serology and normal endoscopic features in patients with Marsh III are not reliable

predictors of a histological responsive outcome. These observations suggest that duodenal

histology may be a necessary tool to assess the efficacy of GFD and also support the need for

further information on the extent and the factors that influence mucosal healing during GFD. A

limitation of this study is that the association of a complete histological recovery with mild or

more severe forms of histological damage could not be determined, as patients with Marsh I

and Marsh II were excluded from the study.

In conclusion, this study has shown that serological and endoscopic recovery is faster than

histological improvement in adults with CD who undergo a GFD. Histological recovery in CD

after starting a GFD takes more time. In fact, our results show that repeating the duodenal

biopsy six months after diagnosis and starting a GFD is not sufficient to achieve a complete



histological recovery. Therefore, repeating the duodenal biopsy 24 months after diagnosis and

starting the GFD in CD patients is considered as important to monitor histological recovery,

although reversal to normality of the small intestinal histology requires a prolonged and strict

adherence to GFD, for even more than two years.
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Table 1. Demographic characteristics of 58 celiac patients

Demographic characteristics Group A

6 months of

GFD

20 (%)

Group B

24 months of

GFD

38 (%)

Total

58 (100%)

p-value

Sex Male

Female

9 (36)

11 (33.3)

16 (64)

22 (66.7)

25 (100)

33 (100)

0.832*

Age Mean ± SD

range

40.4 ± 11.8

19-57

39.1 ± 14.7

13-67

39.5 ± 13.7

13-67

0.720†

Age group ≤ 40

> 40

12 (36.4)

8 (32)

21 (63.6)

17 (68)

33 (100)

25 (100)

0.729*

Family history of CD Yes

No

1 (12.5)

19 (38)

7 (87.5)

31 (62)

8 (100)

50 (100)

0.241‡

Data are expressed as the number of total (%), mean ± standard division and range. *Pearson’s Chi-

squared test. †Student’s t-test. ‡Fisher’s exact test.



Table 2. Histological, serological, clinical and endoscopic findings in the studied groups

Histopathological results

Group A

20 (%)

p-value

Group B

38 (%) p-value

Initial

presentation

6 months

of GFD

Initial

presentati

on

24

months of

GFD

Histological

findings

Marsh III

Marsh II

Marsh I

Normal histology

20 (100)

0

0

0

7 (35)

0

7 (35)

6 (30)#

<

0.001*

38 (100)

0

0

0

9 (23.7)

1 (2.6)

10 (26.3)

18 (47.4)†

< 0.001*

IgA-tTG

test

Positive

Negative

20 (100)

0

5 (25)

15 (75)

<

0.001*

38 (100)

0

9 (21.1)

29 (78.9)

< 0.001*

Endoscopic

appearance

Normal

Abnormal

0

20 (100)

13 (65)

7 (35)

<

0.001*

0

38 (100)

26 (68.4)

12 (31.6)

< 0.001*

Clinical

symptoms

Anemia

Osteoporosis

Diarrhea

Weight loss

Fatigue

Aphthous

stomatitis

Bloating

10 (50)

7 (35)

12 (60)

13 (65)

16 (80)

2 (10)

12 (60)

1 (5)

0

7 (35)

4 (20)

0

1 (5)

3 (15)

0.004

0.005

0.056

0.001

< 0.001

0.577

0.001

21 (55.2)

10 (26.3)

18 (47.4)

16 (42.1)

22 (57.9)

7 (18.4)

26 (68.4)

1 (2.6)

0

2 (5.2)

2 (5.2)

1 (2.6)

1 (2.6)

9 (23.7)

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.012

< 0.001

p-value < 0.05 were considered as statistically significant. *Wilcoxon signed-rank test was used to

compare the histological and serological findings before and after GFD in each group. †The comparison

of the histology recovery between the two groups was assessed by the Mann-Whitney U-test and the

p-value was significant (30% vs 47.4%, p = 0.026).



Table 3. Univariate and multivariate analysis of the histological and serological findings

according to sex and age in the studied groups

Variables Univariate analysis Multivariate analysis

OR for histological findings

(95% CI)

p-value OR for histological findings

(95% CI)

p-value

Group A (6 months of GFD)

Age ≤ 40

> 40

1 ref.

8.333 (1.034-62.142)

-

0.046*

1 ref.

7.169 (0.828-62.044)

-

0.074

Gender Female

Male

1 ref.

0.343 (0.048-2.552)

-

0.287

1 ref.

0.583 (0.063-5.387)

-

0.634

Group B (24 months of

GFD)

Age ≤ 40

> 40

1 ref.

1.771 (0.392-8.002)

-

0.458

1 ref.

2.045 (0.425-9.831)

-

0.372

Gender Female

Male

1 ref.

0.306 (0.054-1.730)

-

0.180

1 ref.

0.280 (0.048-1.634)

-

0.157

OR for serological findings

(95% CI)

p-value OR for serological findings

(95% CI)

p-value

Group A (6 months of GFD)

Age ≤ 40

> 40

1 ref.

0.091 (0.008-1.077)

-

0.057

1 ref.

0.115 (0.009-1.459)

-

0.095

Gender Female

Male

1 ref.

4.571 (0.409-51.138)

-

0.217

1 ref.

2.706 (0.192-38.198)

-

0.461

Group B (24 months of GFD)

Age ≤ 40

> 40

1 ref.

0.565 (0.125-2.552)

-

0.458

1 ref.

0.568 (0.125-2.584)

-

0.465

Gender Female 1 ref. - 1 ref. -



Male 0.882 (0.195-3.987) 0.871 0.928 (0.202-4.264) 0.923

*p-value < 0.05 was considered as statistically significant. Odds ratios (ORs) and 95% confidence

intervals (CIs) were used for logistic regression.



Findings presentation Histological results Total p-value

Normalizatio

n

Remission No change

Group A (6 months of GFD)

Endoscopic

appearance

Normal

Abnormal

5 (38.5)

1 (14.3)

5 (38.5)

2 (28.6)

3 (23.1)

4 (57.1)

13 (100)

7 (100)

0.283

Serologic test

(IgA-tTG)

Negative

Positive

6 (40)

0

5 (33.3)

2 (40)

4 (26.7)

3 (60)

15 (100)

5 (100)

0.198

Clinical

symptoms

No

Yes

4 (40)

2 (20)

4 (40)

3 (30)

2 (20)

5 (50)

10 (100)

10 (100)

0.351

Group B (24 months of GFD)

Endoscopic

appearance

Normal

Abnormal

15 (57.7)

3 (25)

7 (26.9)

4 (33.3)

4 (15.4)

5 (41.7)

26 (100)

12 (100)

0.113

Serologic test

(IgA-tTG)

Negative

Positive

16 (55.2)

2 (22.2)

9 (31)

2 (22.2)

4 (13.8)

5 (55.6)

29 (100)

9 (100)

0.033*

Clinical

symptoms

No

Yes

11 (50)

7 (43.8)

8 (36.4)

3 (18.8)

3 (13.6)

6 (37.5)

22 (100)

16 (100)

0.195

Table 4. Association between the histological findings and endoscopic appearance, serological

features and overall clinical symptoms in the studied groups

Data are expressed as the number of total (%).*p-value < 0.05 was considered as statistically

significant.



Fig. 1. Flow chart of participants in the study.

 Excluded due to unwillingness to
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adherence to GFD (n = 9)
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