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MATERIALS AND METHODS 

A) Power calculation and sample size 

The power calculation of the study took into account the main end-point (i.e., the difference of zonulin serum 

levels between NCGS cases and IBS-D controls) and was based on a previous pilot study conducted in our 

laboratory [1] where a difference of 18 pg/mg total protein was observed between NCGS and IBS-D patients  

with standard deviation (SD) values of 31.2 and 7.7 pg/mg total protein in the two groups, respectively.  By 

considering the mean of these two SD values (20 pg/mg total protein) as the hypothesized SD, an alpha P 

value equal to 0.05, a number of NCGS cases of 96 and a ratio of IBS-D controls to NCGS c ases  of  0.686 
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(59 vs. 86) a power value of P=0.9996 was obtained, thus validating the study size. The post-hoc power 

calculation for the comparison of zonulin levels with all groups vs. NCGS showed good values for  the tw o 

significant results (IBS-D: P=0.706, HC: P=0.491) while the value for the not significant comparison with 

CD was poor (P=0.118). The effect of gluten-free diet on zonulin serum levels in NCGS patients stratified 

according to HLA-DQ2/8 status showed reasonable power: P=0.682 for the not significant effect observed in 

negative HLA patients and P=0.475 for the significant effect observed in positive HLA patients. Finally,  the 

post-hoc power for the diagnostic accuracy was very high (P=0.952). 

 

B) Algorithm procedure 

The stepwise logistic regression considering age, gender, zonulin serum levels and the symptom scores as 

independent variables was used to analyse data from IBS-D and NCGS patients. The results of the procedure 

are reported in Table S7 and a score that considered zonulin serum level, abdominal pain severity, distension 

severity and gender was defined on the basis of the coefficients computed by the logistic regress ion for  the 

variables that entered the procedure: 

Score =  0.098661 * zonulin + 1.077684  * (4 – abdominal pain severity) + 0.980096  * distension severity + 

2.083132 if female 

 

The average scores calculated for IBS-D and NCGS patients were 5.90±1.70 (median 5.61, IQR: 4.49-6.64)  

and  10.04± 7.41 (median 8.62, IQR: 7.63-10.47), respectively.  

The diagnostic accuracy of the score was calculated by means of the ROC curve and result ed to be 89.0% 

(AUC=0.890±0.033). The best cut-off for differentiating NCGS from IBS-D patients was chosen as the value 

of the score that maximized the likelihood ratio (LR) of the ROC curve computed according to the following 

formula:[2]  

 

LR = (Sensitivity + Specificity) / ((1 – Sensitivity) + (1- Specificity)) 

 

The LRmax was  5.591524  corresponding to a cut-off value of the score ranging from 6.644759 to 6.760989.  

By considering the central value of this range (6.702874) the best cut-off could be realistically fixed at the 
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value of 6.7. The sensitivity and specificity values at the best cut-off were 90.6% (77/85) and 79.1% (34/43), 

respectively. 

 

Finally, in order to obtain an index for discriminating NCGS vs. IBS-D patients, the value of the sc ore w as  

divided by the best cut-off (NvI index = score / 6.7): 

 

NvI = 0.014726 * zonulin + 0.160848 * (4 – abdominal pain severity) + 0.146283 * distension severity + 0.310915 if 

female 

 

 

Thus, patients with NvI values lower than 1 can be considered belonging from the IBS-D population,  w hile 

patients with NvI values greater than 1 can be considered belonging from the NCGS population. 

 

C) Calculation of the probability associated to the diagnosis obtained by using the algorithm 

 

To calculate the probability of belonging to the category NCGS or IBS-D, it was used the value of the 

predictive probability (PPred) calculated by the logistic regression (i.e., the co-domain of the logistic func tion 

with domain z): 

 

PPred (z)= 1 / (1 + e–z) 

 

By considering the values of both constant (-6.620555) calculated by the logistic regression and the c ut -off  

(6.7), as well as by considering that the score was computed as z – constant:  

z    =    score + constant    =    NvI * cut-off + constant    =    NvI * 6.7 – 6.620555 

 

in term of the NvI index, PPred becomes: 

PPred (NvI)     =    1 / (1 + e–z)    =     1 / (1 + e –(NvI * cut-off + constant))    =    1 / (1 + e – (NvI * 6.7 – 6.620555)) 

 

The predictive probability calculated at the discriminating value of NvI index (i.e. 1) resulted as follows: 
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PNvI=1    =    PPred (1)    =    1 / (1 + e –(1 * 6.7 – 6.620555))    =    1 / (1 + e –(6.7 – 6.620555)    =    1 / (1 + e –0.079445)    =    0.519851 

 

The probability of belonging to the two categories has been calculated by normalizing the value of PPred  to a 

value of a priori probability equal for the two groups (i.e., P = 0.5) by applying the following formulas: 

PNCGS    =    PPred * (1 - PNvI=1) / (PPred * (1 - PNvI=1) + (1 - PPred) * PNvI=1) 

 

PIBS-D    =    (1 - PPred) * PNvI=1 / (PPred * (1 - PNvI=1) + (1 - PPred) * PNvI=1) 

 

By considering the value: 

 

RpNvI=1    =    PNvI=1 / (1 - PNvI=1) 

 

 

the values of PNCGS and PIBS-D depending on the NvI index value were calculated by using the following 

procedure: 

PNCGS    =    PPred * (1 - PNvI=1) / (PPred * (1 - PNvI=1) + (1 - PPred) * PNvI=1) 

PNCGS    =    PPred / (PPred + (1 - PPred) * PNvI=1 / (1 - PNvI=1)) 

PNCGS    =    PPred / (PPred + (1 - PPred) * RpNvI=1) 

PNCGS    =    PPred / (PPred + RpNvI=1 - PPred * RpNvI=1) 

PNCGS    =    PPred / (PPred (1 - RpNvI=1) + RpNvI=1) 

PNCGS    =    1 / (1 - RpNvI=1 + RpNvI=1 / PPred) 

PNCGS    =    1 / (1 - RpNvI=1 + RpNvI=1 / (1 / (1 + e – (NvI * cut-off + constant)))) 

PNCGS    =    1 / (1 - RpNvI=1 + RpNvI=1 * (1 + e – (NvI * cut-off + constant))) 

PNCGS    =    1 / (1 - RpNvI=1 + RpNvI=1 + RpNvI=1 e – (NvI * cut-off + constant)) 

PNCGS    =    1 / (1 + RpNvI=1 * e – (NvI * cut-off + constant)) 

PNCGS    =    1 / (1 + e – (NvI * cut-off + constant) * RpNvI=1) 

 

PIBS-D    =    1 - PNCGS 

PIBS-D    =    1 – (1 / (1 + e – (NvI * cut-off + constant) * RpNvI=1)) 

PIBS-D    =    (1 + e – (NvI * cut-off + constant) * RpNvI=1 – 1) / (1 + e – (NvI * cut-off + constant) * RpNvI=1) 

PIBS-D    =    (e – (NvI * cut-off + constant) * RpNvI=1) / (1 + e – (NvI * cut-off + constant) * RpNvI=1) 

PIBS-D    =    1 / (1 / (e – (NvI * cut-off + constant) * RpNvI=1) + 1) 

PIBS-D    =    1 / ((1 / RpNvI=1) / e – (NvI * cut-off + constant) + 1) 

PIBS-D    =    1 / ((1 / RpNvI=1) * e + (NvI * cut-off + constant) + 1) 

PIBS-D    =    1 / (1 + (1 / RpNvI=1) * e + (NvI * cut-off + constant)) 
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PIBS-D    =    1 / (1 + e + (NvI * cut-off + constant) / RpNvI=1) 

 

By considering the value of RpNvI=1 

 

RpNvI=1    =    PNvI=1 / (1 - PNvI=1)    =    PNvI=1 / (1 - PNvI=1)    =    0.519851 / (1 - 0.519851)    =    1.082686 

  

and, by considering the values of both the constant (-6.620555) calculated by the logistic regression and the 

cut-off value (6.7), it was obtained: 

 

PNCGS    =    1 / (1 + e –( NvI * 6.7 - 6.620555) * 1.082686) 

PIBS-D    =    1 / (1 + e +( NvI * 6.7 - 6.620555) / 1.082686) 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2019-319281–1974.:1966 69 2020;Gut, et al. Barbaro MR



 6 

 

 

 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2019-319281–1974.:1966 69 2020;Gut, et al. Barbaro MR



 7 

 

 

FIGURES AND TABLES 

Figure S1. Zonulin serum levels in NCGS patients stratified according to diagnosis. Data are reported as 

mean ± SE (Overall P among the three groups: P=0.004 Kruskal-Wallis test). The pairwise comparison 

between different diagnoses is shown in the figure (Kruskal-Wallis test adjusted by the Bonferroni 

correction). 

 

 

 

 

Figure S2. Zonulin serum levels reported as absolute values (ng/ml) in the four study groups .  Zonulin 

serum levels differed significantly among the four groups (P<0.001, Kruskal–Wallis test). Boxes show 

interquartile ranges (ends) and median values (solid crossbars). P values among pairs of groups are shown at 

the top of the figure (Kruskal-Wallis test adjusted by the Bonferroni correction). 
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Figure S3. Relationships between zonulin serum levels and intestinal and non-intestinal symptoms 

evaluated in 12 HLA-DQ2/8–positive non-celiac gluten sensitivity (NCGS) patie nts . Data for  gluten-

containing (closed circles) and gluten-free (open circles) diets are pooled (Spearman rank correlations test).  
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Table S1. Biological and clinical data specific for non-celiac gluten sensitivity (NCGS) patie nts.  Data 

are shown as mean±SD, median and interquartile range [in brackets] or absolute and relative 

frequencies. 

 NCGS 

(n=86) 

  

AGA IgA 

- Positive (>15 IU/mL) 

3.54±4.95; 0 [0–6.4] 

4/85 (4.7%) 

AGA IgG 

- Positive (>50 IU/mL) 

28.8±36.6; 8.8 [0–53.7] 

23/85 (27.1%) 

HLA genotype 

- Negative 

- DQA1*05 

- DQB1*02 

- DQ2+ 

- DQ8+ 

- DQ2+/DQ8+ 

 

58 (67.4%) 

4 (4.7%) 

2 (2.3%) 

18 (20.9%) 

3 (3.5%) 

1 (1.2%) 

Extra-intestinal symptoms (score 0–3) 

- Tiredness 

- Headache 

- Anxiety 

- Foggy mind 

- Numbness 

- Joint/muscle pain 

- Skin rash 

- Weight loss 

- Anaemia 

 

1.5±1.3; 1 [0–3] 

1.0±1.2; 1 [0–2] 

0.6±1.0; 0 [0–1] 

0.8±1.2; 0 [0–1.3] 

0.5±0.9; 0 [0–1] 

0.9±1.2; 0 [0–2] 

0.5±1.0; 0 [0–0] 

0.1±0.4; 0 [0–0] 

0.4±0.8; 0 [0–0] 
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- Depression 

- Dermatitis 

- Rhinitis 

- Asthma 

0.4±0.8; 0 [0–0] 

0.3±0.7; 0 [0–0] 

0.1±0.3; 0 [0–0] 

0 a 

a No NCGS patient had asthma. 
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Table S2. Relationships between zonulin and clinical data in the overall population and in the 4 subgroups of patients (Spearman rank correlation). 

 Overall 

(n=185) 

AC 

(n=25) 

IBS-D 

(n=59) 

NCGS 

(n=86) 

CD 

(n=15) 

Age (y) rs=-0.130; P=0.079 rs=-0.171; P=0.413 rs=-0.115; P=0.386 rs=-0.291; P=0.006 rs=0.648; P=0.009 

Sex (female vs. male) a χ2=2.024; P=0.155  χ2=0.065; P=0.798 χ2=0.226; P=0.635 χ2=5.312; P=0.021 χ2=0.522; P=0.470 

Antibody titres (IU/mL)      

- Anti-tTG IgA rs=0.241; P=0.003 - rs=0.321; P=0.028 rs=0.110; P=0.311 rs=0.628; P=0.016 

- Anti-DGP IgG rs= 0.127; P=0.168 - rs=0.131; P= 0.560 rs=0.100; P=0.364 rs=0.128; P=0.692 

- IgE rs=0.100; P=0.330 - rs=-0.132; P=0.569 rs=0.275; P=0.019 rs=-0.866; P=0.333 

Histopathology (Marsh) rs= 0.112; P=0.266 - - rs=-0.008; P=0.943 rs=-0.139; P=0.620 

Abdominal pain scores 

- Severity(0–4) 

- Frequency (0–4) 

 

rs=0.068; P=0.421 

rs=0.136; P=0.108 

 

- 

- 

 

rs=0.244; P=0.115 

rs=0.054; P=0.733 

 

rs=0.188; P=0.085 

rs=0.240; P=0.027 

 

rs=-0.018; P=0.954 

rs=0.000; P=1.000 

Distension scores 

-Severity(0–4) 

- Frequency (0–4) 

 

rs=0.189; P=0.025 

rs=0.266; P=0.001 

 

- 

- 

 

rs=0.065; P=0.678 

rs=0.112; P=0.476 

 

rs=0.171; P=0.118 

rs=0.282; P=0.009 

 

rs=0.153; P=0.617 

rs=0.210; P=0.513 

Quality of life (VAS 0–10) rs=-0.269; P=0.012 - rs=0.305; P=0.059 rs=-0.290; P=0.091 rs=-0.572; P=0.041 

a Kruskal–Wallis test 
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Table S3. Effect of gluten withdrawal on clinical data of 44 non-celiac gluten sensitivity (NCGS) 

patients. Data are shown as mean±SD and median and interquartile range [in brack ets] . (Wilcoxon 

signed-rank test). 

 

 Before 

gluten withdrawal 

(GCD) 

After 6 months of 

gluten withdrawal 

(GFD) 

P value 

Antibody titreAnaemias (IU/mL)    

- Anti-tTG IgA 2.1±3.7; 0 [0–3.9] 1.0±1.6; 0 [0–1.4] <0.001 

- Anti-DGP IgG 2.4±3.4; 0 [0–5.0] 1.3±2.3; 0 [0–1.9] <0.001 

- AGA IgA 3.6±4.8; 0 [0–6.5] 2.5±3.1; 0 [0–4.6] 0.003 

- AGA IgG 31.6±39.1; 8.8 [0–58.1] 14.8±24.0; 2 [0–18.2] <0.001 

Abdominal pain scores (0–4)    

- Severity 1.8±1.7; 1.5 [0–3.0] 0.9±1.0; 1 [0–1.0] 0.001 

- Frequency 1.8±1.7; 2 [0–3.0] 0.9±1.0; 1 [0–1.8] 0.001 

Distension scores (0–4)    

- Severity 2.3±1.6; 3 [1.0–4.0] 1.2±1.1; 1 [0–2.0] <0.001 

- Frequency 2.3±1.6; 3 [1.0–4.0] 1.2±1.0; 1 [0–2.0] 0.001 

Quality of life (VAS 0–10) 2.4±1.0; 2.5 [1.5–3.0] 7.3±1.3; 7.5 [6.1–8.5] <0.001 

Extra-intestinal symptoms (score 0–3)    

- Tiredness 1.4±1.4; 1 [0–3.0] 0.5±0.6; 0 [0–1.0] <0.001 

- Headache 1.1±1.3; 0 [0–2.8] 0.4±0.7; 0 [0–1.0] 0.001 

- Anxiety 0.7±1.1; 0 [0–2.0] 0.3±0.5; 0 [0–0] 0.001 

- Foggy mind 0.7±1.2; 0 [0–1.0] 0.2±0.4; 0 [0–0] 0.004 

- Numbness 0.4±1.0; 0 [0–0] 0.2±0.4; 0 [0–0] 0.024 

- Joint/muscle pain 1.0±1.4; 0 [0–3.0] 0.4±0.8; 0 [0–1.0] 0.001 

- Skin rash 0.6±1.1; 0 [0–1.0] 0.2±0.7; 0 [0–0] 0.022 

- Weight loss 0.1±0.4; 0 [0–0] 0 0.317 
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- Anaemia 0.9±1.2; 0 [0–2.0] 0.3±0.4; 0 [0–0.8] 0.016 

- Depression 0.4±0.9; 0 [0–0] 0.1±0.3; 0 [0–0] 0.010 

- Dermatitis 0.5±0.9; 0 [0–0.8] 0.2±0.4; 0 [0–0] 0.038 

- Rhinitis 0.1±0.3; 0 [0–0] 0.1±0.3; 0 [0–0] 1.000 

- Asthma 0 0 1.000 
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Table S4. Effect of gluten withdrawal on clinical data of 44 non-celiac gluten sensitivity (NCGS) patients stratified according to HLA-DQ2/8 ge notype . 

Data are shown as mean±SD, as well as median and interquartile range [in brackets]. 

 HLA-DQ2/8–negative  HLA-DQ2/8–positive 

Gluten-containing 

diet 

Gluten-free diet P 

valuea 

Gluten-containing diet Gluten-free diet P 

valuea 

Antibody titres (IU/mL)        

- Anti-tTG IgA 1.6±2.5; 0 [0–3.0] 0.9±1.6; 0 [0–1.4] 0.003  3.6±5.8; 1.0 [0–6.4] 1.3±1.7; 0.5 [0.1–2.5] 0.028 

- Anti-DGP IgG 2.3±3.6; 0 [0–5.1] 1.2±2.5; 0 [0–1.8] 0.002  2.7±2.6; 3.0 [0–4.6] 1.4±1.3; 1.5 [0–2.5] 0.011 

- AGA IgA 2.8±4.5; 0 [0–5.9] 1.9±2.8; 0 [0–4.3] 0.062  5.6±5.3; 5.7 [0–8.9] b 4.1±3.4; 4.0 [0–7.3] 0.012 d 

- AGA IgG 28.6±32.5; 8.8 [0–

55.2] 

10.4±17.8; 0 [0–

12.5] 

0.001  39.3±53.4; 11.3 [0–

77.2] 

24.5±33.0; 7.4 [0–

49.0] 

0.012 

Abdominal pain scores (0–4)        

- Severity 1.6±1.6; 1 [0–3.0] 0.8±1.0; 1 [0–1.0] 0.019  2.3±1.8; 3 [0.3–4.0] 1.0±1.0; 1 [0–2.0] 0.006 

- Frequency 1.7±1.7; 1 [0–3.0] 0.8±1.0; 1 [0–1.0] 0.013  2.3±1.6; 3 [0.3–3.8] 1.1±1.2; 1 [0–2.0] 0.006 

Distension scores (0–4)        

- Severity 2.3±1.6; 3 [1.0–4.0] 1.2±1.1; 1 [0–2.0] 0.006  2.3±1.6; 3 [0.3–3.8] 1.1±1.0; 1 [0–2.0] 0.006 

- Frequency 2.2±1.6; 2.5 [1.0–4.0] 1.3±1.1; 1 [0–2.0] 0.013  2.5±1.6; 3 [0.5–4.0] 1.0±0.9; 1 [0–2.0] 0.007 

Quality of life (VAS 0–10) 2.5±1.0; 2.5 [1.6–3.4] 7.6±1.3; 8 [6.8–8.5] 0.002  2.2±1.0; 2.3 [1.1–2.9] 6.9±1.2; 6.8 [5.6–7.9] 0.012 
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Extra-intestinal symptoms (score 0-

3): 

       

- Tiredness 1.1±1.4; 0 [0–3.0] 0.3±0.5; 0 [0–1.0] 0.001  2.0±1.5; 3 [0–3.0] 0.8±0.8; 1 [0–1.0] 0.010 

- Headache 0.8±1.2; 0 [0–1.8] 0.2±0.5; 0 [0–0] 0.009  1.7±1.4; 2 [0–3.0] 0.8±1.0; 0.5 [0–1.8] b 0.023 

- Anxiety 0.6±1.1; 0 [0–0.8] 0.2±0.5; 0 [0–0] 0.011  1.1±1.2; 0.5 [0–2.0] 0.5±0.7; 0 [0–1.0] 0.038 

- Foggy mind 0.5±1.0; 0 [0–0.8] 0.1±0.2; 0 [0–0] 0.015  1.3±1.5; 0 [0–3.0] 0.5±0.7; 0 [0–1.0] c 0.088 

- Numbness 0.4±0.9; 0 [0–0] 0.1±0.3; 0 [0–0] 0.066  0.6±1.2; 0 [0–0.8] 0.3±0.5; 0 [0–0.8] 0.157 

- Joint/muscle pain 0.9±1.4; 0 [0–3.0] 0.3±0.7; 0 [0–0] 0.009  1.3±1.4; 1 [0–0.3] 0.7±0.9; 0 [0–1.8] 0.039 

- Skin rash 0.5±1.0; 0 [0–0.8] 0.2±0.8; 0 [0–0] 0.101  0.8±1.3; 0 [0–2.5] 0.3±0.5; 0 [0–0.8] 0.102 

- Weight loss 0.2±0.6; 0 [0–0] 0 0.317  0 0 1.000 

- Anaemia 0.5±1.0; 0 [0–0.8] 0.1±0.3; 0 [0–0] 0.102  1.4±1.3; 1.5 [0–2.8] 0.5±0.5; 0.5 [0–1.0] b 0.059 

- Depression 0.4±0.9; 0 [0–0] 0.1±0.2; 0 [0–0] 0.039  0.6±0.9; 0 [0–1.8] 0.3±0.5; 0 [0–0.8] 0.102 

- Dermatitis 0.5±1.0; 0 [0–0.8] 0.2±0.4; 0 [0–0] 0.102  0.5±0.9; 0 [0–1.5] 0.1±04; 0 [0–0] 0.180 

- Rhinitis 0.0±0.2; 0 [0–0] 0.1±0.2; 0 [0–0] 0.564  0.2±0.4; 0 [0–0] 0.1±0.3; 0 [0–0] 0.317 

- Asthma 0 0 1.000  0 0 1.000 

VAS: visual analogue scale 

a Wilcoxon signed-rank test 

b P<0.05, c P<0.01 vs. HLA-DQ2/8–negative patients (Kruskal–Wallis test) 

d P=0.036 of the differences of changes observed after gluten withdrawal between positive and negative HLA-DQ2/8 patients (Kruskal–Wallis test) 
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Table S5. Relationships between zonulin serum levels and clinical data evaluated in 44 non-celiac 

gluten sensitivity (NCGS) patients before (gluten-containing diet) and after (gluten-free die t)  after 6 

months of gluten withdrawal. Data are pooled from before (GCD) and after (GFD) gluten withdrawal,  

as well as stratified according to the different diets (Spearman rank correlation test). 

 

 Two diets pooled 

(n=88) 

 Diet 

Gluten-containing 

(n=44) 

 Gluten-free 

(n=44) 

Antibody titres (IU/mL)      

- Anti-tTG IgA rs=0.244; P=0.022  rs=0.389; P=0.009  rs=0.101; P=0.515 

- Anti-DGP IgG rs=0.323; P=0.002  rs=0.439; P=0.003  rs=0.191; P=0.220 

- AGA IgA rs=0.269; P=0.011  rs=0.340; P=0.024  rs=0.180; P=0.241 

- AGA IgG rs=0.242; P=0.028  rs=0.281; P=0.068  rs=0.164; P=0.318 

Abdominal pain scores (0–4)      

- Severity rs=0.271; P=0.011  rs=0.367; P=0.014  rs=0.052; P=0.738 

- Frequency rs=0.270; P=0.011  rs=0.384; P=0.010  rs=0.030; P=0.847 

Distension scores (0–4)      

- Severity rs=0.210; P=0.049  rs=0.272; P=0.075  rs=0.017; P=0.912 

- Frequency rs=0.246; P=0.021  rs=0.359; P=0.017  rs=0.026; P=0.867 

Quality of life (VAS 0–10) rs=-0.259; P=0.107   rs=-0.044; P=0.855  rs=0.208; P=0.379 

Extra-intestinal symptoms (score 0–3)      

- Tiredness rs=0.252; P=0.018  rs=0.362; P=0.016  rs=0.046; P=0.768 

- Headache rs=0.070; P=0.516  rs=0.210; P=0.172  rs=-0.155; P=0.315 

- Anxiety rs=0.325; P=0.002  rs=0.386; P=0.010  rs=0.204; P=0.183 

- Foggy mind rs=0.074; P=0.495  rs=0.037; P=0.813  rs=0.047; P=0.760 

- Numbness rs=0.179; P=0.095  rs=0.282; P=0.064  rs=0.061; P=0.693 

- Joint/muscle pain rs=0.190; P=0.077  rs=0.223; P=0.146  rs=0.119; P=0.443 
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- Skin rash rs=0.108; P=0.316  rs=0.167; P=0.279  rs=-0.032; P=0.836 

- Weight loss rs=-0.049; P=0.766  rs=-0.179; P=0.450  N/a 

- Anaemia rs=0.046; P=0.780  rs=-0.012; P=0.960  rs=-0.070; P=0.769 

- Depression rs=0.000; P=0.997  rs=0.101; P=0.513  rs=-0.229; P=0.136 

- Dermatitis rs=0.071; P=0.662  rs=0.014; P=0.954  rs=0.036; P=0.879 

- Rhinitis rs=0.067; P=0.532  rs=0.018; P=0.909  rs=0.103; P=0.506 

- Asthma N/a  N/a  N/a 

N/a: not available because no patients had weight loss after gluten withdrawal and asthma was not present 

before or after gluten withdrawal in any patient. VAS: visual analogue scale 
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Table S6. Relationships between zonulin serum levels and clinical data evaluated in 44 non-celiac 

gluten sensitivity (NCGS) patients stratified by negative (n=32) and positive (n=12) HLA-DQ2/8 

genotype. Data for gluten-containing and gluten-free diets were pooled (Spearman rank correlation 

test). 

 HLA-DQ2/8–negative 

(64 samples) 

 HLA-DQ2/8–positive 

(24 samples) 

Antibody titres (IU/mL)    

- Anti-tTG IgA rs=0.208; P=0.100  rs=0.530; P=0.008 

- Anti-DGP IgG rs=0.272; P=0.030  rs=0.692; P<0.001 

- AGA IgA rs=0.242; P=0.054  rs=0.587; P=0.003 

- AGA IgG rs=0.184; P=0.167  rs=0.534; P=0.007 

Abdominal pain scores (0–4)    

- Severity rs=0.164; P=0.195  rs=0.652; P=0.001 

- Frequency rs=0.165; P=0.194  rs=0.649; P=0.001 

Distension scores (0–4)    

- Severity rs=0.058; P=0.650  rs=0.643; P=0.001 

- Frequency rs=0.082; P=0.521  rs=0.703; P<0.001 

Quality of life (VAS 0–10) rs=-0.125; P=0.559  rs=-0.495; P=0.051 

Extra-intestinal symptoms (score 0–3)    

- Tiredness rs=0.138; P=0.276  rs=0.730; P<0.001 

- Headache rs=-0.142; P=0.263  rs=0.673; P<0.001 

- Anxiety rs=0.346; P=0.005  rs=0.473; P=0.019 

- Foggy mind rs=0.028; P=0.827  rs=0.373; P=0.072 

- Numbness rs=0.251; P=0.046  rs=0.118; P=0.582 

- Joint/muscle pain rs=0.116; P=0.363  rs=0.522; P=0.009 

- Skin rash rs=0.014; P=0.915  rs=0.400; P=0.053 

- Weight loss rs=-0.075; P=0.727  N/a 
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- Anaemia rs=0.076; P=0.725  rs=0.155; P=0.567 

- Depression rs=-0.148; P=0.244  rs=0.392; P=0.058 

- Dermatitis rs=-0.004; P=0.986  rs=0.194; P=0.470 

- Rhinitis rs=0.094; P=0.460  rs=0.118; P=0.582 

- Asthma N/a  N/a 

N/a: not available because no patient with the HLA-DQ2/8–positive genotype had weight loss both before 

and after withdrawal and asthma was not present before or after gluten withdrawal in any patient. 

VAS: visual analogue scale 
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Table S7. Variables and coefficients of the logistic regression. 

 
Variable Coefficient 

(Mean±SE) 

Statistical 

significance     

Step 1 Female gender 2.040093±0.625160 P=0.001  

Age 0.024261±0.020969 P=0.247  

Zonulin serum level 0.110920±0.026389 P<0.001  

4 – Abdominal pain severity 1.992816±0.664184 P=0.003  

Abdominal pain frequency 0.901968±0.576145 P=0.117  

Abdominal distension 

severity 

1.699929±0.661396 P=0.010 

 

Abdominal distension 

frequency 

-0.737912±0.558136 P=0.186 

 

Constant -11.259936±3.069460 P<0.001     

Step 2 Female gender 2.132206±0.615843 P=0.001  

Zonulin serum level 0.107365±0.025902 P<0.001  

4 – Abdominal pain severity 1.936825±0.652297 P=0.003  

Abdominal pain frequency 0.842884±0.566105 P=0.137  

Abdominal distension 

severity 

1.705063±0.657663 P=0.010 

 

Abdominal distension 

frequency 

-0.757898±0.555325 P=0.172 

 

Constant -10.073985±2.802866 P<0.001     

Step 3 Female gender 2.033556±0.606819 P=0.001  

Zonulin serum level 0.098757±0.024157 P<0.001  

4 – Abdominal pain severity 1.513896±0.521960 P=0.004  

Abdominal pain frequency 0.514225±0.490704 P=0.295  

Abdominal distension 

severity 

0.925179±0.275136 P=0.001 

 

Constant -8.349211±2.264041 P<0.001     

Step 4 Female gender 2.083132±0.603295 P=0.001  

Zonulin serum level 0.098661±0.023880 P<0.001  

4 – Abdominal pain severity 1.077684±0.291718 P<0.001  

Abdominal distension 

severity 

0.980096±0.276007 P<0.001 

 

Constant -6.620555±1.448837 P<0.001 

 

Age, as well as abdominal pain and distension frequencies, did not enter the procedure 
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