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Abstract  22 

Background: The condition non-coeliac gluten sensitivity (NCGS) is clinically similar to coeliac 23 

disease, but lack objective diagnostic criteria. Symptom relief on gluten-free diet followed by gluten 24 

containing food challenge may confirm the condition in clinical settings.  25 

Aim: To describe the results of an open bread challenge in patients with suspected NCGS, and to 26 

compare the results with recently suggested cut-offs for symptom change. 27 

Material and methods: Fifty-six patients (12 males) self-instituted on gluten-free diet with negative 28 

coeliac disease diagnostics were examined for NCGS by an open bread challenge. Symptoms were 29 

reported by Gastrointestinal Symptom Rating Scale, IBS-version (GSRS-IBS) and visual analogue 30 

scale (VAS). Results were retrospectively compared to the Salerno and Monash cut-offs for symptom 31 

change. 32 

Results:  Forty-seven patients were diagnosed with NCGS. Total GSRS-IBS score and overall 33 

symptoms by VAS increased significantly in NCGS (p<0.001), but not in non-NCGS patients (p<0.12 34 

and p=0.08, respectively). Total GSRS-IBS challenge score and overall symptoms by VAS were 35 

significantly higher in NCGS than in non-NCGS patients (53 vs 37, p=0.004 and 76 vs 39 mm, p=0.02, 36 

respectively). Applying the Salerno and Monash cut-offs, 63 and 75% would be classified with NCGS, 37 

respectively. According to total GSRS–IBS absolute agreement was lowest between clinician’s 38 

diagnosis and Salerno cut-off (63%) and highest between Salerno and Monash cut-offs (88%).  39 

Conclusion: Clinician diagnosed 85% with NCGS. The proportion of NCGS was lower according to 40 

the Salerno and Monash cut-offs. The Salerno cut-off should be the starting point for a common 41 

definition of symptom change.  42 
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Introduction 45 

Non-coeliac gluten sensitivity (NCGS) is a relatively new entity of gluten related disorders that differs 46 

from coeliac disease (CD) and wheat allergy (WA), but without a precise and accepted definition [1]. 47 

NCGS is so far understood as a condition associated with the experience of various intestinal and 48 

extra-intestinal symptoms in response to ingestion of wheat, rye and barley, followed by resolution of 49 

symptoms on dietary removal of these foods, when CD and WA is properly excluded [2]. NCGS was 50 

first described in the early 1980’s in the United Kingdom [3], and in recent years there has been an 51 

increase in reports of the condition . There are no reliable biomarkers for the diagnosis. The true 52 

prevalence is therefore still unknown, also because many patients are self-diagnosed and start a gluten-53 

free diet (GFD) without a proper examination [4]. NCGS may also overlap with conditions such as 54 

irritable bowel syndrome (IBS) and food hypersensitivities that also lack diagnostic precision [5]. 55 

Currently diagnosis of NCGS is based on exclusion of other diseases, combined with patient’s 56 

experience of symptom relief on GFD [6]. Elimination of dietary gluten followed by a standardized 57 

gluten challenge may confirm the condition, as improvement of symptoms after gluten exclusion is 58 

regarded as a diagnostic criterion for NCGS. Open food challenges has been widely used for clinical 59 

purposes, especially in dietician guided assessment of various food hypersensitivities, also suggested 60 

to facilitate the diagnose of NCSG [7]. However, there has not been any standardization of the gluten 61 

containing vehicle, how to record symptoms, or how to define symptom change. Thus, in 2009 Oslo 62 

University Hospital standardized an open bread challenge to assess NCGS in a clinical setting. The 63 

classification of NCGS or non-NCGS has been performed by a gastroenterologist (hereafter called 64 

clinician), based on clinical interview, symptom scores by VAS and validated questionnaires, but 65 

without any predefined standard for symptom change.  66 

Recently the Salerno Expert group recommended blinded placebo controlled gluten challenge for the 67 

confirmation of NCGS, though, without stating any best suited gluten containing vehicle. A threshold 68 

of >30 % symptom change was suggested to define a patient responsive to challenge (Salerno cut-off) 69 

[8].  Another threshold of change, minimum 20 mm on 100 mm visual analogue scale (VAS), has 70 

recently been used in a controlled research setting by Australian researchers (Monash cut-off) [9] .  71 
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Our first aim was to describe the results of the open bread challenge in patients with suspected NCGS 72 

in Norway 2009-2015. Further, these data provide a unique opportunity to retrospectively compare the 73 

results of our clinical evaluation with the recently suggested Salerno and Monash cut-offs for 74 

symptom change.  75 

Material and methods 76 

Dietician’s and clinician’s reports were analyzed from medical records of patients investigated for 77 

NCGS from January 2009 to September 2015 at the Department of Gastroenterology and the Division 78 

of Clinical Nutrition, Oslo University Hospital, Rikshospitalet, composing a retrospective quality 79 

control study. 80 

All patients were investigated according to a protocol prepared prior to inclusion period. Referrals 81 

came from local hospital or general practitioner. The patients were self-instituted on gluten-free diet 82 

followed by self-reported symptom relief. Coeliac disease was considered to be ruled out if the patient 83 

had had a normal duodenal biopsy while on a gluten-containing diet, or if they were negative for the 84 

coeliac disease compatible genotypes HLA-DQ2.5 or –DQ8. Patients with clinically defined wheat 85 

allergy were deemed not suitable for challenge. An experienced dietitian carried out nutrition 86 

assessment including evaluation of dietary intake, history of food related symptoms and diet adherence 87 

by a standardized interview. Height and weight were measured, body mass index (kg/m2) calculated 88 

and instructions for the open bread challenge were given. 89 

Open bread challenge 90 

Patients underwent a 3-14 days open challenge of four slices of white bread (120 g) considered to 91 

equate eight grams of gluten per day. The length of the period changed over the years: The majority 92 

(n=41) were challenged for 3 days, but two patients were challenged for five days, two for seven days 93 

(n=2) and 11 for 14 days. The longer period was due to patients reporting that three days of challenge 94 

would not be enough to catch the symptoms. The bread was purely wheat based and retrospective 95 

analysis showed that 100 grams of white bread contained 6.8 g of gluten (SD 5.2, 8.4) [10] and 2.1 g 96 

of fructans (analyzed by the Monash University). Patients were told otherwise to keep their diet 97 
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consistent with baseline throughout the challenge. However, consistency was not checked. 98 

Gastrointestinal symptoms were recorded by a Norwegian translation of the Gastrointestinal Symptom 99 

Rating Scale, irritable bowel syndrome-version (GSRS-IBS), reflecting three days of their normal 100 

situation before the challenge (baseline), and after the challenge. GSRS-IBS is a self-administered 13-101 

items questionnaire, with a seven-point Likert scale for each item (ranging from 1=’no symptom’ to 102 

7=’severe symptom’) [11]. The questionnaire has previously been used to monitor response during 103 

gluten challenge in coeliac and NCGS patients [12]. The five sub-dimension scores (pain, bloating, 104 

constipation, diarrhea and satiety), were calculated retrospectively and were not available for the 105 

clinician’s classification. Abdominal pain, bloating and overall symptoms were recorded daily on a 106 

100 mm VAS. The dietician calculated the symptom scores. The clinician evaluated the challenge 107 

response of each patient, without any predefined standard for symptom change, and concluded with 108 

positive or negative diagnosis for NCGS.  Reasons for not getting the diagnosis was 1) negative or 109 

small change of symptoms in response to challenge or 2) high baseline symptom score indicating lack 110 

of symptom control despite living on gluten-free diet. The diagnosis was used by the patients when 111 

they applied for reimbursement for gluten-free food (as defined by National Administration of Labour 112 

and Welfare). 113 

Comparison of scoring methods 114 

Results of the clinical evaluation of NCGS were compared with the Salerno and Monash criteria. In 115 

2015 the Salerno criteria was suggested to standardize the investigation of NCGS for clinical and 116 

research purposes [8]: A symptom increase of ≥30 % when exposed to a given amount of gluten in a 117 

standardized challenge was considered significant worsening. Since symptom recording in the current 118 

study also included 100 mm VAS, the Monash criteria was also used for comparison:  A symptom 119 

increase of ≥20 mm on VAS was considered a clinically relevant worsening of symptoms when 120 

challenged to standardized gluten amount in a research setting [9]. To make the scoring methods 121 

comparable, GSRS-IBS scores ≥30 and ≥20 % of total were classified as NCGS with Salerno and 122 

Monash criteria, respectively. Change in score on visual analogue scale ≥30 mm was classified as 123 

NCGS with the Salerno criteria.  124 
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For simplicity, the comparison of the prevalence of NCGS between the scoring methods focuses on 125 

the total GSRS-IBS score. 126 

Statistics 127 

Results are presented as frequencies (%), means (standard deviations, SDs) or medians (interquartile 128 

range, IQR). Patients were classified as NCGS or non-NCGS. Changes from baseline to challenge for 129 

the whole group were tested by the Wilcoxon signed rank test. The two groups were compared by the 130 

Mann Whitney U test. Comparison between the two groups as regards sex was performed by a chi-131 

square test. Spearman correlation coefficient (r) was calculated to estimate the associations between 132 

the symptom scores for overall symptoms, abdominal pain and bloating by VAS and total score for 133 

GSRS-IBS and the pain and bloating dimensions. 134 

Agreement between the scoring methods was estimated by absolute agreement (the proportion of 135 

patients on the diagonal, PA) and Kappa (κ). Strength of agreement was evaluated according to the 136 

Kappa cut-offs given by Landis & Koch [13]: =0.01≤κ≤0.20 poor, 0.21≤κ≤0.40 fair, 0.41≤κ≤0.60 137 

moderate, 0.61≤κ≤0.80 substantial and 0.81≤κ≤0.99 excellent agreement. McNemar test was used to 138 

test symmetry. Specific agreement was also calculated, expressing separately the agreement for the 139 

diagnosis of NCGS (positive agreement, Ppos) and  non-NCGS (negative agreement, Pneg) using the 140 

formulas in de Vet et al [14]. Two-sided p-values <0.05 were considered significant. Statistical 141 

analysis was carried out using the statistical software IBM SPSS.22. 142 

Retrospective power analysis was performed. Mean (SD) mm overall symptoms assessed by VAS 143 

during challenge was 67 (26) for NCGS (n=36) and 41 (15) for non-NCGS (n=6), and significantly 144 

different (p=0.001). With a significance level of 0.05, we had 88 % power to detect this difference in 145 

VAS score between NCGS and non-NCGS patients with group sizes of 36 and 6, respectively 146 

(calculated in Stata).  147 

The manuscript was prepared according to the standard criteria in the Strengthening the Reporting of 148 

Observational Studies in Epidemiology (STROBE) statement (http://www.strobe-statement.org). 149 

 150 
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Ethics  151 

The study was approved by the local Privacy Commissioner for Research at Oslo University Hospital, 152 

Division for patient security and quality the 22nd of April 2015, registered with the project 153 

identification code 2014/16821 - Gluten challenge in suspected non-coeliac gluten sensitivity - a 154 

retrospective study. Written informed consent was obtained post-investigation from all patients.  155 
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Results 156 

 157 

Study sample 158 

Of 63 patients referred for NCGS investigation from January 2009 to September 2015, 56 (12 males) 159 

completed the open bread challenge protocol (5 did not return symptom records and 2 had a diagnosis 160 

of inflammatory bowel disease). Diet interview showed that all patients adhered well to the gluten-free 161 

diet at baseline. 162 

All 56 patients completed the GSRS-IBS questionnaire and 42 completed the VAS. The evaluation by 163 

the consultant clinician resulted in 47 patients (85 %) receiving a NCGS diagnosis and 9 not receiving 164 

the diagnosis, hereafter referred to as NCGS and non-NCGS patients, respectively. No significant 165 

differences were found between the groups as regards sex, BMI and duration of GFD (0.50≤p≤0.95, 166 

Table 1), but the non-NCGS patients were significantly older than the NCGS patients (means 54 and 167 

38 years, respectively, p=0.005).  168 

 169 

Table 1 Characteristics of the study sample  

  

Total 

(n=56) 

NCGS 

(n=47) 

Non-NCGS 

(n=9) 

p-valuea 

Sex n (m/f) 12/44 10/37 2/7 0.95 

Age (years), mean (SD) 41 (15.4) 38 (14.7) 54 (11.6) 0.005 

BMI (kg/m2), median (IQR) 22.6 (20, 27) 22.9 (20, 27) 21.9 (21, 25) 0.50 

GFD (months), median (IQR) 16 (4, 37) 18 (9, 44) 12 (1, 36) 0.65 

NCGS=Non coeliac gluten sensitivity, SD=Standard deviation, BMI=Body mass index 

IQR=interquartile range. GFD=gluten free diet. 
aChi-square test for gender and Mann Whitney U test for the other variables 
 170 

 171 

 172 

 173 
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Assessment of NCGS by clinician  174 

Symptom scoring by total GSRS-IBS, GSRS dimensions, and VAS for overall symptoms, abdominal 175 

pain and bloating increased significantly from baseline to challenge in the total sample (p<0.001, 176 

Table S1). Figure 1 shows that the NCGS patients had significant increase in gastrointestinal 177 

symptoms as response to the challenge (p<0.001), whereas the non-NCGS patients did not change 178 

significantly in symptom score from baseline to challenge (0.12≤p≤0.67). Total GSRS-IBS score at 179 

baseline was significantly higher in non-NCGS than in NCGS patients (p=0.005, Table S2). Total 180 

GSRS-IBS score during challenge and GSRS-IBS score for pain, bloating, diarrhea dimensions were 181 

significantly higher in the NCGS compared to non-NCGS patients (0.004≤p≤0.03), while no 182 

significant difference was observed for constipation and satiety dimensions (p=0.79 and p=0.14, 183 

respectively).  184 
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Table S1 Baseline and challenge symptom score assessed by GSRS-IBS (total n=56, domains n=55) and VAS (n=42) 
 

  
Baseline 

 
Challenge 

 
Change score 

  
Mean (SD) Median (IQR)   Mean (SD) Median (IQR)   Mean (SD) Median (IQR) p-valuea 

Total GSRS-IBS 
 

20.3 (7.4) 18.5 (14, 23)   49.6 (14.2) 50.5 (38, 61)   29.2 (15.5) 32.0 (18, 41) <0.001 

 
Pain 

 
3.5 (1.7) 3.0 (2, 4)   8.4 (2.9) 8.0 (7, 10)   4.9 (3.2) 5.0 (3, 7) <0.001 

 
Bloating 

 
5.6 (2.8) 5.0 (3, 7)   14.2 (4.7) 15.0 (11, 18)   8.6 (5.7) 10.0 (5, 12) <0.001 

 
Constipation 

 
3.1 (2.1) 2.0 (2, 3)   5.6 (3.9) 5.0 (2, 8)   2.7 (4.3) 2.0 (0, 5) <0.001 

 
Diarrhea 

 
6.0 (3.0) 5.0 (4, 7)   14.2 (6.6) 13.0 (9, 19)   8.2 (7.6) 7.0 (3, 14) <0.001 

 
Satiety 

 
2.9 (1.5) 2.0 (2, 3)   6.7 (3.5) 7.0 (3, 9)   3.9 (3.5) 4.0 (1, 7) <0.001 

VAS           

 Overall symptoms   10.3 (12.3) 6.0 (2, 18)   58.9 (25.8) 62.0 (45, 85)   48.6 (29.3) 47.4 (30, 75) <0.001 

 
Abdominal pain 

 
9.4 (13.0) 5.5 (1, 15)   58.3 (26.4) 62.0 (36, 80)   48.9 (28.2) 46.3 (35, 77) <0.001 

 
Bloating 

 
13.1 (14.0) 7.0 (2, 14)   63.2 (26.5) 63.2 (32, 81)   50.1 (29.0) 53.5 (27, 75) <0.001 

GSRS=gastrointestinal symptom rating scale- IBS version, missing in domains n=1, VAS=visual analogue scale 0-100 mm missing n=14 

SD=standard deviation. IQR=interquartile range. 
aWilcoxon signed rank test 
 

  185 
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 186 

Figure 1 Box plot of baseline (B) and challenge (C) scores for total gastrointestinal symptom rating 187 

scale-(GSRS)-IBS and GSRS-dimensions in non-coeliac gluten sensitivity (NCGS) (n=47) and non-188 

NCGS (n=8). P-values from the Mann Whitney U test.189 
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Table S2 Baseline and challenge symptom score by GSRS-IBS  and VAS in NCGS (n=47) and non-NCGS (n=8) 

  

Median baseline score (IQR) 
 

Median challenge score (IQR) 
 

Median change score (IQR) 

NCGS Non-NCGS  
p-valuea  

NCGS Non-NCGS  
p-valuea  

NCGS Non-NCGS  
p-valuea 

(n=47) (n=8)   (n=47) (n=8)   (n=47) (n=8) 

GSRS-IBS total 18 (14,23) 26 (21,38) 0.005 
 

53 (41,61) 37 (26,46) 0.004 
 

36 (27,44) 8 (-7,16) <0.001 

 
Pain 3 (2,4) 4 (2,7) 0.19 

 
9 (7,10) 6 (4,8) 0.02 

 
5 (4,7) 1 (0,5) 0.003 

 
Bloating 5 (3,6) 6 (5,12) 0.06 

 
15 (12,19) 9 (7,15) 0.01 

 
10 (7,13) 3 (-2,5) 0.001 

 
Constipation 2 (2,3) 3 (2,8) 0.22 

 
5 (2,8) 5 (2,8) 0.79 

 
3 (0,5) 1 (-4,6) 0.31 

 
Diarrhea 5 (4,6) 8 (5,12) 0.05 

 
14 (9,19) 9 (6,15) 0.03 

 
9 (5,14) 2 (0,5) 0.001 

 
Satiety 2 (2,3) 4 (2,6) 0.08 

 
8 (3,9) 4 (2,9) 0.14 

 
5 (1,7) 0 (0,1) 0.001 

VAS (n=36) (n=6) 
  

(n=36) (n=6) 
  

(n=36) (n=6) 
 

 
Overall symptoms 6 (2,16) 20 (9,40) 0.07 

 
76 (54,85) 39 (30,53) 0.02 

 
55 (38, 77) 19 (-2, 34) 0.001 

 
Abdominal pain 6 (1,12) 21 (7,41) 0.02 

 
70 (43,82) 28 (24,39) 0.004 

 
50 (37, 78) 10 (14, 28) <0.001 

  Bloating 6 (1,13) 7 (4,23) 0.30   69 (34,82) 33 (24,53) 0.03   55 (29, 76) 28 (11, 39) 0.03 
 GSRS-IBS=gastrointestinal symptom rating scale – IBS version, missing in domains non-NCGS n=1, VAS=visual analogue scale 0-100 mm,  

NCGS=non-coeliac gluten sensitivity, IQR=inter quartile range, SD=standard deviation 
aMann Whitney U test 

        
 

      190 

  191 
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The NCGS patients had significant increase in symptom score by VAS from baseline to challenge 192 

(p<0.001, Table 2). The non-NCGS patients showed some increase in bloating and overall symptoms, 193 

though not significant p=0.05 and p=0.08, respectively. All VAS scores during challenge were 194 

significantly higher in NCGS than in the non-NCGS patients (p≤0.03, Table S2). The change in 195 

symptom score from baseline to challenge was significantly higher in NCGS patients for overall 196 

symptoms, abdominal pain, and bloating (p≤0.02) 197 
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Table 2 Baseline and challenge symptom scorea assessed by 100 mm visual analogue scale in NCGS (n=36) and non-NCGS (n=6)   

   
NCGS  

 
Non-NCGS 

 
Change score 

 
Baseline Challenge p-valueb 

 
Baseline Challenge p-valueb 

 
NCGS Non-NCGS p-valueb 

Overall symptoms (mm)    6 (2, 16) 76 (54, 85) <0.001   20 (9, 40) 39 (30, 53) 0.08   55 (38, 77) 19 (-2, 34) 0.001 

Abdominal pain (mm) 
 

6 (1, 12) 70 (43, 82) <0.001 
 

21 (7, 41) 28 (24, 39) 0.60 
 

50 (37, 78) 10 (14, 28) <0.001 

Bloating (mm) 
 

6 (1, 13) 69 (34, 82) <0.001 
 

7 (4, 23) 33 (24, 53) 0.05 
 

55 (29, 76) 28 (11, 39) 0.03 

NCGS=Non-coeliac gluten sensitivity 

aMedian (interquartile range) 

bMann Whitney U test  

 198 
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Correlation coefficients stratified by group are presented in Table S3. Significantly positive correlation 199 

was found between the GSRS-IBS and VAS scores for overall symptoms, abdominal pain, and 200 

bloating at baseline and challenge for NCGS (0.49≤r≤0.69, p≤0.01).  201 
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Table S3 Spearman’s correlation coefficient between scores of GSRS-IBS and VAS for abdominal pain, bloating and overall symptoms (n=42) 

  Baseline 
 

Challenge 
 

Change score 

 GSRS vs VAS 
 

  
p-value 

Non 
NCGS 
(n=6) 

p-value 
 

  
p-value 

Non 
NCGS 
(n=6) 

p-value 
 

  
p-value 

Non 
NCGS 
(n=6) 

p-value 
 

NCGS 
(n=36) 

  
NCGS 
(n=36) 

  
NCGS 
(n=36) 

Overall symptoms   0.53 0.001 0.83 0.04   0.70 <0.001 0.99 < 0.001   0.56 0.001 0.99 0.001 
Abdominal pain   0.69 0.01 0.98 <0.001 

 
0.61 <0.001 0.40 0.51 

 
0.56 0.001 0.82 0.09 

Bloating 
 

0.49 0.003 0.46 0.43 
 

0.61 <0.001 0.46 0.43 
 

0.48 0.003 0.96 0.005 
 202 
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Comparison with Salerno and Monash criteria 203 

In the retrospective analysis, according to total GSRS-IBS score NCGS would be classified in 63 % by 204 

the Salerno cut-off and 75 % by the Monash cut-off, as compared to the 85 % diagnosed by the 205 

clinician (Table 3). Classification as NCGS according to overall symptoms by VAS score would be 206 

74 % by Salerno cut-off and 81% by the Monash cut -off, as compared to the 86 % diagnosed by the 207 

clinician. 208 

Absolute agreement (PA) according to total GSRS-IBS between the clinician’s diagnosis and the new 209 

classification according to the Salerno cut-off was 75 % (κ =0.40), increased to PA= 85 % between 210 

clinician and Monash (κ =0.51) and was highest between the Salerno and Monash classification 211 

PA=88 % (κ=0.71, Table 3). Absolute agreement according to overall symptoms by VAS was higher 212 

between the clinician’s diagnosis and the Salerno cut-off classification, PA=88 % (κ=0.60), than 213 

between clinician diagnosis and Monash cut-off classification, PA=86 % (κ=0.42). For overall 214 

symptoms assessed by VAS, applying the Salerno and Monash cut-offs showed highest absolute 215 

agreement, PA=93 % (κ=0.76). 216 

 217 
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Table 3 Prevalence (P0) and absolute agreement (PA) between clinician-, Salerno- and Monash classifications, for GSRS-IBS and VAS 

   

Prevalence (P0) 
 

Clinician-Salerno 
 

Clinician-Monash 
 

Salerno-Monash 

   

Clinician Salerno Monash 
 

PA Kappa 

 

PA Kappa 

 

PA Kappa 

    N n (%) n (%) n (%) 
 

%     %     %   

GSRS-IBS total 56 47 (85)b 35 (63) 42 (75)  75 0.40  85 0.51  88 0.71 

 

Pain 55a 
 

34 (62) 45 (82) 
 

69 0.26 
 

85 0.47 
 

80 0.53 

 

Bloating 
  

38 (69) 42 (76) 
 

80 0.45 
 

84 0.48 
 

93 0.82 

 

Constipation 
  

17 (31) 27 (49) 
 

34 0.03 
 

53 0.07 
 

82 0.63 

 

Diarrhea 
  

24 (44) 34 (62) 
 

62 0.23 
 

73 0.35 
 

82 0.65 

 

Satiety 
  

26 (47) 31 (56) 
 

62 0.27 
 

67 0.28 
 

91 0.82 

VAS 42 a 36 (86)b 
           

 Overall symptoms     31 (74) 34 (81)  79 0.35   81 0.32   93 0.80 

 
Abdominal pain 

  
33 (79) 36 (86) 

 
88 0.60 

 
86 0.42 

 
93 0.76 

 
Bloating 

  
30 (71) 37 (88) 

 
71 0.18 

 
76 0.06 

 
83 0.51 

 GSRS-IBS=gastrointestinal symptom rating scale – IBS version, VAS=visual analogue scale 0-100 mm 

a Total n, missing GSRS domains n=1, VAS n=14 

b Clinician evaluated only for total score 

 218 

  219 
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Table 4 shows disagreement. The distribution was skewed towards more patients diagnosed with 220 

NCGS by clinician than would have been if the Salerno cut-off had been applied. There was a lack of 221 

symmetry for all GSRS-IBS dimensions in the comparison between clinician’s diagnosis and Salerno 222 

cut-off classification (p≤0.01). Disagreement between clinician’s diagnosis and Monash cut-off 223 

classification was lower but in the same direction. Here, there was no lack of symmetry according to 224 

total GSRS-IBS (p=0.18). Disagreement between Salerno and Monash was skewed oppositely towards 225 

more patients classified with NCGS when applying the Monash cut-off than the Salerno cut-off. 226 

Significant lack of symmetry was found according to total GSRS-IBS (p=0.02). Disagreement 227 

according to overall symptoms by VAS was lower than for total GSRS-IBS in all comparisons, and 228 

there was no lack of symmetry (0.25≤ p≤1.0). 229 
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  230 

Table 4 Disagreement (SD) and symmetry (Sym) between clinician-, Salerno- and Monash classifications, for  GSRS-IBS and VAS 

   
Clinician-Salerno   

 
Clinician-Monash   

 
Salerno-Monash   

   
Disagreement (SD) 

  

Disagreement (SD) 
  

Disagreement (SD) 
 

   
NCGSClin/ Non-NCGSClin/ Sym 

 
NCGSClin/ Non-NCGSClin/ Sym 

 
NCGSSal/ Non-NCGSSal/ Sym 

   
non-NCGSSal NCGSSal p-valuea 

 
non-NCGSMon NCGSMon p-valuea 

 
non-NCGSMon NCGSMon p-valuea 

    N n n     n n     n n   

GSRS-IBS total 56 13 1 0.002 
 

7 2 0.18 
 

0 7 0.02 

 
Pain 55 b 15 2 0.002 

 
5 3 0.73 

 
0 11 0.001 

 
Bloating 

 
10 1 0.01 

 
7 2 0.18 

 
0 4 0.13 

 
Constipation 

 
32 2 <0.001 

 
23 3 <0.001 

 
0 10 0.002 

 
Diarrhea 

 
23 0 <0.001 

 
14 1 0.001 

 
0 10 0.002 

 
Satiety 

 
21 0 <0.001 

 
17 1 <0.001 

 
0 5 0.06 

VAS 42 b 
           

 
Overall symptoms 

 
7 2 0.18 

 
5 3 0.73 

 
0 3 0.25 

 
Abdominal pain 

 
4 1 0.38 

 
3 3 1.00 

 
0 3 0.25 

  Bloating   9 3 0.15   4 5 1.00   0 7 0.02 

GSRS-IBS=gastrointestinal symptom rating scale – IBS version,  VAS=visual analogue scale 0-100 mm, NCGS=Non coeliac gluten sensitivity 
a McNemar 
b Total n, missing GSRS domains n=1, VAS n=14 
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Table 5 shows specific agreement expressing agreement on NCGS as positive agreement (Ppos) and 231 

agreement on non-NCGS as negative agreement (Pneg). According to total GSRS-IBS there was higher 232 

positive than negative agreement in all comparisons. Lowest specific agreement was found between 233 

clinician’s diagnosis and Salerno classification (Ppos=83 %, Pneg=53 %) and highest between Salerno 234 

and Monash classification (Ppos=91 %, Pneg=80 %). 235 

 236 
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 237 

Table 5 Specific positive ( Ppos) and negative ( Pneg) agreement a between clinician-, Salerno- and Monash classifications, for GSRS-IBS and VAS 

   

Clinician-Salerno 

 

Clinician-Monash 

 

Salerno-Monash 

   
Ppos Pneg 

 
Ppos Pneg 

 
Ppos Pneg 

  N % %   % %   % % 

GSRS-IBS total 56 83e 53 
 

90 61 
 

91 80 

 
Pain 55 b 79 41 

 
91 56 

 
86 65 

 
Bloating 

 
87 56 

 
90 57 

 
95 87 

 
Constipation 

 
48 26 

 
65 28 

 
77 85 

 
Diarrhea 

 
68 41 

 
81 48 

 
83 81 

 
Satiety 

 
71 43 

 
77 44 

 
91 91 

VAS 42 b 
        

 
Overall symptoms 

 
87 47 

 
89 43 

 
95 84 

 
Abdominal pain 

 
93 67 

 
92 50 

 
96 80 

  Bloating   82 33   88 18   90 59 

GSRS-IBS=gastrointestinal symptom rating scale – IBS version, VAS=visual analogue scale 0-100 mm, NCGS=Non coeliac gluten sensitivity 

a Calculated according to the formulas provided in de Vet et al13 
b Total n, missing GSRS domains n=1, VAS n=14 

 238 
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Discussion 239 

Open bread challenges were performed in a clinical setting and resulted in 85 % classified by the 240 

clinician as having NCGS. These 47 patients had significantly higher increase in symptom score from 241 

baseline to challenge, and higher score during challenge than the non-NCGS patients. A lower number 242 

of patients would have been classified with NCGS if applying the recent Salerno and Monash cut-offs. 243 

Absolute agreement was lowest between clinician’s diagnosis and Salerno cut-off, and highest 244 

between Salerno and Monash cut-offs.  245 

Previous studies assessing NCGS 246 

NCGS is described as a diagnosis of elimination in individuals self-reporting symptom relief on GFD 247 

[2,4,15], but clinical trials with DBPC challenges are increasing [16,17]. Volta et al studied patients 248 

from 38 medical centers over one year and found 486 patients with suspected NCGS. The presumption 249 

of NCGS was based on the medical record, and effect of GFD was estimated by a retrospective self-250 

administered questionnaire [18]. The presumption of NCGS was strengthened in 80 % (391 patients) 251 

which is close to the 85 % of the present study. However, the authors point out that a standardized 252 

challenge had not been performed to confirm the condition. 253 

Zanini et al investigated 35 individuals and classified 31 % as NCGS based on the individual’s ability 254 

to identify the gluten containing flour in a DBPC challenge [17]. Here, individuals that did not score 255 

on symptoms during challenge, but correctly identified gluten, could falsely be classified as having 256 

NCGS. Symptom score should be the primary effect measure of a challenge. However, the false 257 

positives may also occur in the situation of the clinician’s evaluation without any predefined cut-off 258 

for symptom change, as in the present study. 259 

Raju et al who confirmed the diagnosis in 82 % of patients with suspected NCGS, after a 6 week open 260 

bread challenge in a clinical setting [19]. Apart from a longer challenge, this report has a setting and 261 

method comparable to the present study. 262 
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Finally, Elli at al was the first to follow the Salerno Experts’ criteria in their randomized clinical trial 263 

of DBPC gluten challenge where 14 % was classified as having NCGS [20]. A nocebo effect of the 264 

open challenge may explain why the present study still had higher proportion of NCGS classified by 265 

the Salerno cut-off, 63 %, as compared to Elli et al. The patient selections also differed in that Elli et al 266 

excluded all patients already following a gluten-free diet, whereas all patients in the present study had 267 

been gluten-free for an average of 16 months. 268 

Comparison with Salerno and Monash cut-offs 269 

Absolute agreement of PA=75 % between clinician’s diagnosis and Salerno cut-off indicated only fair 270 

agreement according to the Kappa of 0.40 (Table 3), but the probability of clinician’s diagnosis and 271 

Salerno cut-off to agree on NCGS based on total GSRS-IBS score was PPos=83 %, as expressed by the 272 

positive agreement (Table 5). However, the probability of the two to agree on non-NCGS was only 273 

Pneg=53 %. This is as result of the skewed distribution illustrated by the disagreement of 13 of 14 274 

patients classified as non-NCGS where clinician diagnosed NCGS (Table 4). The Monash cut-off was 275 

less strict than the Salerno cut-off. The absolute agreement was therefore higher between clinician’s 276 

diagnosis and Monash cut-off (PA=85 %), though only moderate according the Kappa of 0.51 (Table 277 

3). Here, the probability of agreement on NCGS was high, PPos=90 % (Table 5), and is explained by a 278 

symmetric and lower degree of disagreement (Table 4). Since Salerno and Monash cut-offs were 279 

similar scoring methods that differed only by 10 % or 10 mm in cut-off, the highest absolute 280 

agreement was seen here, PA=88 % (Table 3). Kappa value of 0.71 indicated substantial agreement. 281 

Both positive and negative agreement was high indicating a probability of agreement on NCGS of 282 

Ppos=91 % and on non-NCGS of Pneg=80 % (Table 5). However, given a lower cut-off of Monash, 283 

more patients were classified with NCGS by Monash than by Salerno cut-off, as shown by the lack of 284 

symmetry in the disagreement, again according to total GSRS-IBS score (Table 4). Consequently, of 285 

the three scoring methods, the Salerno cut-off generated the lowest proportion of NCGS. 286 

Patients in the present study were already on a gluten-free diet with perceived symptom relief. If the 287 

classification by Salerno cut-off is closest to the true prevalence, patients would be falsely classified 288 

with NCGS by clinician and Monash cut-off. The National Administration of Labour and Welfare in 289 



26 

 

Norway requires a confirmation of the diagnosis each third year. There is no requirement of a repeated 290 

challenge, but there would certainly be necessary to re-evaluate the condition in patients of the present 291 

study, preferably with a blinded placebo controlled procedure.  292 

Appraisal of methods 293 

The strength of the study was that NCGS investigation was confirmed by a standardised open bread 294 

challenge, not only based on elimination criteria. The high correlation between symptom scoring by 295 

GSRS-IBS and VAS indicated internal consistency and reliable reporting by the patients. . 296 

DBPCFC is stated as the gold standard to investigate adverse reactions to food. However, the method 297 

is poorly standardized [21], resource demanding and therefore suited for controlled research rather 298 

than clinical settings, where it has several pitfalls  [22]. In contrast to DBPCFC, the open white bread 299 

challenge mimics real life and is more likely to reproduce the reported reactions, where the double 300 

blinded procedure risk to generate false negatives. Open food challenges are still accepted in clinical 301 

settings [7,23] and are the first step diagnostic tool in exploring adverse reactions to food when 302 

patients are self-instituted on an elimination diet, and may be followed by blinded challenge where 303 

there is a need for confirmation [24]. 304 

The non-NCGS patients reported significantly higher symptoms at baseline than the NCGS patients, 305 

indicating lack of symptom control on gluten-free diet, and therefore correctly classified with negative 306 

outcome. However, both groups had increased symptoms during challenge. We expect the nocebo 307 

effect to be present in both groups, still the non-NCGS patients showed less increase in symptoms than 308 

the NCGS patients. The higher baseline symptom score in the non-NCGS patients could possibly be 309 

explained by dietary fermentable carbohydrates (FODMAPs) as was the case in the study of 310 

Biesiekierski et al. [9]. In that case, a low FODMAP diet would have been a better suited dietary 311 

treatment [25]. 312 

The open challenge is also a weakness of the study a as the method is known to overestimate positive 313 

outcomes caused by the nocebo effect [26]. Further, wheat contains fermentable carbohydrates like 314 

fructans, known to reduce symptoms in individuals with IBS if removed from the diet [25]. The 315 
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content of fructans in white bread must be taken into account since they coexist with gluten. The 316 

present study cannot distinguish between reactions caused by gluten or fructans.  Last, the clinician’s 317 

evaluation lacked standardization, especially in terms of definition of symptom change. This may have 318 

resulted in overestimation of positive outcomes when compared to the Salerno and Monash cut-offs. 319 

Lack of diagnostic criteria and defined cut-offs will easily lead to overestimation because the clinician 320 

is dependent on the subjective reports of the patients. The Salerno Expert’s Criteria are therefore 321 

welcome as a common diagnostic method for this condition.   322 

The comparison of the clinician’s diagnosis with the Salerno and Monash cut-offs is the first attempt 323 

to compare definitions of symptom change in diagnostics of NCGS. However, none of the scoring 324 

methods represent the gold standard. Their ability to reflect the truth is uncertain and the  Salerno 325 

experts state that the ≥30 % increment needs validation [8]. The Monash 20 mm cut-off is of unknown 326 

origin, but to compare, 20 mm has been defined as “little more” and 40 mm as “much more”  of a 327 

symptom [27], and 22 mm as minimal clinical significant change for measuring nausea in adults [28]. 328 

The Monash cut-off was included in the comparison given that it was used in a DBPC gluten 329 

challenge in self-reported gluten sensitive individuals, which was a setting similar to what was 330 

suggested by the Salerno Experts’ Criteria. In addition to GSRS the Salerno criteria include a ten point 331 

numeric rating scale for the recording of symptoms, which is not very different from a 100 mm VAS. 332 

The Monash cut-off therefore strengthened the comparison. 333 

Higher agreement and lower disagreement was observed for the VAS variables in all comparisons, 334 

which may indicate that VAS is a more universal tool for measuring symptoms in NCGS than the 335 

GSRS-IBS questionnaire. 336 

Specific agreement (Ppos, Pneg) was chosen because it is suggested as the most appropriate measure for 337 

inter-observer variation for clinicians [14]. When the question concerns the reliability of a test, the 338 

ability to distinguish between NCGS and non-NCGS reliability measures as Cohen’s Kappa are 339 

preferred. Here, the interest was also the observer agreement, such as knowing if the clinician’s NCGS 340 

diagnosis would be in agreement with the NCGS diagnosis classified by the Salerno and Monash cut-341 
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off’s, in other words the precision. The clinician’s interest in this observer variation calls for an 342 

absolute measure of agreement. The result of a skewed distribution such as in the present study is a 343 

low relative measure (low Kappa).  However, when clinicians ask whether patients with NCGS can be 344 

distinguished from non-NCGS, they have the individual patient in mind and are not considering the 345 

distribution. They would want to know the probability of agreement, the so-called specific agreement. 346 

The finding of absolute agreement between clinician’s diagnosis and the Salerno cut-off of 75 % and 347 

value for Kappa 0.40 indicated low or moderate agreement [13]. Though, the precision was higher, 348 

given by a positive agreement of 83 %. However, regardless of good precision, both classifications 349 

may have low accuracy, since Salerno cut-off’s ability to actually diagnose NCGS is uncertain. There 350 

is a chance that they all have missed the bull’s eye. 351 

Conclusion 352 

This open bread challenge resulted in 85 % diagnosed as NCGS. The prevalence was lower according 353 

to the Salerno and Monash cut-offs classifications. Best agreement was found between the Salerno and 354 

Monash cut-offs, and lowest between clinician’s diagnosis and Salerno cut-off. There is a probability 355 

of overestimation in the clinician’s diagnosis of methodological reasons. However, it is not possible to 356 

tell which scoring method that is closest to the truth, as there is no real gold standard to compare with. 357 

Scientists and clinicians should use a standardized diagnostic method for diagnosing NCGS and a 358 

common definition of symptom change. Independently of the present results, a good starting point is 359 

to use the Salerno cut-off. Future studies need to test thethe performance of the Salerno Expert’s 360 

Criteria.  361 

  362 
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