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Purpose: Markers for gut integrity and inflammation have received increasing interest as 
intestinal permeability and innate immune system activation are suggested as possible 
pathophysiological mechanisms in non-celiac gluten sensitivity (NCGS). We aimed to assess 
relevant biomarkers in NCGS by analyzing serum levels of gut integrity and permeability 
markers, pro-inflammatory cytokines and antigliadin IgG in patients with suspected NCGS 
on a gluten-free diet (GFD), and compare them to serum levels in patients with irritable 
bowel syndrome (IBS) and healthy controls (HC).
Patients and Methods: Serum samples collected from patients with suspected NCGS on 
a GFD (n=20, 14 women, 21–62 years), IBS (n=20, 16 women, 24–67 years) and HC (n=20, 
14 women, 21–54 years) were analyzed. IBS severity scoring system (IBS-SSS) was applied 
to evaluate gastrointestinal symptoms.
Results: The IBS-SSS score was higher in subjects with suspected NCGS and IBS patients 
compared to HC (p<0.0001). No significant differences were found in the serum levels of 
any of the gut integrity and permeability markers, cytokines or antigliadin IgG antibodies 
between the three groups. However, positive correlations were observed between claudin-1 
and i-FABP, and between claudin-1 and antigliadin IgG antibodies.
Conclusion: No differences in serum levels of gut integrity and permeability markers, pro- 
inflammatory cytokines or antigliadin IgG antibodies were found among patients with 
suspected NCGS on a GFD, IBS and HC.
Keywords: irritable bowel syndrome, gluten, permeability, pro-inflammatory cytokines

Introduction
Non-celiac gluten sensitivity (NCGS) has been defined as

a syndrome characterized by intestinal and extra-intestinal symptoms related to the 
ingestion of gluten-containing food, in subjects that are not affected by either celiac 
disease (CD) or wheat allergy. (WA)1 

Individuals with NCGS show no signs of prominent enteropathy like patients 
suffering from CD, and serological markers of CD and WA are normal in the 
affected persons.1

Gluten has been shown to cause gastrointestinal (GI) symptoms, such as bloat-
ing, unsatisfactory stool consistency, abdominal pain and fatigue in sensitive 
persons.2 Extraintestinal symptoms like tiredness, “foggy mind”, depression, anxi-
ety, headache, joint- and muscle pain, numbness of extremities, dermatitis or skin 
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rash and anemia have also been reported in persons with 
suspected NCGS.3 However, in recent years, it has been 
debated whether gluten is the sole cause of the symptoms 
experienced by patients with NCGS. The fructans in 
wheat, a carbohydrate classified under the definition of 
fermentable oligo-, di-, monosaccharides, and polyols, 
commonly known as FODMAPs, as well as amylase- 
trypsin inhibitors and wheat germ agglutinins, have also 
been pointed out as possible factors contributing to the 
generation of symptoms in NCGS.4–6

FODMAPs are fermented by bacteria in the colon, 
thereby causing different GI symptoms overlapping with 
the symptoms seen in NCGS.7 An Italian survey on 
patients with suspected NCGS showed that approxi-
mately half of the patients fulfilled the Roma ІІІ criteria 
for IBS.3 Skodje et al showed that fructans, which are 
known triggers of GI symptoms in IBS patients,8,9 were 
the cause of symptoms in patients with self-reported 
NCGS and not gluten as first expected.10 Similarly, 
Biesiekierski et al reported that NCGS patients achieved 
symptom reduction after being put on a low FODMAP- 
diet, while they showed no specific responses to gluten 
provocation.5 As a result of these findings, it is still 
uncertain whether NCGS is a separate diagnosis or if it 
is a subgroup of irritable bowel syndrome (IBS) with 
a fructan-specific reaction.5,10–12

Given the condition’s uncertain etiology, the diagnosis 
is largely based on excluding other differential diagnoses, 
such as CD and WA. The lack of known biomarkers makes 
the diagnostic approach of NCGS vague. A broad range of 
biomarkers have been investigated, aiming to identify 
a marker that can be used for the diagnosis of NCGS. As 
impaired gut integrity and immune activation have been 
suggested as contributing pathophysiological factors in 
NCGS,13–18 pro-inflammatory cytokines and markers 
related to gut integrity and permeability are of particular 
interest. Some of the markers of permeability highlighted 
in recent years include zonulin family peptides (ZFP), 
a family of peptides that have been shown to increase 
intestinal permeability,19–21 lipopolysaccharide-binding 
protein (LBP), an acute-phase protein that binds lipopoly-
saccharide on microbes leading to an enhanced immune 
response,22 and intestinal fatty acid-binding protein 
(i-FABP), a cytosolic protein of epithelial cells in the 
intestine, which is released into the circulation upon enter-
ocyte damage.23 In addition, occludin and claudin-1 are 
proteins found in tight junction complexes all over the 

body (including the intestinal barrier) and are found to 
be downregulated in CD and IBS-D.24,25

We aimed to assess whether LBP, i-FABP, ZFP, occlu-
din, claudin-1, antigliadin IgG antibodies and/or pro- 
inflammatory cytokines could be relevant biomarkers in 
NCGS, by comparing serum levels of these markers in 
a group of patients with suspected NCGS on a gluten-free 
diet to a group of IBS patients as well as healthy con-
trols (HC).

Patients and Methods
Study Design
The study is a descriptive population study comparing 
baseline samples from three different population groups. 
The baseline samples of patients with suspected NCGS on 
a gluten-free diet (GFD) (n=20) and IBS patients (n=20) 
were collected during two previous trials by Dale et al,11,26 

while the HC (n=20) were recruited during the present 
study. In addition to comparing the serum levels of the 
mentioned markers between suspected NCGS patients, 
IBS patients and HC, we also compared the level of 
markers between the four patients who received an 
NCGS diagnosis and the 16 patients with suspected 
NCGS without a formal diagnosis. Criteria for inclusion 
in different groups are listed in Table 1, and the inclusion 
process is shown in Figure 1. The study was conducted 
according to the guidelines laid down in the Declaration of 
Helsinki and the Regional Committees for Medical and 
Health Research Ethics of West Norway (2019/761) 
approved all procedures involving human. All subjects 
gave written informed consent.

Patients with Suspected NCGS
Serum samples from patients with suspected NCGS on 
a GFD included in this study were collected in 2017 in 
a study by Dale et al.11 The study was a randomized, 
double-blinded placebo-controlled gluten challenge. After 
the challenge, four of the 20 patients received a formal 
NCGS diagnosis as they were able to identify when they 
received gluten and when they received a placebo in the 
four test periods.11 The remaining 16 study participants 
received no formal NCGS diagnosis after the gluten pro-
vocation and were therefore suggested to react to other 
food components, rather than gluten, such as the 
FODMAP fructans. The baseline serum samples, collected 
for each of the included patients in 2017, were stored at 
−80°C until further analysis.11 Baseline samples were 
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taken when the subjects had been on a GFD for at least six 
weeks, hence do not represent the active state of disease.

Patients with Irritable Bowel Syndrome
The serum samples from IBS patients were collected dur-
ing a randomized, double-blinded parallel-group trial by 
Dale et al in 2019.26 A written consent form was sent to 
the study participants prior to the present study, and 20 of 
the 28 IBS patients who participated in the previous trial 
gave written consent to the further use of their baseline 
serum samples in the current project. All the serum sam-
ples collected during the previous trial were stored at 
−80°C. None of the IBS patients followed a strict low- 
FODMAP diet.

Healthy Controls
Twenty HC, matched to a group of patients with suspected 
NCGS, were recruited for the study. Inclusion criteria were 
signed informed consent, age between 18 and 65 years, no 
chronic diseases, no known inflammatory bowel disease 
(IBD) or IBS. Exclusion criteria were known GI diseases/ 
conditions (IBS, CD, IBD), other chronic diseases that 
affect inflammatory markers in the GI tract, the use of 
immunosuppressive medications, the use of antibiotics in 
the last three months, pregnant and/or breastfeeding 
women. The study participants were requested to maintain 
a normal diet (no gluten-free diet or low FODMAP-diet) 
and avoid the use of probiotics for a month preceding the 
blood sampling.

After giving their written consent, the controls under-
went screening for IBS by using the IBS severity scoring 
system (IBS-SSS).27 A score between 75 and 175 indicates 

mild symptoms of IBS, while a score between 175 to 300 
and >300 indicates moderate and severe IBS-symptoms, 
respectively.27 Thus, only individuals with a score lower 
than 75, which suggests no IBS is present, were included. 
Both height and weight were measured at the meeting to 
calculate body mass index (BMI), and three serum tubes of 
blood were collected.

Blood Sampling and Analyses
Blood samples for serum preparation were drawn from 
a peripheral vein in separator clot activator tubes. The 
samples were placed at room temperature for 30–60 min-
utes before centrifugation and centrifuged at 2000 × g for 
ten minutes. The serum was stored at −80°C until the 
analyses. All samples from the three population groups 
were handled similarly and analyzed simultaneously.

LBP, i-FABP, ZFP, occludin, claudin-1, and antigliadin 
IgG antibodies were analyzed by ELISA methods, while 
pro-inflammatory cytokines (IL-1β, 2, 4, 5, 6, 8, 10, tumor 
necrosis factor alfa (TNF-α), interferon-gamma (INF-γ), 
and granulocyte-macrophage colony-stimulating factor 
(GM-CSF)) were analyzed with a magnetic 10-plex panel 
(Table 2). All the analyses were conducted according to 
the manufacturer’s protocols.

Statistical Analyses
The statistical analysis was conducted in GraphPad Prism 8.0 
(GraphPad Software, Inc., San Diego, CA, USA). Differences 
in serum markers between the groups were evaluated using 
one-way ANOVA or Kruskal Wallis tests (for normally and 
non-normally distributed data, respectively). Further, unpaired 
t-test or Mann–Whitney test (for normally and non-normally 

Table 1 Background Characteristics and Criteria of Inclusion of Different Groups Included in the Study

Criteria for Inclusion Female/ 
Male

Gluten Free 
Diet?

Reference

Suspected NCGS (n=20) Excluded CD according to serology and duodenal biopsy within the 

last year before inclusion Excluded WA according to IgE serology

14/6 Yes, for at least 6 

weeks before 

inclusion

[11]

Confirmed* NCGS (n=4) NCGS diagnosis confirmed after 4 rounds of double-blinded 

provocation (4 days) with 11/0 g gluten (3 days wash out) if patients 
identified the 2 gluten exposures

2/2

IBS (n=20) IBS confirmed by ROME IV 16/4 No [26]

HC (n=20) IBS excluded by ROME IV 14/6 No

Note: *Confirmed NCGS after gluten provocation = 4 out out of 20 subject in the “suspected NCGS” group. 
Abbreviation: HC, healthy controls.
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distributed data, respectively) were used for the comparison 
between the four patients diagnosed with NCGS in the pre-
vious study by Dale et al11 and the 16 undiagnosed patients 

with suspected NCGS. A Spearman correlation analysis was 
performed between the individual serum markers. P-value 
<0.05 was considered statistically significant.

Figure 1 Flow chart showing included study participants.

Table 2 List of the Various Analysis Kits Used in the Study

Biomarker Analysis Kit Reference 
Number

Manufacturer

i-FABP Human IFABP/FABP2 (Intestinal Fatty Acid Binding 

Protein) ELISA Kit

EKX-10FB8H- 

96

Nordic BioSite AB (Propellervägen 4A, 18362 Täby, 

Sweden)

Cytokines Cytokine Ultrasensitive Magnetic 10-plex Panel LHC6004M Thermo Fisher Scientific, Campus Vienna Biocenter 2, 

1030 Vienna, Austria

Occludin Human Occludin ELISA kit EKH3348 Nordic BioSite AB (Propellervägen 4A, 18362 Täby, 

Sweden)

Claudin-1 Human Claudin 1 ELISA kit EKH5670 Nordic BioSite AB (Propellervägen 4A, 18362 Täby, 

Sweden)

ZFP IDK Zonulin ELISA K5601 Immunodiagnostik AG, Studenwald-Allee 8a, 64625 

Bensheim, Germany

Antigliadin 

IgG

Gliadin IgG ELISA RE75711 IBL International GMBH, Flughafenstrasse 52a, D-22335 

Hamburg, Germany

LBP Human LBP (lipopolysaccharide-binding protein) 

ELISA kit

EKH3120 Nordic BioSite AB (Propellervägen 4A, 18362 Täby, 

Sweden)

Abbreviations: I-FABP, intestinal fatty-acid binding protein; LBP, lipopolysaccharide-binding protein; ZFP, zonulin family peptides.
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Results
Participant Characteristics
Both individuals with suspected NCGS and the HC group had 
a median value of 32.0 years, while the IBS group had 
a median value of 40.0 years. There were no statistically 
significant differences in BMI between the three groups. The 
total IBS-SSS score was significantly higher among the indi-
viduals with suspected NCGS and the IBS patients compared 
to the HC group. The median total IBS-SSS score in the IBS 
group was 290.0, and 149.0 among persons with suspected 
NCGS, but the difference was not significant. 14 of the 20 
participants in both the suspected-NCGS group and HC group 
were female, while in the IBS group 16 out of 20 were female. 
The baseline characteristic data is presented in Table 3.

Gut Integrity and Permeability Markers
There were no statistically significant differences between the 
three groups for any of the gut integrity and permeability 
markers. The median serum level of ZFP was somewhat 
lower in the control group compared to the suspected NCGS 
group and IBS group (39.8 ng mL−1, 42.83 ng mL−1, and 42.5 
ng mL−1, respectively). The median values of occludin, clau-
din-1, i-FABP and LBP, however, were all slightly higher in 
the HC group compared to the suspected NCGS group and 
IBS group (occludin: 4.56 ng mL−1, 4.24 ng mL−1, 4.26 
ng mL−1; claudin-1: 0.39 ng mL−1, 0.16 ng mL−1, 0.18 
ng mL−1; i-FABP: 0.8 ng mL−1, 0.77 ng mL−1, 0.65 
ng mL−1; LBP: 5063 ng mL−1, 4994 ng mL−1, 4963 
ng mL−1). Data for the different markers are shown in 
Figure 2.

Pro-Inflammatory Cytokines
Of the ten cytokines analyzed, we were only able to detect 
values for IL-8 with the magnetic 10-plex panel. Therefore, 
no data are reported for the other cytokines (IL-1β, 2, 4, 5, 6, 
10, TNF-α, INF-γ, and GM-CSF). Median serum values of 
IL-8 were highest among the IBS patients (10.7 pg mL−1). 
Patients with suspected NCGS showed an intermediate med-
ian level of the cytokine (7.1 pg mL−1), while the controls 
had the lowest median level (6.1 pg mL−1). The difference in 
serum levels between the three groups was not statistically 
significant (p=0.39). The serum values of IL-8 in the three 
groups are illustrated in Figure 3.

Serum Antigliadin IgG Antibodies Levels
The median serum level of antigliadin IgG antibodies was 
highest among the HC group (3.0 U mL−1). Patients with 
suspected NCGS showed an intermediary median-level 
(2.66 U mL−1), while the IBS group had the lowest median 
level (1.3 U mL−1). Most of the serum values were lower 
than the reference range of the ELISA kit (Negative cut- 
off <11.2 U mL−1). No statistically significant difference 
was observed (p=0.11). The serum levels of antigliadin 
IgG antibodies are illustrated in Figure 4.

NCGS Patients
We investigated whether any differences could be 
observed between those individuals formerly diagnosed 
with NCGS and those not diagnosed with NCGS (non- 
NCGS) after the gluten provocation previously performed 
by Dale et al.11 Thus, we separated the suspected NCGS 
group of patients into those diagnosed with NCGS (n=4) 

Table 3 Characteristics of the Three Different Groups (NCGS Patients, IBS Patients, and Healthy Controls) Included in the Study

HC (n=20) Suspected NCGS (n=20) IBS (n=20)

Median (Min-Max) Median (Min-Max) Median (Min-Max) P-value Adjusted P-value

Age* 32.0 (21.0–54.0) 32.0 (21.0–62.0) 40.0 (24.0–67.0) 0.2350 1.>0.9999 
2. 0.3476 

3. 0.5307

BMI* 23.99 (18.14–28.9) 24.40 (19.5–40.8) 25.55 (19.0–31.5) 0.2954 1.>0.9999 

2. 0.3646 

3.>0.9999

IBS-SSS sum 

score*

10.0 (0.0–51.0) 149.0 (20.0–340.0) 290.0 (115.5–390.0) <0.0001 1.<0.0001 

2.<0.0001 
3. 0.1191

Notes: *P-values from Kruskal–Wallis test. 1. Control vs NCGS. 2. Control vs IBS. 3. NCGS vs IBS. 
Abbreviations: NCGS, non-celiac gluten sensitivity; IBS, irritable bowel syndrome; IBS-SSS, irritable bowel syndrome severity scoring system; BMI, body mass index.
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Figure 2 Serum levels of occludin, claudin-1, LBP, zonulin and i-FABP in the HC group (n=20), NCGS group (n=20) and IBS group (n=20). Horizontal lines show median 
values.
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and those without an NCGS diagnosis (n=16) based on the 
published results.11 When comparing the results, the 
NCGS diagnosed patients showed slightly higher median 
values of claudin-1 and LBP compared to the patients 
without a diagnosis (1.06 ng mL−1 vs 0.14 ng mL−1 and 
5609 ng mL−1 vs 4994 ng mL−1, respectively). The 
patients without a diagnosis showed higher serum levels 
of ZFP and IL-8 than the NCGS diagnosed patients (44.93 
ng mL−1 vs 35.4 ng mL−1 and 7.64 pg mL−1 vs 5.51 
pg mL−1, respectively). The median levels of occludin, 
i-FABP, and antigliadin IgG in the diagnosed and non- 
diagnosed groups were 4.44 ng mL−1 vs 4.16 ng mL−1, 
0.79 ng mL−1 vs 0.72 ng mL−1, and 3.33 U mL−1 vs 2.50 
U mL−1, respectively. None of the differences was statis-
tically significant. The serum levels of antigliadin IgG 
antibodies and IL-8, and gut integrity markers in the 
group with and without NCGS diagnosis are illustrated 
in Figures 5 and 6, respectively.

We also compared the serum levels of those without 
a formal NCGS diagnosis and those diagnosed with NCGS 
to the serum levels measured in the healthy controls and 
IBS patients. The diagnosed NCGS patients had slightly 
higher levels of antigliadin IgG, claudin-1 and LBP com-
pared to the other groups, while the non-diagnosed group 
had the highest serum level of ZFP. When comparing the 
serum markers from the diagnosed and non-diagnosed 
NCGS group to those of IBS patients and HC, no signifi-
cant differences between the groups were observed for any 
of the investigated markers.

Correlation Analysis
There were highly significant positive correlations 
between antigliadin IgG antibodies and claudin-1 
(r=0.554, p=4.39*10−6), and between claudin-1 and 
i-FABP (r=0.687, p=1.38*10−9). A positive association 
between i-FABP and antigliadin IgG antibodies (r=0.347, 
p=0.007) was also observed. Furthermore, negative corre-
lations were observed between occludin and LBP (r= 
−0.323, p=0.012) and claudin-1 and ZFP (r= −0.317, 
p=0.013). The correlation analysis is shown in Figure 7.

Discussion
The main objective of this study was to investigate serum 
levels of gut integrity- and permeability markers and pro- 
inflammatory cytokines, in patients with suspected NCGS, 
IBS and HC, aiming to identify possible biomarkers for 
the diagnosis of NCGS. We did not detect any major 
differences in serum levels of the various markers between 

the groups, hence observed no clear findings suggesting 
a possible biomarker for NCGS.

Previous publications have reported conflicting results 
regarding detected gut integrity- and inflammatory mar-
kers in NCGS patients and IBS patients compared to 
healthy controls.13–18 Some of these studies have indicated 
that such markers may potentially serve as biomarkers for 
the diagnosis of NCGS. However, there is large hetero-
geneity in the studies performed, and for some of the 
markers investigated in this study, there is a lack of infor-
mation when it comes to plasma or serum levels. We did 
not observe the same elevated serum levels of antigliadin 
IgG, LBP, i-FABP in patients with suspected NCGS as 
Uhde et al,15 nor elevated serum levels of ZFP as Barbaro 
et al recently reported.28

Several factors can explain these discrepancies. 
Patients in the trials of both Uhde et al and Barbaro 
et al had been eating a gluten-containing diet prior to 
the inclusion.15,28 The suspected NCGS patients included 
in our trial had been on a gluten-free diet for at least six 
weeks before the blood sampling and DBPCFC in 2017. 
This might contribute to the low serum levels for the 
different markers in the suspected NCGS group included 
in our trial. Uhde et al and Barbaro et al also investi-
gated serum levels of LBP, i-FABP, and ZFP, antigliadin 
IgG antibodies, respectively, in a subset of patients after 
excluding wheat, barley, and rye for six months.15,28 

These serum levels correspond to a greater extent with 
the included patients with suspected NCGS in our study. 
Accordingly, different serum levels of the investigated 
markers might have been detected if our NCGS group 
had been on a gluten-containing diet before the blood 
sampling.

Several studies have investigated the expression of 
occludin and claudin-1 in the intestinal tissue of patients 
with GI disorders,16,18,25,29 but the existing knowledge 
about serum or plasma levels of these markers in GI 
patients is scarce. Hence, our results add new knowledge 
to this field of research. The positive correlations between 
claudin-1 and the more well-characterized markers i-FABP 
and antigliadin IgG are highly interesting when searching 
for novel serological markers of CD and to understand the 
mechanisms of impaired gut integrity.

Some previous publications have reported increased 
levels of pro-inflammatory cytokines in intestinal tissue 
and immune cells in patients with NCGS.14,29 We did not 
detect an increased level of such markers in serum samples 
from NCGS patients compared to IBS patients. The only 
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marker we were able to detect was IL-8, and the serum 
values of the IBS patients and NCGS patients largely 
coincided with the serum values from the healthy controls. 
A study from 2013 investigating serum levels of a broad 
range of cytokines in three age groups of healthy subjects 
reported median serum level of IL-8 around 30.9 pg mL−1, 
32.6 pg mL−1, and 29.3 pg mL−1 in children aged 1–6 
years, 7–17 years and grown-ups 18+, respectively.30 The 

median levels of IL-8 observed in our study were all lower 
than these values. This emphasizes that the serum levels of 
IL-8 detected in the control-, NCGS- and IBS group are 
not different from the values found in people with normal 
GI function. Of note, it has to be highlighted that differ-
ences in the analysis method between studies make the 
values challenging to compare, as this might affect the 
results.

Due to the observed effects of the DBPCFC conducted 
on this patient group by Dale et al,11 we chose to split the 
patients with suspected NCGS to compare those who were 
formally diagnosed with NCGS (n=4) to the non- 
diagnosed NCGS patients (n=16). This sub-analysis is 
based on groups with too few subjects to achieve results 
with any statistical power. However, the analysis was 
included as we aimed to investigate any possible, differing 
trends in the level of markers between those who received 
and those who did not receive an NCGS diagnosis.

Dale et al reported that patients with suspected NCGS 
experienced an increase in severity of symptoms that did not 
coincide with when they received gluten during the 
DBPCFC.11 Overall, the NCGS group in total had an increase 
in IBS-SSS score from baseline to after placebo (baseline: 
170.0 ± 104.1, after placebo: 219.6 ± 102.6, P = 0.023), 
whereas the after-gluten scores (186.7± 110.3) were compar-
able to the baseline scores, indicating a response to other 
things than gluten in particular. The four patients who received 
the diagnosis after the DBPCFC had generally higher IBS- 
SSS symptom scores both at baseline (233.8 ± 58.2) and after 
placebo- (258.1 ± 102.9) and gluten-provocation (259.4 ± 
62.6) than the group who did not receive the diagnosis (base-
line: 154.6 ± 108.2, after gluten: 158.8 ± 109.3, after placebo: 
203.4 ± 98.8) but the group is too small to draw any 
conclusions.11

Thus, the authors concluded that food components 
other than gluten could be responsible for the high base-
line symptom scores among the patients.11 This questions 
whether the diagnosis the four patients received is correct, 
or whether it is a coincidence that they were able to 
correctly identify when they received gluten.

Overall, our results suggest that the symptoms experi-
enced by the patients with suspected NCGS and IBS 
patients cannot be related to the serum values of the 
markers analyzed in the present study. We will also draw 
the attention that the NCGS patients had been on a gluten- 
free diet for a minimum of six weeks before the baseline 
blood sampling, and so their high median symptom score 
was not related to gluten consumption.

Figure 3 Serum levels of IL-8 in the HC group (n=20), NCGS group (n=20) and IBS 
group (n=20). Horizontal lines show median values.

Figure 4 Antigliadin IgG. Serum levels in the HC group (n=20), the NCGS group 
(n=20) and the IBS group (n=20). Horizontal lines show median values.
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In hindsight, given the findings in other studies and our 
results, we should have included another NCGS group where 
the participants were on a normal diet without restricting 
wheat, barley and rye. We would then have been able to 
examine whether the serum levels of the various markers 
are affected by a gluten-containing diet by comparing it with 
the serum levels of the already included patients with sus-
pected NCGS who were on a gluten-free diet. This is argu-
ably a weakness of the current study. However, as it is not 
known if the investigated markers are effected by gluten 
intake, we believe our results are of relevance despite this 
methodological weakness. In addition, it has to be high-
lighted that the samples from the three groups compared in 
the current study were collected at different time points. The 
difference in storage time was up to 3 years of storage 
between the NCGS group and the control group. Different 
storage time of the samples can have affected the analysis 
results, all though all samples were stored at −80 degrees.

The theories about abnormal gut permeability in NCGS 
are largely based on studies of cell cultures and intestinal tissue 
samples.18,31 Thus, it is not certain that the analysis of serum 
levels is a suitable method for the detection of the investigated 
gut integrity markers.32 However, searching for potential cir-
culating biomarkers is of importance as an alternative to more 
invasive sampling methods for proper diagnosis.

More precise guidelines on the existing diagnostic 
methods could make it easier to compare various 

DBPCFC studies. The meta-analysis by Molina-Infante 
et al revealed a large heterogeneity in how the 
DBPCFCs were organized in previously conducted 
trials, and also many discrepancies when it came to 
following the Salerno Experts recommendations.33 

Thus, future studies should strive to follow the recom-
mendations from the Expert committee to achieve more 
comparable results.

Additionally, it is still not clear whether NCGS is 
a separate diagnosis or if it is a subgroup of IBS. More 
information on possible biomarkers could contribute both 
to a greater understanding of the pathophysiological 
mechanisms behind the condition and, hopefully, provide 
more accurate diagnostic methods that can shed more light 
on the assumed relationship between the two conditions. 
Thus, future studies should investigate the possible bio-
markers of NCGS in larger patient groups.

In conclusion, we did not find any differences in 
serum levels of gut integrity and permeability markers, 
including pro-inflammatory cytokines among patients 
with NCGS, IBS, and healthy controls. Neither, no 
differences were observed between the serum levels of 
antigliadin IgG in the three groups. Further, studies with 
larger patient groups are required to evaluate whether 
the investigated markers can be used as a tool to sepa-
rate diagnosed NCGS from self-reported NCGS or IBS 
to achieve a correct diagnosis.

Figure 5 Serum levels of IL-8 and antigliadin IgG in NCGS- and non-NCGS patients. Horizontal lines show median values. Each NCGS diagnosed patient is represented by 
an individual colour.
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Figure 6 Serum levels of markers of gut integrity in NCGS- and non-NCGS patients. Horizontal lines show median values. Each NCGS diagnosed patient is represented by an 
individual colour.
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