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Abstract

Background: Serum IgG and IgA food antibodies have been used for dietary advice to subjects with gastrointestinal
symptoms and perceived food intolerance, but the role of these antibodies in mediating intolerance is controversial.
The present study investigated associations between perceived gastrointestinal intolerance to milk-or wheat and the
corresponding s-IgG and s-IgA food antibodies in subjects with morbid obesity.

Methods: Subjects with morbid obesity (BMI = 40 kg/m? or 235 kg/m? with obesity-related complications) were
included. Irritable Bowel Syndrome (IBS) was diagnosed based on the Rome Il criteria. Severity of specific gastrointestinal
symptoms were measured with the Gastrointestinal Symptom Rating Scale (GSRS)-IBS. S-IgG against cow’s milk, cheese,
wheat and gluten, and s-IgA against casein and gliadin were measured.

Results: Ninety-seven subjects (80 females) with mean age 45 (SD 84) years were included, 70 had gastrointestinal
complaints, 25 had IBS, and 22 and 20 reported milk- and wheat- intolerance respectively. There were no significant
differences in serum concentrations or proportions of subjects above defined cut-off values for the antibodies between
subjects with and without gastrointestinal complaints. In the group with gastrointestinal complaints, no significant
differences were found between subjects with and without perceived food intolerance. Except for a significant correlation
between IgG against cheese and GSRS-diarrhea (Rho: -0.25, P = 0.04), no significant correlations were found between the
antibodies and type or degree of gastrointestinal symptoms, including IBS.

Conclusions: The study showed no associations between perceived milk or wheat intolerance and the
corresponding s-lgG and s-IgA food antibodies in subjects with morbid obesity.
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Background

Food-induced gastrointestinal (GI) symptoms are fre-
quently reported in the population and associated with
functional gastrointestinal disorders, in particular irritable
bowel syndrome (IBS) [1]. Milk and dairy products, as
well as wheat and/or gluten containing foods are among
the foods often considered as triggers [2, 3]. Controversy
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still remains regarding the role of IgG food antibodies in
mediating food intolerance. The measurement of serum
concentrations of these antibodies has been and is still
used by some laboratories as a guidance for dietary inter-
ventions [4]. Expert societies and guidelines on food
allergy state that the evidence for the use of these tests is
lacking; it has been proposed that the presence of IgG
food antibodies merely reflects exposure to the corre-
sponding foods and indicates immunological tolerance
[4-7]. This view has been challenged by showing that
IgG-guided elimination diets improved symptoms in
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different patient groups, including subjects with IBS and
IBS with migraine [8—11]. However, there is a lack of
studies investigating associations between perceived in-
tolerance against particular foods and the corresponding
s-IgG or s-IgA food antibodies in adults with GI symp-
toms. The present study addressed this issue in subjects
with morbid obesity, a patient group with reportedly high
prevalence of gastrointestinal symptoms, including IBS
[12—14]. Interestingly, IBS and obesity also have several
pathophysiological features in common, including
increased gut permeability [15, 16], which could poten-
tially result in increased translocation of food antibodies.

Aim of the present study was to explore the association
between perceived intolerance to milk/dairy products and
wheat and the serum concentrations (including cut-off
values) of IgG and IgA against the corresponding food
antigens in subjects with morbid obesity reporting GI
complaints. Secondary aims were to investigate
associations between 1) perceived intolerance to the
foods in question; and 2) the IgGs and IgAs directed
against these foods, with the following parameters; dietary
intake of the offending foods, IBS, severity of specific GI
symptoms and gut permeability.

Methods

Patients and study design

This cross-sectional study was performed at the unit for
morbid obesity at Innlandet Hospital Trust, Gjevik,
Norway. Consecutive subjects referred for morbid obesity
(BMI = 40 kg/m* or BMI > 35 kg/m?* with obesity related
complications (e.g. diabetes, hypertension, sleep apnoea,
musculoskeletal problems) were included in a comprehen-
sive study from December 2012 to September 2014. The
patients were evaluated for bariatric surgery or non-
surgical treatment of obesity, but had not started the
weight reducing intervention at the time of study inclu-
sion. A medical history was taken, a physical examination
was performed, and a blood sample was collected for
further analyses. The patients filled in paper-based ques-
tionnaires, including a case-report form and a food
frequency questionnaire (FFQ). Subjects with major or-
ganic GI disorders (including celiac disease) or former
major GI surgery, subjects who did not complete the FFQ
or lacked blood samples for the biobank were excluded.

Case-report form

included questions on a large range of variables
(e.g.demographics, previous or present co-morbidities
(diabetes mellitus, polycystic ovary syndrome, hypertension,
cardiovascular disease, gallstones, hypo—/ hyperthyroidism,
fibromyalgia, osteoporosis, chronic bronchitis, hay-fever,
asthma, psychological problems, GI diseases), different
health scores, perception of overall state of health, GI
symptoms (yes/no) and food-induced GI symptoms). IBS
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was diagnosed with a validated Norwegian translation of
the Rome III criteria [17]; and the degree of specific GI
complaints with the Gastrointestinal Symptom Rating
Scale — IBS (GSRS-IBS) [18]. The GSRS-IBS questionnaire
contained 13 questions with responses ranging from 1 to 7
(no discomfort at all to very severe discomfort). The ques-
tions were clustered into the following dimensions; GSRS-
diarrhea, —constipation, —bloating, —pain and —satiety, and
a mean value for the items in each dimension were calcu-
lated. Questions regarding food-induced GI symptoms
were recorded with our own questionnaire, with focus on
milk/dairy products and wheat. This questionnaire
included questions regarding whether or not the patients
related their GI symptoms to the intake of these foods, as
well as visual analogue scales (range 0-100) asking “how
certain are you that; Milk/dairy products are the offending
foods? Wheat is the offending food?”

For convenience, further mention of intolerance to milk
and dairy in the text will be mentioned as intolerance to
milk only.

FFQ

The FFQ, designed to study the usual diet, has been pre-
pared and validated by the University of Oslo [19, 20].
Daily intake of food, nutrients and energy was calculated
by Department of Nutrition at the University of Oslo by
their in-house calculation program (KBS, version 7.3,
food database AE-14). The food composition database in
the calculation program is based on the official Norwegian
food composition table from 2016 [21] and is
supplemented with additional food items.

Laboratory analyses

Analyses of food antibodies were performed by Labl, Sand-
vika in accordance with the manufacturer’s instructions.
Serum zonulin, a marker of tight junction gut permeability
(reference value <48 ng/ml), and IgA against casein and
gliadin were analyzed with Enzyme Linked Immunosorbent
Assays  (Zonulin ELISA Kit, Immundiagnostik AG,
Bensheim, Germany, and; IgA gliadin/casein Screening
ELISA test from Immunolab GmbH, Kassel, Germany).
IgG antibodies against a panel of 44 common foods were
measured with an enzyme immunoassay from R-Biopharm
AG, Darmstadt, Germany (RIDASCREEN® Spec. IgG
Foodscreen). From this panel of antibodies, only those re-
lated to the food intolerances in question were selected for
statistical analyses. Four IgG food antibodies were consid-
ered relevant: IgG against cow’s milk, cheese, wheat and
gluten. The following cut-off values for the food antibodies,
as recommended by the manufacturers, were defined as
test positive: For IgG a value >7.5 pg/ml was considered
mildly elevated and a value >20 pg/ml was considered
strongly elevated. The corresponding cut-off values for IgA
were 2 8.0 U/ml (mildly elevated) and > 12 U/ml (strongly
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elevated). Values below the lowest detection limit for the
IgG food antibodies (2.5 pg/ml) were assigned the value
24 pg/ml.

Statistical analyses

Data analyses were performed with IBM SPSS Statistics
for Windows, Version 23 (IBM Corp., Armonk, N.Y.,
USA). For continuous data, comparisons between two
groups were analyzed with the independent sample t-test
if data were normally distributed or the non-parametric
Mann Whitney U-test if data were skewed. Categorical
data were analyzed with * statistics. Correlations between
variables were tested with Spearman’s correlation.
Associations between perceived food intolerance and
the corresponding food antibodies were adjusted for co-
variates by use of logistic regression models (milk- or wheat
intolerance as the dependent variable). A P-value < 0.05
was considered statistically significant.

Sample size and power calculations

No power-calculation was performed as we were not
aware of previously published studies with a similar
study population and design.

Results

In all, 97 out of 159 subjects were eligible for the present
study (female/male: 80/17; mean age: 45 (SD 8.4) years).
Of these, 70 had GI complaints. There were no signifi-
cant differences between the groups with and without
GI complaints regarding demographics, co-morbidity,
blood tests, dietary intake or food antibodies (data not
shown). All the presented analyses were based on the
group with GI complaints. Twenty-two (31.4%) and 20
(28.6%) subjects related their symptoms to the intake of
milk and wheat respectively; 11 (15.7%) had a perceived
intolerance to both milk and wheat.

Table 1 shows the patient characteristics, biochemical
and dietary data in subjects with and without perceived
intolerance to milk or wheat. The presence of co-
morbidities was not significantly different between those
with and without perceived intolerance to either milk or
wheat (data not displayed; all P-values >0.05). The
exception was IBS (Table 1) and hypothyroidism. The
latter was significantly more common among subjects
with than without perceived intolerance to wheat (5/18
(27.8%) vs. 2/48 (4.2%), P =0.014). Alcohol consumption
and smoking did not differ between those with and with-
out milk or wheat intolerance (data not displayed;
P-values > 0.05 for both).

Tables 2 and 3 show the serum concentrations of the
relevant food antibodies in subjects with and without
perceived intolerance to milk and wheat respectively,
with comparisons between the groups, and the number
and proportion of subjects with food intolerance in the
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groups with positive and negative tests for the given cut-
off values. Comparisons between the groups in question
did not reveal any significant differences (Table 2 and
Table 3). The results remained non-significant after
adjusting for the intake of the offending foods (data not
shown, all P-values > 0.05). For wheat intolerance versus
no intolerance, additional adjustments for differences in
s-Zonulin 248 ng/ml (as shown in Table 1) and
hypothyroidism did also not alter the non-significant
relationship between the antibodies and the reported
intolerance (P-values > 0.05).

Table 4 shows the correlations between the antibodies
investigated and the variables addressed in Table 1.
Additionally, because hypothyroidism was significantly
more common among subjects with than without perceived
intolerance to wheat, correlations between the antibodies
and hypothyroidism were examined as post-hoc analyses.
Results are included in Table 4.

Discussion

There is a lack of studies investigating the association be-
tween patient reported food intolerances and the corre-
sponding IgG or IgA food antibodies in adults with GI
symptoms. The novelty of the present study is that IgG and
IgA antibodies directed against milk and wheat were com-
pared between subjects who all reported GI complaints,
but who did or did not perceive themselves as intolerant to
these foods. Dietary intake of the offending foods was also
estimated, as dietary restrictions have been suggested to
affect serum concentrations of the antibodies in some stud-
ies [22—24]. Milk/dairy consumption was lower and close
to the level of statistical significance in those with than
without perceived milk intolerance. No differences in the
intake of wheat containing foods were seen between those
with and without perceived wheat intolerance. The mea-
sured food antibodies did however not discriminate be-
tween those with and without perceived food intolerances,
either in unadjusted analyses, or adjusted for the intake of
the offending foods. We think that our inclusion of symp-
tomatic subjects only, represents the subjects likely to seek
medical/nutritional advice and undergo antibody testing.
On the other hand, initial analyses did not reveal any differ-
ences between those with and without GI complaints either,
regardless of perceived intolerance to milk or wheat.

We are aware of only a few previous studies with a
similar design as the present study. One is a study from
our group which demonstrated poor correspondence
between perceived intolerance against gluten and milk/
cheese in patients with IBS and common tests for food
intolerance, including IgG and IgA against gliadin and
gluten, and IgA against lactalbumin, lactoglobulin and
casein [3]. Another is a study by Anthoni et al., which
opposed to the present study detected slightly higher
titers of IgG against milk protein in subjects with than
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Table 1 Patient characteristics, biochemical and dietary data in subjects with and without perceived milk-or wheat intolerance

Perceived milk intolerance P-value  Perceived wheat intolerance P-value
Yes (n=22) No (n=48) Yes (n=20) No (n=50)
Age, years 430 (7.39) 455 (891) 0256 % 463 (8.05) 441 (865) 0312¢
Gender (Female), n (%) 19 (86.4) 38 (79.2) 0742 ° 18 (90.0) 39 (78.0) 0322°
BMI, kg/m? 423 (2.70) 414 (339 0233% 420272 415 (3.40) 0631°
IBS (Rome Il), n (%) 12/21 (57.1) 13/47 (27.7) 0.020 ®* 10/18 (55.6) 15/50 (30.0) 0.054°
GSRS-IBS (range: 1-7)
GSRS-Pain 2.50 (1.00-5.00) 1.50 (1.00-4.00) 0014 “* 225 (1.00-5.00) 2.00 (1.00-4.00) 0.158°
GSRS-Bloating 233 (1.00-533) 250 (1.00-567) 0493 267 (1.00-5.33) 233 (1.00-567) 0337°
GSRS-Diarrhea 1.75 (1.00-4.75)  1.50 (1.00-4.75) 0.065 © 2 (1.00-4.75) 150 (1.00-4.75) 0.075°
GSRS-Constipation 1.00 (1.00-4.50) 1.00 (1.00-4.00) 0916 ¢  1.00 (1.00-4.50) 1.50 (1.00-4.00) 0.746°
GSRS-Satiety 1.00 (1.00-4.00) 1.50 (1.00-4.50) 0.669 © 1.25 (1.00-4.50) 1.50 (1.00-4.00) 0.493¢
S-Zonulin 248 ng/ml, n (%) 16 (72.7) 29 (60.4) 0318° 9 (45.0%) 36 (72.0) 0.033%*
Dietary intake, g/day
Milk, cream and cheese 238 (700-1173) 469 (23.4-1801) 0.053 © NA NA NA
Bread, cereals and cakes NA NA NA 274 (264-734) 280 (138-707)  0.654°
How certain are you that milk/wheat is the offending food? 77.5 (13.0-100) NA NA 67.0 (17.7-95.8) NA NA

(VAS-scale: 0-100; a high value indicates high degree of
certainty)

Data are given as mean (SD), median (min-max) or n (%)

IBS Irritable Bowel Syndrome, GSRS-IBS Gastrointestinal Symptom Rating Scale-IBS, NA Not applicable, VAS-scale Visual Analogue Scale

*Statistically significant: P < 0.05
Fisher’s Exact Test

PPearson Chi-Square
“‘Mann-Whitney U test
9ndependent sample t-test

without self-reported milk-induced GI symptoms [22].
However, likewise to the present study, no significant
positive associations were found between the IgG anti-
bodies and either IBS or specific GI symptoms [22].
Other studies on the relationship between IBS and IgG
food antibody levels have brought mixed results, but
correlations between the antibodies and type or severity
of symptoms were rarely demonstrated, or even inverse
correlations were found [23, 25, 26]. This is in contrast
to intervention studies showing that exclusion diets

guided by elevated IgG serum concentrations improved
symptoms in patients with IBS [8-11]. However, these
studies were associated with various limitations, such as
the lack of blinding and/or the lack of a control group,
incomplete details about how the diets were designed, or
intervention and control diets being too different.
Importantly, none of the studies compared the effect of
excluding the same foods in those with high versus low
serum concentrations of the corresponding food anti-
bodies. We speculate that the divergent findings, with

Table 2 Associations between the s-IgG and s-IgA milk antibodies and perceived milk intolerance

Perceived milk intolerance P-value Cut-off ¥ Perceived milk intolerance (22/70 (31.4)) P-value #
Yes (n=22) No (n=48) Test positive Test negative
I9G total (ug/ml) (n=69)  9.77 (2.19) 10.6 (2.08) 0.143
I9G cow's milk (ug/ml) 15.1 (240-112) 109 (2.40-117) 0.713 275 14/43 (32.6) 8/27 (29.6) 0.797°
>20 9/23 (39.1) 13/47 (27.7) 0332°
IgG cheese (ug/ml) 5.99 (240-72.0) 384 (240-889)  0.755 275 8/23 (34.8) 14/47 (29.8) 0.672°
=20 4 (214) 19/56 (33.9) 0.524°
IgA casein (U/ml) 505 (2.70-65.0)  5.15(2.10-33.1) 0556 >80 7/25 (28.0) 15/45 (33.3) 0.645°
=12 2(333) 18/58 (31.0) 1.000°

tData are given as mean (SD) or median (min-max) and independent sample t-test or Mann-Whitney-U-test is performed
$Positive test results as defined by cut-off values recommended by the manufacturer

+Data are given as proportion (percent) and X?-statistics is performed
“Fisher’s Exact Test
bPearson Chi-Square
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Table 3 Associations between the s-IlgG and s-IgA wheat antibodies and perceived wheat intolerance

Perceived wheat intolerance P-value +  Cut-off ¥  Perceived wheat intolerance (20/70 (28.6)) P-value #
Yes (n=20) No (n=50) Test positive Test negative
I9G total (ug/ml) (n=69) 10.3 (2.03) 10.3 (2.19) 0.939
IgG wheat (ug/ml) 830 (3.23-84.6) 8.93 (2.40-126) 0.933 =75 12/41 (29.3) 8/29 (27.6) 0.878°
=20 5/13 (385) 15/57 (26.3) 0.498°
IgG gluten (ug/ml) 116 (5.77-824) 114 (2.40-139) 0459 =75 17/52 (32.7) 3/18 (16.7) 0.195°
=20 6/19 (31.6) 14/51 (27.5) 0.734°
IgA gliadin (U/ml) (h=69) 540 (340-8.70)  4.70 (3.00-15.9)  0.337 >80 3/7 (42.9) 16/62 (25.8) 0.384°
=12 0/1 (0) 19/68 (27.9) 1.000°

tData are given as mean (SD) or median (min-max) and independent sample t-test or Mann-Whitney-U-test is performed
$Positive test results as defined by cut-off values recommended by the manufacturer

+Data are given as proportion (percent) and X?-statistics is performed
“Fisher’s Exact Test
PPearson Chi-Square

the lack of correlations with symptoms in this and most
other cross-sectional studies on the one hand, and
intervention trials showing symptomatic improvements
on the other hand, may be due to the many potential

respect to milk and wheat, several components, separate
or in combination, may provoke symptoms (e.g. different
proteins, peptides, lactose and fructans) [27-29]. Lactose
and fructans both belongs to the Fermentable Oligo-Di-

triggering components of the same food item. With  Monosaccharides And Polyols (FODMAPs), which
Table 4 Correlations between the food antibodies and the patient characteristics, biochemical and dietary data
IgG cow's milk 1gG cheese IgA casein  IgG wheat  IgG gluten  IgA gliadin
Age, years Rho: 0.05, Rho: 0.11,  Rho: —=0.04, Rho:0.09, Rho: 003, Rho:-0.02,
P=067 P=035 P=073 P=044 P=082 P=090
Gender (0 =female, 1 =male) Rho: 0.14, Rho: 020, Rho:0.14, Rho: 0.04, Rho: 003, Rho:0.15,
P=024 P=0.09 P=0.26 P=0.72 P=0.79 P=022
BMI, kg/m2 Rho: 0.08, Rho: —=0.02, Rho:0.17,  Rho:0.03, Rho:0.09, Rho:0.12,
P=053 P=087 P=0.15 P=0.81 P=046 P=033
IBS (0=no, 1=yes) Rho: 0.04, Rho: —=0.03, Rho:0.04, Rho:—0.16, Rho: —0.04, Rho: 0.06,
P=074 P=0.82 P=074 P=0.20 P=0.72 P=062
GSRS-Pain (range: 1-7) Rho: —0.04, Rho: —0.09, Rho: —0.10, Rho: —0.07, Rho:0.10,  Rho: 0.07,
P=073 P=047 P=041 P=057 P=040 P=059
GSRS-Bloating (range: 1-7) Rho: -0.11, Rho: —0.08, Rho: —0.04, Rho: —0.14, Rho:—0.02, Rho:—0.08,
P=036 P=053 P=0.72 P=0.25 P=085 P=052
GSRS- Diarrhea (range: 1-7) Rho: —0.18, Rho: —0.25, Rho: —0.19, Rho: —0.11, Rho: 001, Rho: 0.05,
P=0.14 P=0.04* P=0.13 P=035 P=091 P=0.66
GSRS-Constipation (range: 1-7) Rho: 0.06, Rho: 0.05, Rho:0.06, Rho:—-0.07, Rho:-0.05, Rho:0.03,
P=061 P=0.70 P=0.60 P=0.55 P=0.70 P=0.80
GSRS-Satiety (range: 1-7) Rho: <-0.0T1, Rho: —=0.05, Rho: —0.20, Rho:0.02, Rho:0.11,  Rho: —0.20,
P=0.98 P=0.70 P=0.10 P=087 P=036 P=0.09
S-Zonulin 248 ng/ml Rho: —0.02, Rho: 0.05, Rho:0.03, Rho:—0.10, Rho:—-0.10, Rho:0.27,
P=0.89 P=0.69 P=0.80 P=040 P=041 P=0.02*
Hypothyroidism (0=no, 1 =yes) Rho: 0.06, Rho: 009, Rho:0.14, Rho:026, Rho:0.22, Rho:0.15,
P=063 P=047 P=0.25 P=0.04* P=007 P=023
Dietary intake, g/day
Milk, cream and cheese Rho: 0.01, Rho: —0.02, Rho: —0.06, NA NA NA
P=09%4 P=0384 P=061
Bread, cereals and cakes NA NA NA Rho: —=0.12, Rho: -0.09, Rho: 0.13,
P=0.30 P =044 P=027
How certain are you that milk/wheat is the offending food? (VAS-  Rho: 0.30, Rho: 0.19,  Rho:0.09, Rho:0.05  Rho:-0.14, Rho: —0.30,
scale: 0-100; a high value indicates high degree of certainty) t P=0.18 P=041 P=068 P=0.83 pP=057 P=0.23

NA Not applicable, IBS Irritable Bowel Syndrome, GSRS Gastrointestinal Symptom Rating Scale-IBS, VAS-scale Visual Analogue Scale

tIncluded only those with perceived milk or wheat intolerance respectively
*Statistically significant: P < 0.05
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collectively have been shown to play a role in IBS [30].
In open, uncontrolled trials, the placebo effect can also
not be excluded. The lack of standardized methods in
IgG testing is also a problem that may have affected
differences between studies.

Increased gut permeability could potentially result in el-
evated levels of the food antibodies. Increased gut perme-
ability, reflected by s-zonulin (a marker of tight junction
permeability in the gut) [31], did not predict either serum
concentrations of the food antibodies or perceived food
intolerance in the present study. An exception was IgA
against gliadin, which correlated positively with increased
levels of s-zonulin. In spite of this, and in line with a previ-
ous study [32], there was an inverse association between
tight-junctional gut permeability and perceived wheat
intolerance, suggesting other underlying mechanisms for
the reported intolerance.

Although not among our main study hypotheses, the
present study showed that hypothyroidism was more
common among subjects with than without perceived
intolerance to wheat. Hypothyroidism also correlated
significantly with IgG against wheat, and marginally with
IgG against gluten. Numerous reports have described a
link between celiac disease and thyroid disease [33, 34],
but associations between non-celiac gluten—/wheat sen-
sitivity and autoimmune diseases, such as autoimmune
thyroiditis, remain elusive [32, 35-37]. Although not
specific for the condition, anti-gliadin antibodies, in par-
ticular of the IgG sub-class, has been reported as a fre-
quent serological marker in non-celiac gluten sensitivity
in several studies [32, 36, 37]. Much controversy still re-
mains regarding the clinical entity of “non-celiac wheat
—/non-celiac gluten sensitivity” [38]. Nevertheless, the
present results, in light of previous findings, may deserve
closer attention in future studies.

Strengths and limitations

It was a strength that the study was performed pragmatic-
ally in a routine clinical setting in conformity with daily
clinical practice, and that food intolerance was based on
perceived GI intolerance. The antibody tests have com-
monly been used in this way. The design, therefore, in-
creased the external validity. Food intolerance based on
double-blind placebo-controlled food provocation, which
is considered the gold standard in diagnosing adverse food
reactions [39], could have given other results.

Another strength was the clearly formulated questions ask-
ing specifically about food-induced GI symptoms and not
about other adverse food reactions, then followed by separate
questions regarding the relation to milk or wheat. The
degrees of certainty of the perceived associations between
the food item and the GI complaints were also assessed.

Patients with celiac disease were excluded from the
study. If systematic testing and exclusion of patients with
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IgE-mediated food allergy and lactose intolerance had
also been performed, this could have yielded different re-
sults. Based on European data, the prevalence of IgE
sensitization in adults were found to be approximately
2% [40] to 4.5% [41] for wheat and 0.8% for milk [41],
suggesting a minor influence of these conditions to the
present results. The prevalence of lactose malabsorption
in Norway is also low, approximating 4% both in the
general population and in patients with IBS [42]. Elimin-
ating a potential confounding effect of FODMAPs would
require the use of a FODMARP restricted elimination and
provocation diet and was not performed. To use the tests
for food antibodies only after thorough examinations is
however not according to everyday use of the tests.

Another consideration is that the study was accom-
plished in subjects with morbid obesity referred for
weight-reducing interventions. The literature suggests
that overweight and obese subjects have a high fre-
quency of GI co-morbidity, including IBS [12-14]. We
therefore considered this study population as suitable
for the present study question. If the patients had been
recruited primarily due to GI complaints and with more
severe symptoms, the results might have been different.

The many statistical tests performed increased the risk
of a type 1 statistical error. Inaccuracies in the dietary
reports, including the risk of re-call bias, can also not be
excluded. Moreover, the dietary data did not contain
exact information about the amount consumed of the
different grains/flour types, such as wheat; only surro-
gate markers such as bread, cakes and cereals which
often contain wheat. These aspects could perhaps ex-
plain the lack of a correlation between the intake of the
offending foods and the corresponding food antibodies
in this study. The significance of the amount consumed
of particular foods in increasing the serum concentra-
tions of the corresponding food antibodies seems
however inconclusive [22-24, 43].

Conclusion

The study showed no associations between perceived milk
and wheat intolerance and the corresponding IgG and IgA
food antibodies and gave no support for the use of these
antibodies for dietary advice to an unselected group of
subjects with morbid obesity and GI complaints.

Abbreviations

ELISA: Enzyme Linked Immunosorbant Assay; FFQ: Food Frequency
Questionnaire; FODMAPs: Fermentable Oligo-Di-Monosaccharides And
Polyols; GI: Gastrointestinal; GSRS-IBS: Gastrointestinal Symptom Rating Scale
- IBS; IBS: Irritable Bowel Syndrome; Ig: Immunoglobulin

Acknowledgements

We are grateful for the assistance of Martin Aasbrenn (physician) and Anja
Byfuglien (study nurse), both at Innlandet Hospital Trust, Gjevik, in patient
inclusion and practical work.



Kvehaugen et al. BMC Gastroenterology (2018) 18:22

Funding
The study has received funding from Innlandet Hospital Trust, Brumunddal,
Norway, and Lab1 AS, Sandvika, Norway.

Availability of data and materials

Case report forms on paper were used for collection of the clinical data and
are all safely stored. The data were transferred manually to SPSS for statistical
analyses. The data files are stored by Innlandet Hospital Trust, Brumunddal,
Norway, on a server with security according to the rules given by The
Norwegian Data Protection Authority, P.O. Box 8177 Dep. NO-0034 Oslo,
Norway. The dataset used in the current study are available on reasonable re-
quest to the corresponding author.

Authors’ contributions

ASK participated in the planning and design of the study, performed
statistical analyses, interpreted the data and drafted the manuscript. DT
participated in the planning and design of the study, was responsible for the
administration of the laboratory analyses, interpreted the data and revised
the manuscript critically for important intellectual content. PGF designed the
project, supervised the accomplishment, interpreted the data, revised the
manuscript critically for important intellectual content and is the guarantor
of the study. All authors read and approved the final manuscript.

Ethics approval and consent to participate

The study was approved by the Regional Committee for Medical and Health
Research Ethics in South-eastern Norway (number 2012/966) and written in-
formed consent was obtained from each participant.

Consent for publication
Not applicable.

Competing interests

ASK. and P.GF. declare that they have no competing interests. D.T. is the
Managing Director and shareholder in Lab1, which performed the analyses
of the antibodies.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Surgery, Innlandet Hospital Trust, Kyrre Greppsgate 11, 2819
Gjovik, Norway. “Lab1 AS, Sandvika, Norway. *Department of Research,
Innlandet Hospital Trust, Brumunddal, Norway. “Unit for Applied Clinical
Research, Department of Clinical and Molecular Medicine, Faculty of
Medicine and Health Sciences, Norwegian University of Science and
Technology, Trondheim, Norway.

Received: 20 November 2017 Accepted: 18 January 2018
Published online: 30 January 2018

References

1. Lomer MC. Review article: the aetiology, diagnosis, mechanisms and clinical
evidence for food intolerance. Aliment Pharmacol Ther. 2015:41:262-75.

2. Bohn L, Storsrud S, Tornblom H, Bengtsson U, Simren M. Self-reported food-
related gastrointestinal symptoms in IBS are common and associated with
more severe symptoms and reduced quality of life. Am J Gastroenterol.
2013;108:634-41.

3. Monsbakken KW, Vandvik PO, Farup PG. Perceived food intolerance in
subjects with irritable bowel syndrome- etiology, prevalence and
consequences. Eur J Clin Nutr. 2006;60:667-72.

4. Gocki J, Bartuzi Z. Role of immunoglobulin G antibodies in diagnosis of
food allergy. Postepy Dermatol Alergol. 2016;33:253-6.

5. Carr S, Chan E, Lavine E, Moote W. CSACI position statement on the testing
of food-specific IgG. Allergy Asthma Clin Immunol. 2012;8:12.

6.  Stapel SO, Asero R, Ballmer-Weber BK, Knol EF, Strobel S, Vieths S,
Kleine-Tebbe J. Testing for IgG4 against foods is not recommended as a
diagnostic tool: EAACI task force report. Allergy. 2008,63:793-6.

7. Boyce JA, Assa'ad A, Burks AW, Jones SM, Sampson HA, Wood RA, Plaut M,
Cooper SF, Fenton MJ, Arshad SH, Bahna SL, Beck LA, Byrd-Bredbenner C,
Camargo CA Jr, Eichenfield L, Furuta GT, Hanifin JM, Jones C, Kraft M, Levy

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Page 7 of 8

BD, Lieberman P, Luccioli S, KM MC, Schneider LC, Simon RA, Simons FE,
Teach SJ, Yawn BP, Schwaninger JM. Guidelines for the diagnosis and
Management of Food Allergy in the United States: summary of the NIAID-
sponsored expert panel report. J Allergy Clin Immunol. 2010;126:1105-18.
Atkinson W, Sheldon TA, Shaath N, Whorwell PJ. Food elimination based on
IgG antibodies in irritable bowel syndrome: a randomised controlled trial.
Gut. 2004;53:1459-64.

Aydinlar El, Dikmen PY, Tiftikci A, Saruc M, Aksu M, Gunsoy HG, Tozun N.
lgG-based elimination diet in migraine plus irritable bowel syndrome.
Headache. 2013;53:514-25.

Zar S, Mincher L, Benson MJ, Kumar D. Food-specific 1gG4 antibody-guided
exclusion diet improves symptoms and rectal compliance in irritable bowel
syndrome. Scand J Gastroenterol. 2005;40:800-7.

Guo H, Jiang T, Wang J, Chang Y, Guo H, Zhang W. The value of eliminating
foods according to food-specific immunoglobulin G antibodies in irritable
bowel syndrome with diarrhoea. J Int Med Res. 2012;40:204-10.

Aasbrenn M, Hogestol |, Eribe |, Kristinsson J, Lydersen S, Mala T, Farup PG.
Prevalence and predictors of irritable bowel syndrome in patients with
morbid obesity: a cross-sectional study. BMC Obes. 2017;4:22.
Pickett-Blakely O. Obesity and irritable bowel syndrome: a comprehensive
review. Gastroenterol Hepatol (N Y'). 2014;10:411-6.

Acosta A, Camilleri M. Gastrointestinal morbidity in obesity. Ann N'Y Acad
Sci. 2014;1311:42-56.

Camilleri M, Madsen K, Spiller R, Greenwood-Van MB, Verne GN. Intestinal
barrier function in health and gastrointestinal disease. Neurogastroenterol
Motil. 2012,24:503-12.

Moreno-Navarrete JM, Sabater M, Ortega F, Ricart W, Fernandez-Real JM.
Circulating zonulin, a marker of intestinal permeability, is increased in
association with obesity-associated insulin resistance. PLoS One. 2012,7:
e37160.

Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F, Spiller RC.
Functional bowel disorders. Gastroenterology. 2006;130:1480-91.

Wiklund IK, Fullerton S, Hawkey CJ, Jones RH, Longstreth GF, Mayer EA,
Peacock RA, Wilson IK, Naesdal J. An irritable bowel syndrome-specific
symptom questionnaire: development and validation. Scand J Gastroenterol.
2003;38:947-54.

Andersen LF, Solvoll K, Johansson LR, Salminen |, Aro A, Drevon CA.
Evaluation of a food frequency questionnaire with weighed records, fatty
acids, and alpha-tocopherol in adipose tissue and serum. Am J Epidemiol.
1999;150:75-87.

Carlsen MH, Lillegaard IT, Karlsen A, Blomhoff R, Drevon CA, Andersen LF.
Evaluation of energy and dietary intake estimates from a food frequency
questionnaire using independent energy expenditure measurement and
weighed food records. Nutr J. 2010,9:37.

Matvaretabellen 2016. Mattilsynet, Helsedirektoratet og Universitetet i Oslo.
http//www.matvaretabellen.no/. Accessed 25 September: 2017.

Anthoni S, Savilahti E, Rautelin H, Kolho KL. Milk protein IgG and IgA: the
association with milk-induced gastrointestinal symptoms in adults. World J
Gastroenterol. 2009;15:4915-8.

Ligaarden SC, Lydersen S, Farup PG. IgG and IgG4 antibodies in subjects
with irritable bowel syndrome: a case control study in the general
population. BMC Gastroenterol. 2012;12:166.

Pelto L, Impivaara O, Salminen S, Poussa T, Seppanen R, Lilius EM. Milk
hypersensitivity in young adults. Eur J Clin Nutr. 1999;53:620-4.

Zuo XL, Li YQ, Li WJ, Guo YT, Lu XF, Li JM, Desmond PV. Alterations of food
antigen-specific serum immunoglobulins G and E antibodies in patients
with irritable bowel syndrome and functional dyspepsia. Clin Exp Allergy.
2007,37:823-30.

Zar S, Benson MJ, Kumar D. Food-specific serum IgG4 and IgE titers to
common food antigens in irritable bowel syndrome. Am J Gastroenterol.
2005;100:1550-7.

De GR VU, Gibson PR. Sensitivity to wheat, gluten and FODMAPs in IBS:
facts or fiction? Gut. 2016;65:169-78.

Turpeinen A, Kautiainen H, Tikkanen ML, Sibakov T, Tossavainen O,
Myllyluoma E. Mild protein hydrolysation of lactose-free milk further reduces
milk-related gastrointestinal symptoms. J Dairy Res. 2016,83:256-60.
Gibson PR, Muir JG, Newnham ED. Other dietary confounders: FODMAPS
et al. Dig Dis. 2015;33:269-76.

Varju P, Farkas N, Hegyi P, Garami A, Szabo |, llles A, Solymar M, Vincze A,
Balasko M, Par G, Bajor J, Szucs A, Huszar O, Pecsi D, Czimmer J. Low
fermentable oligosaccharides, disaccharides, monosaccharides and polyols


http://www.matvaretabellen.no/

Kvehaugen et al. BMC Gastroenterology (2018) 18:22

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(FODMAP) diet improves symptoms in adults suffering from irritable bowel
syndrome (IBS) compared to standard IBS diet: a meta-analysis of clinical
studies. PLoS One. 2017;12:¢0182942.

Fasano A. Intestinal permeability and its regulation by zonulin: diagnostic
and therapeutic implications. Clin Gastroenterol Hepatol. 2012;10:1096-100.
Sapone A, Lammers KM, Casolaro V, Cammarota M, Giuliano MT, De RM SR,
Mazzarella G, Tolone C, Russo MI, Esposito P, Ferraraccio F, Carteni M,
Riegler G, de ML FA. Divergence of gut permeability and mucosal immune
gene expression in two gluten-associated conditions: celiac disease and
gluten sensitivity. BMC Med. 2011;9:23.

Lerner A, Jeremias P, Matthias T. Gut-thyroid axis and celiac disease. Endocr
Connect. 2017,6:R52-8.

Sun X, Lu L, Yang R, Li Y, Shan L, Wang Y. Increased incidence of thyroid
disease in patients with celiac disease: a systematic review and meta-
analysis. PLoS One. 2016;11:¢0168708.

Carroccio A, D'Alcamo A, Cavataio F, Soresi M, Seidita A, Sciume C, Geraci G,
lacono G, Mansueto P. High proportions of people with nonceliac wheat
sensitivity have autoimmune disease or antinuclear antibodies.
Gastroenterology. 2015;149:596-603.

Volta U, Tovoli F, Cicola R, Parisi C, Fabbri A, Piscaglia M, Fiorini E, Caio G.
Serological tests in gluten sensitivity (nonceliac gluten intolerance). J Clin
Gastroenterol. 2012;46:680-5.

Volta U, Bardella MT, Calabro A, Troncone R, Corazza GR. An Italian
prospective multicenter survey on patients suspected of having non-celiac
gluten sensitivity. BMC Med. 2014;12:85.

Gibson PR, Skodje Gl, Lundin KE. Non-coeliac gluten sensitivity. J
Gastroenterol Hepatol. 2017;32(Suppl 1):86-9.

Turnbull JL, Adams HN, Gorard DA. Review article: the diagnosis and
management of food allergy and food intolerances. Aliment Pharmacol
Ther. 2015;41:3-25.

Zuidmeer L, Goldhahn K, Rona RJ, Gislason D, Madsen C, Summers C,
Sodergren E, Dahlstrom J, Lindner T, Sigurdardottir ST, McBride D, Keil T.
The prevalence of plant food allergies: a systematic review. J Allergy Clin
Immunol. 2008;121:1210-8.

Burney PG, Potts J, Kummeling |, Mills EN, Clausen M, Dubakiene R, Barreales
L, Fernandez-Perez C, Fernandez-Rivas M, Le TM KAC, Kowalski ML, Lidholm
J, Ballmer-Weber BK, Braun-Fahlander C, Mustakov T, Kralimarkova T, Popov
T, Sakellariou A, Papadopoulos NG, Versteeg SA, Zuidmeer L, et al. The
prevalence and distribution of food sensitization in European adults. Allergy.
2014;69:365-71.

Farup PG, Monsbakken KW, Vandvik PO. Lactose malabsorption in a
population with irritable bowel syndrome: prevalence and symptoms. A
case-control study. Scand J Gastroenterol. 2004;39:645-9.

Zeng Q, Dong SY, Wu LX, Li H, Sun ZJ, Li JB, Jiang HX, Chen ZH, Wang QB,
Chen WW. Variable food-specific IgG antibody levels in healthy and
symptomatic Chinese adults. PLoS One. 2013;8:€53612.

Page 8 of 8

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients and study design
	Case-report form
	FFQ
	Laboratory analyses
	Statistical analyses
	Sample size and power calculations

	Results
	Discussion
	Strengths and limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

