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Abstract: Recently, increasing attention has been paid to the
pathologic role of food in irritable bowel syndrome (IBS). Never-
theless, healthcare providers often avoid addressing diet with
their patients because of a lack of training, guideline consensus,
and high-quality data. Recent literature supports the existence
of a subgroup of IBS patients with undiagnosed nonceliac gluten
sensitivity (NCGS), a term that is used to describe individuals who
experience gastrointestinal and extraintestinal symptoms as a
result of immunologic, morphologic, or symptomatic abnormali-
ties that are precipitated by the ingestion of gluten. NCGS repre-
sents an important subgroup of patients with IBS who are highly
treatable via dietary modification. Gluten may influence gastro-
intestinal symptoms through immune activation or alteration of
intestinal permeability, but the true role of food in functional
gastrointestinal symptomatology remains unclear. For example,
gluten is just 1 component of the complex milieu of nutrients
found in wheat and related grains, and NCGS likely represents
only the tip of the iceberg as it pertains to the role of food in IBS.

rritable bowel syndrome (IBS) is a chronic gastrointestinal dis-
order that affects 7-20% of the adult population in the United
States.? Since there are no reliable biomarkers, IBS is defined
by the presence of characteristic symptoms. Rome III diagnostic
criteria define IBS as recurrent abdominal pain or discomfort for at
least 3 days per month in the past 3 months that is associated with
2 or more of the following: improvement with defecation, onset
associated with a change in the frequency of stool, or onset associ-
ated with a change in the form (appearance) of stool.? In addition to
abdominal pain or discomfort, patients with IBS experience disor-
dered defecation with diarrhea, constipation, or a mixture of both.
A number of factors have been suggested to play a role in the
pathogenesis of IBS, including disturbed motility, alterations in
the brain-gut axis, genetic factors, impaired gut barrier function,
immunologic dysregulation, changes in the gut microbiome, and
psychosocial factors. Recently, there has been increasing attention
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on the role of food in IBS. Patients have long associated
IBS symptoms with the ingestion of certain foods.® In
fact, more than 60% of patients with IBS report the onset
or worsening of symptoms after meals (within 15 minutes
of eating in 28% of patients and within 3 hours in 93%
of patients).! Despite this clear message from patients,
healthcare providers have often viewed dietary interven-
tions for patients with IBS with skepticism, likely due
to a lack of formal training in this area and high-quality
data from randomized, controlled trials. In fact, in 2 2009
evidence-based review, the American College of Gastro-
enterology IBS Task Force stated, “Patients often believe
that certain foods exacerbate their IBS symptoms. There
is, however, insufficient evidence that food allergy test-
ing or exclusion diets are efficacious in IBS.” This lack of
enthusiasm for dietary counseling has increasingly caused
healthcare providers to be misaligned with their patients,
who are increasingly seeking more holistic solutions for
their IBS symptoms. Out of desperation, many patients
attempt dietary manipulations, such as the reduction of
fatty foods, carbohydrates, gluten, or milk/dairy products
or the modification of dietary fiber content after seeking
advice from family, friends, or the Internet”’ It should
come as no surprise that this disorganized and largely
nonvalidated approach can result in frustration for both
patients and healthcare providers. Furthermore, the adop-
tion of highly restrictive diets for extended periods of time
without appropriate supervision or monitoring can lead
to the development of malnutrition.’

Overlap Between Celiac Disease and Irritable
Bowel Syndrome

Meta-analyses of case-control studies from around the
world suggest that patients with IBS symptoms are sig-
nificantly more likely to have serologic evidence, as well
as biopsy confirmation, of celiac disease.*” Although
the sum of the world’s literature supports an association
between celiac disease and IBS, it is important to note
that the data currently available from the United States
have not identified a significantly increased risk of celiac
disease among patients with IBS symptoms.®’ Recently, a
prospective study from the United States found that the
prevalence of biopsy-confirmed celiac disease was 0.4%
in 492 patients with IBS symptoms and 0.4% in a conve-
nience sample of 458 asymptomatic individuals who were
undergoing colonoscopy for colorectal cancer screening
or surveillance.” Although this difference was not statisti-
cally significan, it is notable that 7.3% of patients with
IBS and 4.8% of control patients had at least 1 abnormal
celiac serology test result (adjusted odds ratio, 1.49; 95%
confidence interval, 0.76-2.90; P=.25). Thus, in this
study of US populations, the likelihood of identifying

evidence of an immunologic response to gluten was far
more common than identifying biopsy-confirmed celiac
disease in patients with IBS and control patients.

It has been argued that some patients with positive
celiac antibody testing and evidence of genetic predisposi-
tion (positive human leukocyte antigen [HLA]-DQ2 or
DQ8 status) but only subtle abnormalities or entirely
normal small bowel histology will eventually develop vil-
lous atrophy and, thus, belong to the spectrum of celiac
disease.'®!" Wahnschaffe and associates described a group
of patients who had IBS with diarrhea (IBS-D) symptoms,
positive HLA-DQ2 status, minimal immunopathologic
changes on duodenal biopsies (increased intraepithelial
lymphocytes), elevated levels of celiac disease—associated
antibodies in duodenal aspirates, and increased immu-
noglobulin (Ig) A deposition in intestinal villi.'* In this
unblinded study, patients with IBS-D experienced signifi-
cant reductions in symptoms with a gluten-free diet. Sub-
sequent studies have shown a high likelihood of response
to a gluten-free diet in patients with gastrointestinal
symptoms, abnormal celiac disease antibody testing, and
genetic markers (HLA-DQ2/DQ8) but normal or mini-
mal small intestinal mucosal lesions.""* In a follow-up
study, Wahnschaffe and colleagues examined 41 patients
who had IBS-D, positive HLA-DQ2/DQ8 status, posi-
tive levels of IgA and IgG antibodies to tissue transgluta-
minase (T'TG) and/or gliadin (AGA), and normal or near
normal duodenal histopathology (increased intraepithelial
lymphocytes). Gastrointestinal symptoms and antibody
levels were re-examined after patients were on a gluten-
free diet for 6 months."” Positive levels of AGA or TTG
serum IgG antibodies (37%) and HLA-DQ2 expression
(39%) were significantly more common in patients with
IBS-D than in a control group of patients with inflam-
matory bowel disease (18% and 23%, respectively). After
6 months of a gluten-free diet, stool frequency and gas-
trointestinal symptom scores returned to normal values in
60% of patients with IBS-D who previously had positive
HLA-DQ2 status and celiac disease—associated serum IgG
levels and in 12% of patients with IBS-D who had been
negative for these 2 findings (P<.05). The authors con-
cluded that positive levels of AGA or TTG serum IgG and
HLA-DQ?2 expression may identify a subset of patients
with IBS-D who will respond to a gluten-free diet.

Why Might Patients with Irritable Bowel
Syndrome Develop Symptoms After Ingesting
Foods with Gluten?

Although the concept of NCGS is not new, a great deal
of attention has recently been paid in the lay press and
medical literature to patients with IBS who experience

symptoms after ingesting foods that contain gluten.'
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Table 1. Terminology of Gluten-Related Disorders

HLA- | Duodenal | Serologic
Term Symptoms DQ2/8 | biopsy tests Treatment
Classic celiac disease Diarrhea, bloating, weight loss, + + + Gluten-free diet
abdominal pain
Nonclassic celiac disease Ataxia, dermatitis herpetiformis, anemia + + + Gluten-free diet
Asymptomatic celiac disease | None + + + Debated
Potential celiac disease None + - + None
Nonceliac gluten sensitivity | May be identical to celiac disease +/— - +/— Trial of gluten-free diet

HLA=human leukocyte antigen.

Adapted from Sapone A, et al'” and Ludvigsson JF, et al.’®

Unlike patients with celiac disease, these patients do not
demonstrate signs of significant intestinal mucosal injury
in response to gluten ingestion. The term gluten-related
disorders is used to describe all conditions that occur as
a result of ingesting foods that contain gluten (including
disorders such as celiac disease, dermatitis herpetiformis,
gluten ataxia, and NCGS), and the medical community
has come to recognize that there is likely a spectrum of
disorders related to gluten ingestion (Table 1).'”*® Gluten
is becoming increasingly recognized as an important cul-
prit of food intolerance, particularly in patients with IBS.
This is evidenced by the fact that the number of individu-
als embracing a gluten-free diet far exceeds the number of
individuals who are diagnosed with celiac disease. Sales
in the global market for gluten-free products totaled an
estimated $2.5 billion in 2010."7 Therefore, the remainder
of this paper will review literature that supports a causal
link between gluten and IBS symptoms as well as evidence
that supports the use of a gluten-free diet for treatment of
patients with IBS.

What Is Nonceliac Gluten Sensitivity?

There is no widely accepted definition for NCGS.
Broadly speaking, this term relates to 1 or more of a
variety of immunologic, morphologic, or symptomatic
manifestations that are precipitated by the ingestion of
gluten in individuals in whom celiac disease has been
excluded. Patients with NCGS demonstrate symptomatic
manifestations—both intestinal (eg, diarrhea, abdominal
discomfort, bloating, and flatulence) and extraintestinal
(eg, headache, lethargy, attention deficit/hyperactivity
disorder, depression, and ataxia)—that are precipitated
by the ingestion of gluten and improve after gluten with-
drawal. As opposed to celiac disease, NCGS may show
signs of an activated innate immune response but without
significant enteropathy. Patients with NCGS may or may
not exhibit elevations in TTG, endomysial, or deamidated
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gluten peptide antibodies. Such patients often experience
gastrointestinal symptoms that can be clinically indistin-
guishable from those of celiac disease or IBS.'" There
is currently no standard diagnostic approach to patients
with NCGS, but these patients are an important sub-
group to identify, as their condition is eminently treatable
via dietary modification.

Does Nonceliac Gluten Sensitivity Exist in
Patients with Irritable Bowel Syndrome?

There is increasing evidence to suggest that gluten induces
functional gastrointestinal symptoms in patients who
do not meet the diagnostic criteria for celiac disease.
Biesiekierski and coworkers confirmed the existence
of NCGS in patients with IBS-D in a randomized,
double-blind, placebo-controlled, rechallenge trial.?°
This study included 34 patients with IBS (based on
Rome III criteria) who had experienced symptomatic
relief with a gluten-free diet for at least 6 weeks before
study enrollment. Patients with celiac disease or other
confounders were excluded from the study. Throughout
the 6-week, double-blind, randomization phase of the
trial, 19 patients received 16 g of nonfermentable glu-
ten per day via bread and a muffin, whereas the other
15 patients received gluten-free bread and a muflin.
The endpoint of the study was adequate symptom relief
according to a questionnaire and visual analogue scale.
After completion of the study, the researchers found that
a significantly greater number of patients in the gluten
group did not experience adequate symptom control
compared with the gluten-free group (68% vs 40%;
P=.001). Patients who received a gluten-free diet reported
significantly greater improvements in pain (P=.016),
bloating (P=.031), satisfaction with stool consistency
(P=.024), and tiredness (P=.001) than patients who
ingested a diet containing gluten. The researchers also
evaluated a number of potential biomarkers before and
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Figure 1. Proposed mechanisms of nonceliac wheat sensitivity.

after dietary intervention. There were no significantly
different changes in levels of fecal lactoferrin, celiac anti-
bodies, or highly sensitive C-reactive protein before and
after dietary intervention. HLA-DQ2/DQ8 status had
no bearing on clinical outcomes, which argues against
undiagnosed celiac disease as a cause of symptomatic
response to a gluten-free diet. Based on these results, the
researchers concluded that NCGS may well be a distinct
clinical entity and that gluten ingestion is associated with
the development of gastrointestinal symptoms in a subset
of patients with IBS.

Proposed Mechanisms of Gluten-Induced
Symptoms in Patients with Irritable Bowel
Syndrome

It has been suggested that immune activation and per-
haps low-grade inflammation are present in a subset of
patients with IBS; in addition, abnormalities in intestinal
permeability have recently been reported in a subset of
patients with IBS.?"* This mechanism of action is inter-

esting, given what is known regarding the pathogenesis
of celiac disease, in which gliadin induces dysfunction of
intercellular tight junctions through increased intestinal
expression of zonulin, a modulator of intestinal perme-
ability.??¢ In the face of increased intestinal permeability,
it is reasonable to hypothesize that environmental factors,
such as food antigens, could lead to immune activation
or could trigger a low-grade inflammatory response,
leading to the generation of symptoms in a susceptible
individual.**?** Small preliminary studies suggest that,
unlike celiac disease, gluten sensitivity is not associated
with increased intestinal permeability."? As previously
discussed, Biesiekierski and colleagues measured levels
of fecal lactoferrin (a marker of injury and intestinal per-
meability) before and after ingestion of a gluten-free or
gluten-containing diet.?” Despite the worsening of symp-
toms after gluten ingestion, no changes were identified in
fecal lactoferrin levels.? Similarly, Sapone and associates
found that the lactulose/mannitol test, which is a marker
of intestinal permeability, was actually significantly lower
in gluten-sensitive patients than in control patients
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(P=.0308), signifying a conserved mucosal barrier func-
tion in gluten-sensitive patients.” The same study reported
that the innate immunity markers TLR2 and FOXP3
were altered in gluten-sensitive patients but not patients
with celiac disease. Along with a lack of association with
HLA-DQ2/DQ8 status, these immunologic differences
suggest that gluten sensitivity and celiac disease may, in
fact, be distinct conditions.

There is additional evidence supporting an immuno-
logic pathogenesis in a subset of patients with food sensitiv-
ity and IBS. Carroccio and coworkers recently performed
a double-blind, placebo-controlled study that utilized oral
food challenges with cow’s milk and wheat proteins in
patients who fulfilled Rome II criteria for IBS.”” Improve-
ment was seen in 20% of patients with IBS during the
double-blind, placebo-controlled milk and/or wheat elimi-
nation phase, while symptoms associated with both milk
and wheat developed in 16% of patients, with milk alone
in 3%, and with wheat alone in 2%. Symptoms developed
within a mean of 3 days of milk or wheat reintroduction,
and half of these patients had to discontinue their food
challenge due to recurrent symptoms. Many patients who
thought they had food sensitivities did not improve with
food elimination. Surprisingly, some patients who did not
think that food was related to their symptoms improved
with double-blind, placebo-controlled, food elimination.
This study also found that basophil activation measured by
surface expression of CD63 was 87% accurate for identify-
ing patients with sensitivity to milk and/or wheat. These
findings were corroborated by the same researchers in a
second study.?®

It should be remembered that gluten is just 1 com-
ponent of the complex milieu of nutrients found in wheat
and related grains. In fact, the studies by Carroccio and
associates did not specify which components of wheat were
utilized in their studies.””*® Therefore, gluten may not have
been the sole agent responsible for the development of
symptoms in patients who consumed wheat. In addition
to a number of other proteins, wheat contains fructans
and galactans, poorly absorbed short-chain carbohydrates
that are highly fermentable in the presence of gut bacteria.
Fermentation of these substrates results in gas and short-
chain fatty acid production. These short-chain fatty acids
produce an osmotic load that leads to increased luminal
water content, luminal distension, and secondary peristal-
sis involving the distal small bowel and proximal colon.
It is not difficult to imagine how these physiologic events
could lead to the development of symptoms such as bloat-
ing, distension, abdominal pain/cramping, or diarrhea,
particularly in patients with underlying IBS (Figure 1).%
Recent research suggests that a diet low in fermentable oli-
gosaccharides, disaccharides, monosaccharides, and polyols
(which, along with fructans and galactans, are known as

FODMAPs) offers clinical benefits for IBS symptoms.*'%
In addition to simply reducing exposure to fermentable
substrates, it is also conceivable that elimination of these
dietary fermentable carbohydrates might alter the gut
microbiome through prebiotic effects, reduce or change the
products of fermentation, improve intestinal barrier func-
tion, or affect function of smooth muscle or the enteric

nervous system.>*%

Conclusion

It is becoming increasingly clear that there are patients in
whom gastrointestinal and nongastrointestinal symptoms
develop following the ingestion of wheat. Some of these
patients may well represent a variation of celiac disease
or food allergy. For such patients, it is quite possible that
gluten is the culprit and that its exclusion may be a poten-
tially effective solution. On the other hand, nongluten-
related issues may underlie the development of symptoms
following the ingestion of wheat in patients with IBS.
Immunologic responses to gluten proteins (which differ
from those of celiac disease) or fermentation of unab-
sorbed carbohydrates may also lead to symptoms in
patients with IBS, who often have underlying alterations
in the gut microbiome as well as exaggerated motor and
sensory responses. Further research is clearly warranted to
characterize the complex and overlapping pathophysiol-
ogy of gastrointestinal and nongastrointestinal symptoms
following the ingestion of wheat.

In addition, the development of a widely accepted
nomenclature for patients who experience symptoms after
the ingestion of wheat would be of great benefit. The cur-
rent label of NCGS may be overly restrictive, as it implies
that the gastrointestinal and nongastrointestinal symptoms
that these patients experience are exclusively the result of
ingesting gluten. As previously discussed, this may or may
not be the case. In many ways, the current indiscriminant
use of this term is reminiscent of the use of nonerosive reflux
disease (NERD) to describe all patients with heartburn and
normal endoscopic findings. After NERD became part of
the gastroenterology vernacular, it became quite apparent
that a substantial proportion of patients with heartburn
and normal esophagogastroduodenoscopy findings off of
proton pump inhibitor therapy, as well as the majority of
such patients on proton pump inhibitor therapy, have no
demonstrable evidence of acid or nonacid reflux based on
ambulatory impedance—pH monitoring. It is now recog-
nized that many patients with heartburn and normal endo-
scopic findings (particularly patients who experience symp-
toms despite receiving proton pump inhibitor therapy)
are more appropriately labeled as experiencing functional
heartburn. In the hopes of avoiding a similar mistake, the
medical community should consider a more inclusive label
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Figure 2. A potential algorithm for the diagnosis of celiac disease and other gluten-related disorders. Serologic testing should

be obtained in patients on a gluten-containing diet. If there is high suspicion for celiac disease (eg, family history, type 1

diabetes, Down syndrome), confirmatory endoscopy with duodenal biopsy should be considered, even in the setting of normal

serologic test results.

AGA=antigliadin antibody; DBFE=double-blind food elimination; EMA=endomysial antibody; HLA=human leukocyte antigen; IBS=irritable bowel syndrome;

Ig=immunoglobulin; NCWS=nonceliac wheat sensitivity; TTG=tissue transglutaminase.

for patients with wheat-related symptoms. Terms such as
wheat intolerance or nonceliac wheat sensitivity would
include patients with NCGS and patients in whom symp-
toms develop via nongluten-related mechanisms.

As the societal preoccupation with gluten continues
to grow, it is becoming increasingly clear that healthcare
providers are more likely to encounter patients with
NCGS than patients with true celiac disease in day-to-day
practice. Despite the frequent rush to treat a wide range of
gastrointestinal and nongastrointestinal symptoms with a
gluten-free diet, healthcare providers should keep several
important practical issues in mind. Due to the relatively
low prevalence of celiac disease, it is always advisable
to formally test for this condition before instituting a

gluten-free diet (Figure 2). Most healthcare providers have
encountered patients who started a gluten-free diet after
consulting the Internet or speaking to a friend, relative,
or another healthcare provider. It is often difficult to con-
vince patients to go back to a gluten-containing diet once
their symptoms have improved on a gluten-free diet. Even
in situations in which patients agree to include gluten in
their diet, it is unclear how much and for how long glu-
ten should be reintroduced before blood or biopsy-based
testing for celiac disease becomes reliable. In addition,
although a gluten-free diet can be safe even when imple-
mented for long periods of time, it is our opinion that
individuals starting a gluten-free diet should see a dieti-
cian on at least 1 occasion to ensure that they institute
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their diet in a medically responsible manner. Healthcare
providers should make sure that patients are not solving
one set of problems only to create another set of problems
in their haste to find a solution for their IBS symptoms.
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