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Role of Gluten-free Diet and Intestinal Microbiota

on Glycemic Control and Diabetes Development

Glutensiz Diet, intestinal Mikrobiotanin Glisemik Kontrol ve
Diyabet Gelisimindeki RolU
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Abstract

A gluten-free diet offers immense health benefits in certain autoimmune diseases including dermatitis herpetiformis, rheumatoid arthritis,
and neurologic disorders; besides its therapeutic potential has also been documented in other conditions such as diabetes mellitus, HIV-
associated enteropathy, and celiac disease.

In animal models, a gluten-free diet has been associated with the reduced auto-inflammatory process, altered inflammatory cytokine res-
ponse as well as intestinal microbiota leading to lower the incidence of diabetes. The acidic environment has also been shown to affect
the gut microbiota resulting in reduced incidence and delayed onset of diabetes in genetically predisposed individuals.

In the current arficle, it has been proposed that intestinal microbiota play a maijor role in stimulating an immunological response; and the
acidic environment affects the gut microbiota, and thus improves the immunological milieu. Gluten-free diets positively boost the immu-
nological response in animal models and combat with autoimmune diseases in human beings by affecting the gut flora. The association
between gluten-free diet, gut flora, immunological response, and environment may play a decisive role in plummeting the advancement
of diabetes.
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Ozet

Glutensiz diyet, dermatit herpetiformis, romatoid artrit ve nérolojik bozukluklar gibi otoimmn hastaliklarda saghiga faydal etkiler sun-
maktadir; ayrica diabetes mellitus, HIV ile iliskili enteropati ve ¢olyak hastaliginda da tedavideki olumlu etkinligi bildirilmistir.

Hayvan modellerinde, glutensiz diyet otoinflamatuvar sirecde baskilanma ve degisen inflamatuvar sitokin yaniti ile diyabet insidansinda
azaltmaya yol acan bagirsak mikrobiyota degisimi ile iliskilendirilmistir. Asidik ortamin bagirsak mikrobiyota ortamini etkiledigi ve genetik
olarak yatkin bireylerde diyabet insidansi azalttig ve diyabetin baslamasini geciktirdigi gosterilmistir.

Bu makale ile bagirsak mikrobiyotasinin immunolojik cevabi uyarmada énemli bir rol oynadigi sunulmaktadir; ve asidik ortam bagirsak mik-
robiyotasini etkileyerek immunolojik ortami gelistirir. Glutensiz diyet, bagirsak florasini etkileyerek hayvan modellerinde immunolojik yanitta
ve insanda otoimmUn hastaliklarla micadelede olumlu yénde destek saglamaktadir. Glutensiz diyet, bagirsak florasi, immunolojik tepki
ve immUnolojik ortam arasindaki iliski, diyabetin ilerlemesini azaltmada belirleyici rol oynayabilir.

Anahtar kelimeler: Glutensiz diet, sitokinler, intestinal mikrobiota, asidik cevre, diabetes mellitus

Introduction the major part of our diet. Gluten is a water-insoluble protein and

consists of two major fractions, i.e., gliadin and glutenin. Gliadin is
Gluten is an important ingredient of wheat profein, as about 90%  the aqueous alcohol-soluble fraction, and its firm peptide config-
of the total proTein content is gluTen. BeSides, it is also presenT in uration renders it resistant to |y‘[|c enzyme sysfem in the gqsfro]n_
barley, oat, and rye (1-3), and these gluten-rich cereals constitute  testinal tract and this distinct resistance is considered to trigger
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immune reactions and gluten sensitive diseases. Gluten reactions
have recently been classified into three categories viz. dllergic (wheat
allergy), autoimmune (celiac disease, dermatitis herpetiformis, and
gluten ataxia), and possibly immune-mediated (gluten sensitivity) (4).
These reactions are perceived to be involved in the etiology of the
underlying basis of autoimmune and idiopathic disease.

The Gluten-Rich Wheat-Flour Diet and
Diabetes Mellitus

The gluten-containing wheat-flour diet has been associated with
an increased frequency of diabetes mellitus in animals. In non-di-
abetic mice, feeding with wheat-flour diet increased the incidence
of diabetes mellitus and insulitis severity, whereas feeding with hy-
drolyzed casein diet was found to reduce the incidence of diabetes.
On the contrary, feeding a hypo-allergenic soybean-protein hy-
drolysate resulted in an incidence of diabetes mellitus and insuli-
tis severity similar to that of the soybean-meal-fed group. It is
assumed that protein hydrolysis may not affect occurrence and
severity of diabetes (5). This study shows that feeding with the
wheat-flour diet despite the presence of hydrolyzed protein plays
amaijor role in the progression of diabetes. Concerning this study,
mice fed on a wheat-based diet exhibited a higher incidence of di-
abetes, the signs of small intestinal enteropathy and higher mu-
cosal levels of pro-inflammatory cytokines (6). In addition,
wheat-free and barley protein-free diet were also found to be as-
sociated with reduced incidence and delayed onset of diabetes.
Likewise, reduced insulin autoantibodies and lower insulitis scores
were also recorded. Furthermore, the supplementation of fish-oil or
vitamin D3 to the wheat-free diet did not provide any additional
benefit toward subsiding the incidence of diabetes mellitus (7).
These findings postulate that gluten content of wheat-based diet
might have been associated with the increased incidence of dia-
betes.

Evidence for Benefits of Gluten-Free Diet Other Than
Diabetes Mellitus

A gluten-free diet has been exhibited to deliver positive health ben-
efits in certain autoimmune disease including dermatitis herpeti-
formis, neurological disorders, rheumatoid arthritis, along with
other conditions such as diabetes mellitus, HIV-associated en-
teropathy and celiac disease (8).

In patients with IgA nephropathy, the average level of IgA was sig-
nificantly declined in about 81.8% of cases with complete normal-
ization in 63.6% patients after six months to one year of a
gluten-free diet (9).

In a controlled case study, about 66 patients with active rheuma-
toid arthritis (RA) were evaluated and randomly kept on either a
gluten-free vegan diet (38 patients) or a well-balanced non-vegan
diet (28 patients) for one year. The improvement ratio of RA in the
gluten-free vegan diet was 40.5%, against the 4% in the non-vegan
group after the stipulated follow up period. Furthermore, the levels
of immunoglobulin G (IgG) antibody against gliadin and beta-lac-
toglobulin were found to be lower in the gluten-free vegan group
than the non-vegan group (10).

Besides, in case of diseases with uncertain etiology, a gluten-free
diet has also been shown to offer encouraging benefits. In a ques-
tionnaire-based survey study, strictly gluten and/or casein-free diet
were also found to improve autism spectrum disorders (ASD) be-
haviors, physiological symptoms, and social behaviors (p< 0.05).
The study consists of a parental report of data collected on the ef-
ficacy of the gluten-free and/or casein-free diet using a 90-item
online questionnaire from 387 parents or primary caregivers of chil-
dren diagnosed with ASD. Authors suggested that various factors
including gastrointestinal and immune system could play a role in
response to diet interventions (11).

Furthermore, the gluten-free diet has recently been used for man-
agement of painful endometriosis-related symptoms. The Visual
Analogue Scale (VAS) was used to assess the painful symptoms
for dysmenorrhea, non-menstrual pelvic pain, and dyspareuniain
207 patients. A significant improvement was recorded in pain
symptoms in 156 patients (75%) after 12 months of diet. Interest-
ingly, a substantial increase in the scores for all domains of physi-
cal functioning, general health perception, vitality, social
functioning, and mental health was also recorded in all the pa-
tients (12). The mechanism of pain-related symptoms might be re-
lated to immune regulation of gut flora. It has been advocated that
gluten-free diet considerably contributes toward the improvement
of immunological response and alleviation of immunological dis-
eases severity.

Intestinal Microbiota, Immunological Milieu,
Acidic pH Water Milieu, and Gluten-Free Diet

In animal models, a gluten-free diet has been associated with sup-
pressing auto-inflammatory process, improving inflammatory cy-
tokine secretion, and altering intestinal microbiota leading to a
poor incidence of diabetes.

Dietary habits have a profound effect on both intestinal microbiota
and glycemia. In non-obese diabetic mice, a gluten-containing diet
was found to increase the prevalence of hyperglycemia, while the
gluten-free diet decreased it. Besides, the fecal microbiota was
also found to change according to the dietary contents. Bifidobac-
terium spp. were predominant in gluten-containing diet, whereas
in gluten-free diet Akkermansia spp. were prevalent (13).

The gluten-free diet has been associated with lower incidence and
delayed onset of diabetes after 320-day follow-up compared to
standard diet in mouse models (14).

In an interim three-week observation study, 9 out of 19 (47%) non-
obese diabetic mice on a standard diet developed diabetes, while
1 out of 19 (5%) developed diabetes on a gluten-free diet. This re-
duced diabetes occurrence could be attributed to the distinct fecal
bacterial composition (15).

It has been shown that mice on a gluten-free diet had lower in-
sulitis along with lower expression of natural killer group 2D
(NKG2D) on natural killer (NK) cells and CD8+ T cells in spleen, au-
ricular lymph nodes and pancreas-associated lymph nodes (16).
Alterations in intestinal microbiota have been indicated to reduce
the risk of diabetes in mice. The authors suggested that progres-
sion of type-1 diabetes to later stages might have been delayed by
early dietary management creating an acidic environment in ge-
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netically predisposed individuals (17). In murine models with type-
1 diabetes, the intestinal flora was shown to alter in favor of bac-
teroids in comparison to healthy controls (18, 19). The modified
composition of microflora apparently affects T cells especially in-
terleukin-17 (IL-17) producing T helper (T)) and regulatory T cells
(20-24). The T helper 17 (T,17) cells play a potential role in protect-
ing the pathogens and inducing inflammation and autoimmunity
(25-27), whereas regulatory T cells prevent inflammation and con-
fer immune tolerance (25, 28, 29). Recent studies have reported
that segmented filamentous bacteria played a crucial role in in-
ducing T,17 cells localized in lamina propria of infestinal mucosa
and lenfoid fissue (24, 30). Besides, increased IL-17 secreting T cells
have also been observed in newly started type-1 diabetes (31).
Furthermore, the consumption of acidic water has also been re-
ported to influence infestinal microbiota and the levels of T17 and
T regulatory cells. Such an alteration in the fluidic pH has also been
found to be associated with reduced occurrence of diabetes (17).
In a recent study, pregnant non-obese diabetic mice were fed on
a gluten-free diet and their off-spring were marked with increased
Akkermansia and Probacteria species. Further, the gluten-free fed
offspring reportedly exhibited increased regulatory T cells and re-
duced gene expression of intestinal pro-inflammatory cytokines.
In fetal and early postnatal stages, the gluten-free diet has been
witnessed to reduce the incidence of diabetes in mouse models
and it has been suggested that an altered intestinal microbiota
may transform the intestinal and pancreatic immunological milieu
to less inflammatory state (32).

It has been shown that the gut microbiota, type-1 diabetes inci-
dence and rate of disease progression are significantly affected by
the pH of water consumed. In acidic water, the transferred seg-
mented filamentous bacteria suppressed the incidence of insulitis
as well as type-1 diabetes in mice model (33).

These animal models advocate that intestinal microbiota play a
dominant role in stimulating the immunological response, and
acidic environment of intestine affects the gut microbiota and con-
sequently alters the immunological status.

Gluten-Free Diet in Human Studies

The controlled and follow-up studies conducted in humans con-
cerning gluten-free diet are scarce. In a recent study, 21 healthy
volunteers were subjected to a gluten-free diet and observed for
four weeks. After follow-up period, there was noticed a significant
difference in the gut microbiota, where the class of clostridia was
significantly reduced (34).

In human models, after a six-month of follow-up, the gluten-free
diet did not affect autoantibody titers in individuals at high risk of
type-1 diabetes. However, diet showed a beneficial effect on in-
sulin secretion in individuals at high risk for type—1 diabetes (35).
This could also be due to the limited follow-up period.

In a study carried out in Spain, about 10 healthy subjects were
followed over a month on gluten-free diet. In fecal analyses,
there was observed a significant reduction in Bifidobacterium
and Lactobacillus groups while the notable upsurge in Es-
cherichia coli and Enterobacteriaceae. Likewise, in a cytokine
analysis following the gluten-free diet, titration of cytokines TNF-

o, IFN-y; and the chemokine IL-8 were reported to decline sig-
nificantly (36).

In the light of recent evidence, the gluten-free diet may probably
change the gastric pH to the acidic leading to alteration in gut mi-
crobiota and cytokine production cells. The acidic environment cou-
pled with altered flora seems to reduce the diabetes incidence
associated with a gluten-free diet.

Although the human studies have revealed an association of
gluten-free diet with altered intestinal microbiota and improvement
in inflammatory cytokines production. However, further studies are
still required to evaluate the correlation between gluten-free diet
and infestinal microbiota composition and to determine their clin-
ical benefits in a comprehensive manner.

Conclusion

Diabetes mellitus displays an increasing prevalence throughout the
world. The consumption of floury foods containing gluten may be
responsible for the higher incidence of diabetes. The gluten-free
diet has shown a beneficial effect on stimulating an immunologi-
cal response in animal models and subsiding autoimmune dis-
ease in human beings by altering the intestinal flora. Gastric pH
and intestinal microbiota vary according to food consumption and
these alterations play important roles in abating the immunologi-
cal dysregulation. In relation to these conclusions, the gluten-free
diet has been revealed to reduce the incidence of diabetes in ani-
mal models and improve insulin response in human beings. How-
ever, further studies are still required to assess the cross-talks
between gluten-free diet, gastric pH, intestinal microbiota and pro-
gression of diabetes.
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