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Abstract

Gluten is the glutenin-gliadin protein complex pre-
senting in wheat, barley, rye and oat. Bread, cakes,
pasta, some sauces, salad dressings, even toothpastes
and cosmetic products include gluten. Gluten should
be removed from the diet in the treatment of glu-
ten-related diseases, such as celiac disease, non-celiac
gluten sensitivity, and gluten ataxia. Treatment of the
gluten-related diseases with the gluten-free diet has
positive effects because it normalizes mucosal histolo-
gy and relieves the clinical symptoms. While removing
gluten from diet is associated with clinical and histo-
logical improvements, poor adherence to gluten-free
diet is associated with lower quality of life and higher
risk of celiac-related symptoms and complications.

The gluten free diet is thought to be beneficial for the
other health problems too such as: dermatitis herpeti-
formis, schizophrenia and other mental disorders, ato-
py, fibromyalgia, endometriosis. The gluten-casein-free
diet can be beneficial for autism spectrum disorder in
some studies, but there is no conclusive evidence. The
gluten-free diet is also applied by people without glu-
ten-related disease and it has been popular recently.
The people who avoiding gluten without gluten-relat-
ed disease have applied to gluten-free diet for the fol-
lowing reasons: having a perceived gluten sensitivity,
the healthy option idea, being interested in gluten-free
products as a lifestyle. In long term, the gluten-free diet
in healthy people may cause the vitamin-mineral defi-
ciency, insufficient dietary fiber intake, constipation,
reduction in quality of life. Additionally, the advantag-
es and disadvantages of gluten-free products in terms
of nutritional values compared to their gluten-contain-
ing counterparts are not clear.

As aresult, the gluten-free diet is indicated only for de-
termined medical conditions, this diet is not suitable
for healthy populations. The interest in gluten-free diet
necessitates the studies of about acute and chronic ef-
fects of gluten-free diet in healthy individuals.

Key words: Gluten-free diet, Gluten-related diseases, Ef-
fects of gluten-free diet.

1. Introduction

Gluten is a protein complex which consist of glutenin
and gliadin existing in wheat, barley, oats, rye (Guanda-
lini and Polanco, [1]). Gluten proteins play an important
role in determining the quality of baking by providing
water absorption capacity, viscosity, cohesivity and
elasticity properties of the dough (Dizlek, [2], Wieser,
[3]). Several products such as bread, pasta, cakes, salad
dressings, some sauces, and even toothpastes and cos-
metic products involve gluten (Worosz and Wilson, [4]).

Celiac disease, an autoimmune enteropathy activated
by gluten exposure in genetically predisposed individ-
uals, is a lifetime intolerance to the gliadin fraction of
wheat and the prolamins of barley (hordeins), rye (se-
calins) and possibly oats (avidins) (Garnier-Lengline et
al., [5], Gallagher et al,, [6]). The prolamins are gluten
components responsible for immune-mediated re-
sponse. The gliadins are a group of glutamine and pro-
line rich proteins resistant to digestion in the gastroin-
testinal tract (Guandalini and Polanco, [1]).

Gluten should be removed from the diet in the treat-
ment of gluten-related diseases, such as celiac dis-
ease, non-celiac gluten sensitivity, and gluten ataxia.
Treatment of the gluten-related diseases with the glu-
ten-free diet has positive effects because it normalizes
mucosal histology and relieves the clinical symptoms
(Foschia et al.,, [7]). While removing gluten from diet
is associated with clinical and histological improve-
ments, poor adherence to gluten-free diet is associat-
ed with lower quality of life and higher risk of celiac-re-
lated symptoms and complications (Vivas et al., [8]).

The gluten-free diet is being applied except from indi-
viduals with gluten-related disease, too and has gained
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popularity recently. The different consumer types such
as consumers who state that they are interested in
gluten-free products as a lifestyle without diagnosis of
celiac disease and individuals with perceived gluten
sensitivity (individuals who claim to have gluten sensi-
tivity or celiac disease) consume gluten-free products
(Worosz and Wilson, [4]). The long-term effects of glu-
ten-free diet in individuals without celiac disease have
not been investigated yet. Besides, there are some con-
cerns for gluten-free diet. For instance, some nutrients
including iron, calcium and dietary fiber may be inade-
quate in gluten-free diet (Choung et al,, [9], Saturni et al,,
[10], and Thompson et al,, [11]). Additionally, it is stated
that children with celiac disease who treatment with
gluten-free diet consume more amounts of fat than
healthy children (Ferrara et al, [12]). Many gluten-free
products have higher amounts of fat, saturated fat, salt,
and lower amounts of vitamins and minerals than their
gluten-containing equivalents (Pellegrini and Agostoni,
[13]). In addition, it is observed that the commercial glu-
ten-free products are more expensive than their gluten
containing equivalents (Oyarzun et al., [14]).

The aim of this review is to provide information about
gluten free diet effects on general health and diet qual-
ity as well as effects on the gluten-related diseases.

2. What is the gluten-free diet?

Gluten free diet which is the treatment of celiac dis-
ease, was discovered in 1940s by the Dutch pediatri-
cian Willem-Karel Dicke (Gobbetti et al., [15], Mearin et
al,, [16]).

In gluten free diet, wheat, rye, barley and all derivatives
of these grains should be removed from the meal plan
(Green et al., [17], Leivers et al., [18]). The consumption
of oats in gluten-free diet is controversial due to the risk
of contamination with wheat, barley or rye during the
milling process. Therefore, it may safe to consume only
non-contaminated oats in gluten-free diet (Leivers et al.,
[18]). Rice, corn, buckwheat, millet, and quinoa can be
consumed in gluten-free diet (Green et al., [17]).

The non-contain gluten pseudo-cereals such as am-
aranth, buckwheat and quinoa are important for nu-
tritionally quality of the gluten-free diet. These glu-
ten-free grains include the high-quality protein, high
amounts of dietary fiber, the minerals such as calcium
and iron. These grains are also the source of many
bioactive compounds having beneficial effects on
health such as polyphenols, phytosterols, saponins
and squalene (Alvarez-Jubete et al., [19]). In a study
that analyzed the content of mineral (calcium, sodium,
magnesium, potassium, copper, manganese, zing, iron)
of the 50 gluten-free products was observed that the
gluten-free products obtained from buckwheat, millet,
chickpeas, oats, teff, amaranth and quinoa were have
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higher mineral contents than the gluten-free products
obtained from the most popular raw materials such as
rice, potato, corn and gluten-free wheat starch (Rybic-
ka and Gliszczynska-Swiglo, [20]). The adding of the
rich of nutritional value grains such as amaranth, qui-
noa, and buckwheat in gluten free diet will be benefi-
cial for health.

The commercial gluten-free products are available in
the market. Immunological analyses provide informa-
tion on the gluten content of foods and, according to
the law, all foods must be clearly labeled (Woodward,
[21]). According to Turkish Food Codex the “gluten free”
phrase can be used on condition that the gluten level
in the food to be presented to the consumer does not
exceed 20 mg/kg (Ministry of Food, Agriculture and
Livestock, [22]). According to the European Directive
from January 2012, a food can be labeled “gluten free”
if it contains less than 20 ppm of gluten (Woodward,
[21]). Although the tolerable gluten level varies indi-
vidually, it is important to exclude all dietary gluten in
the meal plan (Akobeng and Thomas [23], Woodward
[21]). Patients with celiac disease should cooperate
with the dietician/nutritionist in choosing the appro-
priate foods.

Gluten free diet requires essential and life-long chang-
es of the daily habits. This diet may be troublesome,
expensive and socially restrictive. These situations may
cause difficulties for adherence to gluten free diet and
may affect the quality of life of the patients. Global care
objectives for patients with celiac disease should focus
on improving physical symptoms and minimizing the
psychosocial effects of the disease (Herrera de Guise
and Casellas, [24]).

2.1 What are the areas of the usage gluten free diet?

Gluten is enriched from prolines and glutamines, and
as a consequence, it is incompletely digested by the
pancreatic, gastric and brush border peptidases, leav-
ing large peptides up to a length of 33 amino acids.
These peptides get in the lamina propria of the small
intestine through paracellular or transcellular path-
ways. In this area, in affected people, an adaptive im-
mune answer happens due to deamidation of gliadin
molecules by the tissue transglutaminase which is the
predominant autoantigen of celiac disease. Deamida-
tion enhances the immunogenicity of gliadin, facil-
itating binding to human leukocyte antigen -DQ2 or
-DQ8 molecules on antigen presenting cells. Gliadin
peptides are after presented to gliadin reactive CD4+T
cells. In this period, antibodies against the tissue trans-
glutaminase, gliadin are made via uncertain mecha-
nisms. These antibodies might promote to extra-intes-
tinal impressions of celiac disease, like gluten ataxia
and dermatitis herpetiformis (Kupfer and Jabri, [25],
Lebwohl et al., [26], and Schumann et al., [27]).



Journal of Hygienic Engineering and Design

Gluten-free diet should be practised in the treatment
of gluten-related diseases, such as celiac disease, glu-
ten ataxia, non-celiac gluten sensitivity and dermatitis
herpetiformis.

The celiac disease is a systemic, lasting lifelong, im-
mune-mediated disease that causes inflammation in
the small intestines activate by the consumption of glu-
ten (Foschia et al., [7], Krigel and Lebwohl [28]). Environ-
mental and genetic factors play role in the pathogenesis
of celiac disease (Leivers et al., [18]). The genetic factors
in celiac disease are human leukocyte antigen -DQ2 and
-DQ8 haplotypes; positive human leukocyte antigen
-DQ2 and/or -DQ8 may lead to destruction of villous
structure in small intestine (Foschia et al., [7], Leivers et
al,, [18], and Schumann et al,, [27]). The environmental
factors in celiac disease are lack of breastfeeding, inap-
propriate timing of complementary feeding, cesarean
delivery, gastrointestinal infections, using of antibiotics
(Lebwohl et al., [26], Leivers et al., [18]).

Non-celiac gluten sensitivity is a clinical phenotype of
individuals experiencing intestinal and non-intestinal
symptoms by consuming gluten-containing foods af-
ter a diagnosis of celiac disease or wheat allergy is ex-
cluded. The differences of non-celiac gluten sensitivity
from celiac disease; genetic and serological markers
are not known and duodenal villus atrophy is not seen
(Krigel and Lebwohl, [28]).

Gluten ataxia is defined as idiopathic sporadic ataxia
with positive serological markers for gluten sensitivity.
It is an autoimmune disease characterized by cerebel-
lum damage that results in ataxia (Sapone et al., [29]).

Dermatitis herpetiformis is a skin disease of gluten sen-
sitivity, presenting with blistering rash and pathogno-
monic cutaneous IgA deposits (Sapone et al., [29]). This
disease is characterized with urticarial plaques, blisters
on elbows, buttocks and knees, and it may also affect
other areas of the body (Foschia et al., [7]).

The medical nutrition therapy is gluten-free diet for the
gluten-related diseases such as celiac disease, non-ce-
liac gluten sensitivity, dermatitis herpetiformis and
gluten ataxia (Pietzak, [30]). The treatment of celiac dis-
ease and dermatitis herpetiformis with gluten-free diet
provides improvement in malabsorption, nutritional
deficiencies, symptoms and supplies to decrease in
comorbidities. The gluten-free diet is also beneficial to
reduce symptoms of non-celiac gluten sensitivity and
wheat allergy (Reilly, [31]).

Except for gluten-related diseases, gluten-free diet may
be helpful in cases of schizophrenia and other mental
disorders, atopy, fibromyalgia, endometriosis (Niland
and Cash, [32]). Although some studies have shown
benefits of the gluten-casein-free diet in the autism
spectrum disorder, there is no conclusive evidence for
its application (Mari-Bauset et al., [33]).

2.2 What are the possible effects of gluten-free diet
on health?

Adherence to gluten-free diet, the best standard in the
treatment of celiac disease, plays an important role in
alleviation of clinical symptoms, prevention of long-
term celiac disease-related complications, improve-
ment of nutritional status and quality of life (Bascuian
etal, [34]).

The gluten-free diet is also applied by people without
gluten-related disease and it has been popular recent-
ly. In United States of America, the National Health
and Nutrition Examination Survey (NHANES) 2009 -
2014 data, it was showed that although there was no
diagnosis of celiac disease, frequency of individuals
avoiding from gluten increased more than three-fold
(Choung etal., [9]).

Potential risks of gluten-free diet are: constipation,
undesired weight gain, missed diagnosis of celiac dis-
ease, nutrient deficits, quality of life impairment, and
potential for toxicity (Reilly, [31]).

The possible negative health effects of gluten-free diet
include hyperglycemia and increased risk of coronary
artery disease (Niland and Cash, [32]).

In a double-blind, randomized, cross-over design
study conducted with healthy adults was found that
gluten-free pasta obtained from rice and corn flour
was increased postprandial glycemia compared to
conventional wheat pasta (Johnston et al., [35]). In a
significant percentage of overweight/obese individu-
als with celiac disease, body weight may increase with
gluten-free diet. The reason for this situation is that
nutrient absorption may be increased by the improv-
ing of the intestinal surface with a gluten-free diet. It
should be determined whether weight gain may be
observed with gluten-free diet in individuals without
gluten sensitivity or celiac disease. The fact that a food
has a gluten-free label does not mean that it does not
contain energy. So, when consuming gluten-free prod-
ucts, energy contents should be considered. In addi-
tion, gluten free diet may be associated with weight
gain because itis poor in whole grains and dietary fiber
(Gaesser and Angadi, [36]).

Gluten-free diet has caused weight gain in under-
weight patients with celiac disease (has improved
body mass index) and has also supplied weight loss in
overweight/obese patients with celiac disease (Cheng
et al, [37]). Published report showing that gluten-free
diet is provided weight loss in individuals without glu-
ten sensitivity or celiac disease has not been found
(Gaesser and Angadi, [36]). In this context, it has been
suggested that the effects of gluten free diet on body
weight in healthy individuals should be evaluated
in the long term. In the prospective, long-term, co-
hort study of individuals without celiac disease, no
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relationship was found between dietary gluten intake
and risk of coronary heart disease. However, it should
be taken into consideration that due to reducing the
consumption of beneficial whole grains, the avoidance
of gluten may affect cardiovascular risk (Lebwohl et al,,
[38]). For these reasons, gluten-free diet is not recom-
mended except for gluten-related diseases.

Besides, not consuming sufficient diversity of glu-
ten-free products are considered to be risk for toxins.
This is due to the fact that rice, which may be effective
in the consummation of inorganic arsenic, commonly
exists in gluten-free processed products (Reilly, [31]).

2.3 What are the possible effects of gluten-free diet
on diet quality?

The nutritional status of celiac patients in the diagno-
sis depends on the length of the active period of the
disease, the degree of intestinal inflammation, the
degree of malabsorption and the dietary intake of the
patients. The commonly seen nutritional deficiencies
of the patients at the time of diagnosis celiac involve
the deficiencies of iron, calcium, zinc, vitamin B12 and
folate. After diagnosis of celiac disease, to adherence
gluten-free diet has reduced the symptoms, serum
antibodies have been become normal level and has
been improved the intestinal mucosa. Therefore, nu-
tritional status of patients with celiac disease applying
gluten-free diet is influenced by nutrient quality of
gluten-free products and nutritional preferences of the
patients (Melini and Melini, [39]).

The negative effects of gluten-free diet in terms of diet
quality are inadequate intake of micronutrients and di-
etary fiber, increased consumption of the foods which
have high fat content (Niland and Cash, [32]). Outcomes
of gluten-free diet consumption are to decrease in in-
take of complex carbohydrates, dietary fiber, vitamins
and minerals and to increase in fat intake (Rosell and
Matos, [40]). In a study that investigated of the pack-
aged food labels was observed that the gluten-free
products had higher fat and carbohydrate contents
and had lower protein content than gluten-containing
products (Kulai and Rashid, [41]). In another study was
found that the amounts of thiamine, riboflavin, niacin,
folate and iron of gluten-free products were lower than
gluten-containing products (Thompson [42, 43]).

Unbalanced dietary intake of individuals with celiac
disease in terms of both macro- and micronutrients is
concerned. Unbalanced nutrient intake by increased
protein and fat ingestion and by decreased carbohy-
drate consumption is seen in individuals with celiac
disease (Mariani et al, [44]). In a case-control study
evaluating nutritional habits by non-consecutive 3
day-food intake record of celiac and healthy individ-
uals was found that the celiac individuals had higher
consumption of added sugar and total fat compared to
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the control group. Furthermore, it was observed that
the celiac individuals consumed protein-rich foods
such as meat, fish, eggs higher and consumed starch-
rich foods lower (Babio et al., [45]). In Turkey, in a study
was found that the individuals with celiac disease con-
sumed lower energy, protein and higher fat compared
to healthy control individuals (Balamtekin et al., [46]).
Additionally, the patients with celiac disease have con-
sumed lower amounts of minerals such as calcium,
iron, magnesium, zinc and they have also consumed
lower amounts of vitamins such as vitamin E, folic acid,
thiamine compared to the healthy individuals (Babio et
al,, [45], Balamtekin et al., [46]).

There is concern about commercial or natural glu-
ten-free foods are unbalanced in terms of nutrients
and have hypercaloric content (Pellegrini and Agosto-
ni, [13]). In United Kingdom, in a study were classified
gluten-free and gluten-containing foods according to
their fat, saturated fatty acids, sugar and salt content
using the food labels. As a result, although not consis-
tent, it was stated that more gluten-free foods were
classified as containing high and medium fat, satu-
rated fatty acids, salt and sugar compared to the glu-
ten-containing foods (Fry et al., [47]). In Canada, when
examining gluten-free products and gluten-contain-
ing products which targeting children consumers, it
was found that generally the gluten-free products had
lower levels of sodium, protein, total fat and saturated
fat contents. However, it was also found that the per-
centage of energy from sugar was similar between the
gluten-free products and the gluten-containing prod-
ucts (Elliott, [48]). In Italy, in a study was observed that
the gluten-free products were lower protein content
compared to gluten-containing products in all food
groups, and there was no difference in the content of
total fat between the products according to status of
including gluten. It was also found that the amount
of saturated fat in the gluten-free biscuit and pasta
groups was higher. In the same study was stated that
the total energy content was lower in the gluten-free
bread group and higher in the gluten-free pasta group.
Moreover, it was found that salt content was higher in
gluten-free pasta and rusks and lower in gluten-free
biscuits (Cornicelli et al., [49]). These results have shown
that nutrient content of gluten-free products and glu-
ten-containing products may vary according to food
groups and countries.

For a patient with celiac, whether or not a food con-
tains gluten may be more important than nutritional
quality of food. However, the importance of nutri-
tional quality should also be kept in mind. Dietitians
should consider the dietary quality when examining
the adherence to gluten-free diet of patients with ce-
liac disease. Evaluation of consumption of vegetables
and fruits, protein intake, addition of gluten-free grains
to the diet, attention to intake of sugar and fat will be
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beneficial for improving the dietary quality of people
with celiac disease.

In addition to these, gluten-free diet has also negative
socio-economic impacts such as increased econom-
ic costs and social difficulties (Niland and Cash, [32]).
For instance, Arias-Gastelum et al, [50], found that
gluten-free products were more expensive than glu-
ten-containing products.

3. Conclusions

- Even though gluten-free diet is safe and effective, it is
indicated only for specific medical conditions, it is not
appropriate in the general population.

- There is a need for comprehensive long-term studies
on the effects of gluten-free diet on healthy individuals.
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