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ABSTRACT

Celiac disease is characterized by nutritional imbalances due to intestinal inflammation caused by gluten,
which hinders the absorption of essential nutrients. Iron deficiency anemia is common, as well as the lack
of vitamins and minerals, some of which are reversed with a gluten-free diet. Andean foods constitute
an option in the diet of celiac patients due to their high nutritional quality in proteins, carbohydrates,
vitamins, minerals, and fiber, which are generally deficient nutrients. Studies suggest that products such
as quinoa, corn, and rice can be viable substitutes in baking, extruded products, and beverages, offering
nutritious and acceptable options. However, despite the positive trend towards including these foods
in the diet of people with CD, challenges are identified, such as nutritional education to promote their
consumption. In conclusion, it is suggested that Andean nutrition and food offer valuable options for
people with CD, but effective strategies are needed to integrate them into patients’ diets.
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RESUMEN

La enfermedad celiaca se caracteriza por desequilibrios nutricionales debido a la inflamacion intestinal
causada por el gluten, lo que dificulta la absorcidon de nutrientes esenciales. La anemia por deficiencia de
hierro es comun, asi como la falta de vitaminas y minerales, algunos de los cuales se revierten con una
dieta libre de gluten. Los alimentos andinos se constituyen en una opcion en la dieta de los pacientes
celiacos por su alta calidad nutricional en proteinas, carbohidratos, vitaminas, minerales y fibra, que
generalmente son nutrientes deficitarios. Estudios sugieren que productos como la quinua, el maiz y el
arroz pueden ser sustitutos viables en la panificacion, extruidos y bebidas, ofreciendo opciones nutritivas
y aceptables. Sin embargo, a pesar de la tendencia positiva hacia la inclusion de estos alimentos en
la dieta de personas con EC, se identifican desafios, como la educacion nutricional para promover su
consumo. En conclusion, se sugiere que la nutricion y la alimentacion andina ofrecen opciones valiosas
para personas con EC, pero se necesita desarrollar estrategias efectivas para su integracion en la dieta
de los pacientes.
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NTRODUCTION

Celiac disease (CD) is an autoimmune condition that affects approximately 1 % of the world’s population.
™ For individuals diagnosed with CD, adherence to a strict gluten-free diet is essential to prevent intestinal
inflammation and associated complications.® However, implementing this diet can be particularly challenging
in cultural contexts where traditional foods are inherently gluten-rich.

Andean region foods, spanning countries such as Bolivia, Colombia, Ecuador, Peru, and Chile, have been
a fundamental part of indigenous populations’ diets for thousands of years, offering a rich culinary tradition
based on various naturally gluten-free foods. This ancestral diet, known as the Andean diet, includes various
grains, tubers, fruits, and vegetables, offering a unique nutritional composition and a range of health benefits.
These foods can be an excellent option for people with celiac disease as they provide a wide range of essential
nutrients. Quinoa (Chenopodium quinoa Willd.), for example, is a pseudocereal recognized worldwide for its
excellent source of high-quality proteins, containing all the essential amino acids the body needs, mainly lysine
and methionine.® It is rich in B-complex vitamins, minerals such as iron, magnesium, phosphorus, and zinc, and
antioxidants, making it potentially beneficial for health. >

Amaranth or kiwicha is another cereal that, like quinoa, is an important source of proteins and minerals such
as calcium, iron, magnesium, phosphorus, and potassium. It contains fiber and healthy fats, such as linoleic acid,
which can help reduce cholesterol and protect heart health. Potatoes are a staple food in many Andean diets
and are an excellent source of carbohydrates, fiber, potassium, vitamin B6, and vitamin C. Additionally, they
have a variety of antioxidants that can help protect against chronic diseases such as heart disease and cancer.
© Melloco is rich in complex carbohydrates, fiber, vitamin C, calcium, iron, and antioxidants. Additionally, it
contains resistant starch, which can benefit intestinal health and help control blood sugar levels. Corn provides
more than 10 % of the recommended daily intake of phosphorus, magnesium, potassium, vitamin C, and B
vitamins folate, thiamine, and B12, and is also a good source of provitamin A, vitamin E, iron, manganese,
selenium, sodium, and zinc.?

All of these foods, known for their numerous health benefits, are gluten-free, making them an ideal option
for people with celiac disease. However, despite their potential to meet the nutritional needs of these patients,
the integration of Andean foods into the diet has not yet been fully explored. Therefore, it is interesting to
address this knowledge gap by synthesizing the available evidence on Andean nutritional and dietary trends for
people with CD, as they are not only delicious but also an invaluable source of nutrients that can improve health
and overall well-being. The objective of this study is to synthesize the available evidence on Andean nutritional
and dietary trends, in order to provide a solid foundation for future research on nutrition in celiac disease.

METHOD
To carry out this review, a process of searching and selecting studies was followed in several stages:

Identification of relevant literature
An exhaustive search was conducted in electronic databases, including PubMed, Scopus, Web of Science,
and Google Scholar, using search terms related to “celiac disease,” “nutrition,” “nutritional imbalances,”
[{3 1$1 5~ 3 9 « : 9 « 3 9 &« 9 « &« - ” 3
nutritional deficiencies,” “Andean diet,” “quinoa,” “amaranth,” “purple corn,” “canihua,” and their synonyms.
The reference lists of relevant articles and previous reviews were also reviewed to identify additional studies.

Inclusion and exclusion criteria

The following inclusion criteria were considered: research addressing the relationship between the Andean
diet and celiac disease, availability of information on the nutritional composition and benefits of Andean
foods for health, and articles published in English or Spanish. Studies that did not meet these criteria or were
inconclusive reviews were excluded.

Data extraction
Relevant data were extracted from the reviewed articles, including author(s), year of publication, study
design, study population, main results, and/or conclusions.

RESULTS AND DISCUSSION
After conducting a search in the selected databases, those that met the established inclusion criteria were
identified, obtaining the following results:

Nutritional imbalances inherent in celiac disease

The main nutritional deficiencies in people with celiac disease are due to intestinal inflammation resulting
from gluten consumption. This inflammation hinders the absorption of essential nutrients, among the most
common being the following:

Iron deficiencies leading to anemia, affecting up to 32 % of celiac adults,® as iron is a mineral primarily
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absorbed in the proximal small intestine.® Quantification of ferritin levels could confirm a diagnosis of celiac
disease when all other common causes have been ruled out."? Patients with celiac disease may also be deficient
in fat-soluble vitamins (A, D, E, and K) due to poor fat absorption, which can also lead to weight loss. The lack
of vitamin D, for example, important in calcium metabolism, and whose levels are affected by enteropathies,?
would cause bone demineralization and osteoporosis."® This poor absorption mainly occurs in untreated celiac
patients.

The deficiency of vitamin B6, important in amino acid metabolism, hemoglobin, and neurotransmitter
synthesis and gene expression,¥ is also common in these patients, so supplementation is required in cases
where poor absorption is recorded.

Another common deficiency is vitamin B12, affecting approximately 12 to 41 % of them. This may be due to
various factors such as involvement of the terminal ileum,™ an area of the intestine that is usually damaged
in most celiac patients, pancreatic insufficiency, " and/or concomitant autoimmune gastritis that generally
occurs in 10 % of these patients." These would be the main reasons why the absorption of B12 or cobalamin
becomes difficult even with an adequate diet, leading to possible neurological consequences, so it is necessary
to monitor the levels of this vitamin and provide supplementation if necessary.

Another deficiency of micronutrients is copper, selenium, and zinc; however, this deficiency is reversed with
a gluten-free diet.™®

Folic acid," which is transported to the liver after methylation for subsequent systemic circulation, is
interrupted in celiac enteropathy, necessitating supplementation.®

Low dietary fiber intake in these patients affects intestinal health and digestive function.®”

Additional medical conditions related to celiac disease include:

Celiac disease can increase the risk of developing lactose intolerance due to damage to the small intestine,
intestinal inflammation, or genetic predisposition. A study found that lactose intolerance was more common in
untreated celiac disease patients,?" and most celiac children with lactose intolerance at the beginning of the
study experienced improvement or remission after following a gluten-free diet.®

Several authors also indicate growth delay associated with celiac disease, especially when celiac children
are not properly treated. @425

Another issue is glucose intolerance, which was found to be more common in untreated celiac disease
patients than in the general population.@"26:27)

Cross-sectional studies indicate that bone fractures in celiac patients are higher compared to the general
population, with approximately a 30 % increased risk of any fracture and a 69 % increased risk of hip fracture.®®

Studies also point to the association between celiac disease and skin problems such as dermatitis
herpetiformis, a skin condition characterized by blistering and itchy eruptions due to gluten sensitivity.®”

Similarly, celiac patients have a higher risk of developing autoimmune disorders such as autoimmune
thyroiditis, type 1 diabetes, rheumatoid arthritis, and Addison’s disease, among others.

Individuals with celiac disease were found to have a higher risk of developing autoimmune thyroid disease
compared to healthy controls, suggesting an association between the two conditions. 303,32

Some celiac patients may experience neurological disorders such as peripheral neuropathy, ataxia, epilepsy,
and migraines, although the exact connection between these disorders and celiac disease is not always clear. 334

Several studies also indicate that up to 50 % of untreated celiac women have a higher risk of infertility,
miscarriages, and premature births, although the exact mechanisms are not fully understood. The first studies
on the relationship between celiac disease and infertility were conducted by Morris et al. in 1970, where a
group of untreated celiac patients with unexplained infertility was studied. However, they also explained the
reversal of infertility after a GFD in women with celiac disease. %3637

Finally, research indicates the relationship between celiac disease and low levels of body mass and body fat
percentage compared to non-celiac individuals, although the results are still inconclusive. (383940

The Role of Andean Foods in the Celiac Diet

A gluten-free diet often involves lower fiber intake, as products are generally made with starch and refined
flours,“" which apparently have low nutritional quality.“” Hence the importance of reviewing the availability,
access, and safety of Andean foods in the diet of celiac patients. Below are some gluten-free foods that use
Andean products.

Bakery Products

Partial or total substitution of wheat flour with Quinoa (8 to 35 %), corn (14 %), rice (32 %) was studied by
some authors.™ 8 However, no research has been found using quinoa flour in the formulation of foods for
celiacs, probably because they lack the textural properties that gluten provides to wheat-based doughs. Other
mixtures used are 50:50 and 60:40 corn-cassava starches using milk or water as a liquid medium. But they have
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lower moisture, protein, and fat contents, higher carbohydrate contents. Their acceptability was 84 % and 97
%.“2 In another study, rice flour was used with 10 % substitution by pre-gelatinized flour by extrusion, showing
greater gumminess, cohesiveness,® and hardness with 40 % acceptability.

Extruded

A study conducted by Aponte (2022) developed an energy bar with Andean foods:

60,0 % corn, 19,0 % rice, 15,0 % amaranth, and 6,0 % protein concentrate, with the addition of sugar, glucose,
and coconut, highlighting the protein content, good digestibility, and 93 % acceptability.“ Another study used
quinoa and amaranth oats (50:50:72g) with the addition of 49g of powdered milk. Similarly, the percentage of
protein, fiber, and carbohydrates, with good acceptability. >

Non-Dairy Alternatives

In recent years, interest in non-dairy alternatives has grown significantly due to dietary concerns, allergies,
lactose intolerance, and vegan preferences. Among these, quinoa milk stands out due to its high protein content
and essential amino acid profile. Originating from the Andes, quinoa is known for its extensive nutritional
benefits, which are effectively translated when processed into a beverage.“ Quinoa milk is particularly
valuable for its high protein content, surpassing many other plant-based beverages. Additionally, it is rich in
fiber, antioxidants, vitamins (such as vitamin E and the B complex), and minerals, including iron, magnesium,
and calcium.“) Quinoa milk is gluten-free and is a suitable option for people with celiac disease or gluten
sensitivity. Furthermore, since it is of plant origin, it is suitable for vegans and people with lactose intolerance
or cow’s milk protein allergy. The approximate nutritional composition per 100 grams of quinoa milk is as
follows: Energy: Around 40-50 calories. Proteins: Between 0,5 and 1 gram. Carbohydrates: Approximately 8-9
grams. Fats: Around 1 gram. Fiber: Less than 0,5 grams. Sugars: Around 5 grams, depending on whether sugars
are added during processing. Calcium: If fortified, it may contain around 120 mg (this varies significantly
depending on fortification). Iron: A small amount, around 0,4 mg.“"

Consuming quinoa milk can offer several health benefits, such as improving lipid and glycemic profiles,
strengthening bone mass, and supporting weight management. Studies suggest that including quinoa in the diet
could help reduce the risk of various chronic diseases, including cardiovascular diseases and type 2 diabetes.“®

In terms of availability and acceptability of these foods, there is a positive trend towards their inclusion in
the diet of people with celiac disease. However, challenges were also identified, such as nutritional education
to promote their consumption among patients and healthcare professionals.

In summary, the results of this review suggest that Andean nutrition and food offer valuable options for
people with celiac disease. However, further research is needed to fully understand the role of these foods in
managing celiac disease and to develop effective strategies for their integration into patients’ diets.

CONCLUSION

Andean foods are an excellent option for people with celiac disease, as they are naturally gluten-free and
rich in nutrients, such as complex carbohydrates (quinoa, amaranth, melloco), which provide sustained energy,
making them a healthy choice for the celiac diet. Andean foods also provide high-quality proteins, as they
contain all essential amino acids, which makes them beneficial for the celiac diet (quinoa, amaranth, chocho).
Additionally, Andean foods are a good source of vitamins and minerals. These foods can help control celiac
disease, improve digestion, and provide sustained energy. Incorporating these foods into the diet can be an
excellent way to harness their long-term health benefits.
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