ZALIWSKA, Dominika, KRASZKIEWICZ, Adrianna, KIENANH DO, Monika, PADUSZYNSKA, Natalia, GONCIARZ, Marta
Justyna, ADAMIEC, Dominika Karolina, STROJNY, Agnieszka Aleksandra, DABROWSKA, Anna, KAMINSKA, Monika Anna
and CZACH, Magdalena. The effect of a gluten-free diet in patients with autoimmune thyroiditis, type 1 diabetes mellitus, psoriasis,
metabolic syndrome and without gluten-related disorder - a literature review. Quality in Sport. 2024;16:52866. eISSN 2450-3118.
https://dx.doi.org/10.12775/0QS.2024.16.52866

https://apcz.umk.pl/QS/article/view/52866

The journal has been 20 points in the Ministry of Higher Education and Science of Poland parametric evaluation. Annex to the
announcement of the Minister of Higher Education and Science of 05.01.2024. No. 32553.

Has a Journal's Unique Identifier: 201398. Scientific disciplines assigned: Economics and finance (Field of social sciences); Management
and Quality Sciences (Field of social sciences).

Punkty Ministerialne z 2019 - aktualny rok 20 punktow. Zalacznik do komunikatu Ministra Szkolnictwa Wyzszego i Nauki z dnia
05.01.2024 r. Lp. 32553. Posiada Unikatowy Identyfikator Czasopisma: 201398.

Przypisane dyscypliny naukowe: Ekonomia i finanse (Dziedzina nauk spotecznych); Nauki o zarzadzaniu i jako$ci (Dziedzina nauk
spotecznych).

© The Authors 2024;

This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland

Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium, provided the original author (s) and source are credited. This is an open
access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike.
(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any
medium, provided the work is properly cited.

The authors declare that there is no conflict of interests regarding the publication of this paper.

Received: 24.06.2024. Revised: 15.07.2024. Accepted: 15.07.2024. Published: 16.07.2024.

The effect of a gluten-free diet in patients with autoimmune thyroiditis, type 1 diabetes
mellitus, psoriasis, metabolic syndrome and without gluten-related disorder - a

literature review

1. Dominika Zaliwska [DZ], dzaliwska@gmail.com

University Clinical Hospital in Poznan, Przybyszewskiego 49, 60-355 Poznan, Poland

https://orcid.org/0009-0009-1423-7918

2. Adrianna Kraszkiewicz [AK], ada.kraszkiewicz@gmail.com

University Clinical Hospital in Poznan, Przybyszewskiego 49, 60-355 Poznan, Poland

https://orcid.org/0009-0008-4746-903X

3. Monika Kienanh Do [MKD], mkienanh@gmail.com

Independent Public Complex of Health Care Facilities, Marshal Jozef Pitsudski in Plonsk,
Henryka Sienkiewicz 7, 09-100 Ptonsk

https://orcid.org/0009-0000-3155-0513



https://orcid.org/0009-0009-1423-7918
https://orcid.org/0009-0008-4746-903X
https://orcid.org/0009-0000-3155-0513
https://dx.doi.org/10.12775/QS.2024.16.52866
https://apcz.umk.pl/QS/article/view/52866

4. Natalia Paduszynska [NP], natalia_paduszynska@onet.eu

Dr Anna Gostynska Wolski Hospital, Independent Public Health Care Institution, Marcina
Kasprzaka 17, 01-211 Warsaw, Poland

https://orcid.org/0000-0001-9953-662X

5. Marta Justyna Gonciarz [MJG], marta.gonciarz1(@gmail.com

Dr Anna Gostynska Wolski Hospital, Independent Public Health Care Institution, Marcina
Kasprzaka 17, 01-211 Warsaw, Poland

https://orcid.org/0009-0006-7746-1237

6. Dominika Karolina Adamiec [DKA], dominikaa.adamiec@gmail.com

Dr Anna Gostynska Wolski Hospital, Independent Public Health Care Institution, Marcina
Kasprzaka 17, 01-211 Warsaw, Poland

https://orcid.org/0009-0008-5975-3927

7. Agnieszka Aleksandra Strojny [AAS], agnieszkastrojny@icloud.com

Saint Sophia Hospital, Zelazna 90, 01-004 Warsaw, Poland

https://orcid.org/0000-0003-0893-1881

8. Anna Dabrowska [AD], annaalicjadabrowska06(@gmail.com

Dr Anna Gostynska Wolski Hospital, Independent Public Health Care Institution, Marcina
Kasprzaka 17, 01-211 Warsaw, Poland

https://orcid.org/0009-0003-2289-5909

9. Monika Anna Kaminska [MAK], monika.anna.kaminskal @gmail.com

Independent Public Clinical Hospital Witolda Orlowskiego, Czerniakowska 231, 00-416

Warsaw, Poland

https://orcid.org/0009-0004-3955-4710

10. Magdalena Czach [MC], magdalena.czach@op.pl

LUX MED, Postepu 21C, 02-676 Warsaw, Poland

https://orcid.org/0009-0009-3786-5706

Corresponding author: Dominika Zaliwska, dzaliwska@gmail.com


https://orcid.org/0000-0001-9953-662X
https://orcid.org/0009-0006-7746-1237
https://orcid.org/0009-0008-5975-3927
https://orcid.org/0000-0003-0893-1881
https://orcid.org/0009-0003-2289-5909
https://orcid.org/0009-0004-3955-4710
https://orcid.org/0009-0009-3786-5706

Abstract

Introduction and aim of the study: The growing awareness of gluten-related disorders has
led to widespread misinformation about the gluten-free diet(GFD). The potential benefits of
removing gluten are not well evaluated, yet it is often recommended or self-implemented by
patients without robust supporting evidence. This paper aims to determine whether
eliminating gluten from the diet provides proven benefits for individuals with specific
diseases, including autoimmune thyroiditis (AIT), type 1 diabetes (T1D), psoriasis, and
metabolic syndrome, who do not have a diagnosed gluten-related disorder.

Description of the state of knowledge: Adhering to a gluten-free diet may benefit patients
with AIT and TID even without celiac disease, although there is no clear evidence that it
alleviates AIT or T1D symptoms and the improvements are not significant enough to
recommend it universally. Further research on humans is needed to explore the potential
preventive effect of GFD on T1D risk and prolonging partial remission. For psoriasis, a GFD
can be beneficial for patients with gluten-related antibodies, potentially reducing or clearing
skin lesions, but it shows no benefit for those without these antibodies. The data on the GFD's

impact on cardiovascular disease remains contradictory and unreliable.

Conclusion: For psoriasis patients who test positive for gluten-related antibodies, a gluten-
free diet can be recommended. Current studies do not substantiate the necessity for patients

with AIT, T1D or metabolic syndrome to completely eliminate gluten from their diet.

Keywords: gluten-free diet; autoimmune thyroiditis; diabetes mellitus type 1; psoriasis;

cardiovascular risk; exclusion diet

Introduction and Purpose

With the increasing recognition of gluten/wheat-related disorders in both academic and
clinical circles over the past few decades, misinformation about the gluten-free diet (GFD)

and its effects on health has proliferated among the general public. The potential benefits of



removing gluten have not been adequately evaluated, yet recently it is frequently
recommended despite lacking robust evidence to support it [1].

The aim of this paper is to assess whether, according to the current state of knowledge, there
are proven benefits of eliminating gluten from the diet in subjects with selected diseases, but
with no diagnosis of a concomitant gluten-related disorder. Based on available sources, the
diseases we discussed include autoimmune thyroiditis, diabetes mellitus type 1, metabolic
syndrome and cardiovascular risk.

The major aspects we focused on are prevention and management of the disease, differences

in laboratory manifestation, clinical course as well as potential adverse events.
Material and Methodology

A literature search was conducted on PubMed and Google Scholar, with particular attention
to papers published from 2019 to 2024. The studies concerning patients with a coexisting
gluten-related disorder diagnosis were excluded from the final analysis. Literature was
screened using the following keywords “gluten free diet AND non-celiac”, “gluten free diet
AND thyroiditis”,“gluten free AND diabetes mellitus”, “gluten free AND psoriasis”, “gluten
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free AND metabolic syndrome”, “ gluten free diet AND autoimmunity

29 ¢¢

gluten free diet
AND autoimmune diseases”. Manual searches of bibliographies of the articles were also
performed to identify additional studies to be included. We focused on population-based

cohort studies, clinical trials examining the therapeutic benefit of a gluten-free diet.

State of knowledge
1. Gluten and its effect on the human intestine

Gluten is a mix of proteins found in many cereal species that constitute the basis of the
human diet, such as wheat and its species (namely gliadin and glutenin), rye (secalin and
secalinin), barley (hordein and hordenin) as well as oats (avenin and avenalin). These
proteins contain many amino acid repeats, particularly rich in proline and glutamine, and are
resistant to intestinal proteases [2,3]. As a consequence, incomplete digestion leading to
creation of residues can cause an activation of the immune system, increase intestinal
permeability and trigger gluten-related disorders in genetically predisposed subjects [4].

Recently, increased intestinal permeability, sometimes referred to as “leaky gut” has also

been associated with the pathogenesis of chronic inflammatory diseases (CID). Enterocytes



secrete zonulin, a pivotal modulator of barrier integrity that removes a component of
intercellular tight junction - the zonula occludens 1 [5]. Its secretion is triggered
predominantly by two factors - bacteria overgrowth and gluten. Gliadin activates the CXCR3
receptor and triggers zonulin release via its interaction with MyD88 (myeloid differentiation
primary response 88), subsequently leading to increased gut permeability. This suggests that
gluten is mistakenly identified by the zonulin pathway as a potentially harmful component of
a microorganism [6]. In healthy tissue the excessive production of zonulin is temporary,
however in genetically predisposed patients it can be up-regulated resulting in increased
antigen trafficking and a breakdown of tolerance, which leads to CID. Thus, eliminating

gluten-containing foods is sometimes claimed to be advantageous [1].

2. Gluten-free diet

Gluten free diet requires the total elimination of gluten-containing foods, including the gluten
proteins found in wheat, kamut, triticale, barley, rye, oats, and other similar grains. The diet is
recommended for various gluten-related disorders and the list of cereals that must be
excluded depends on the specific disorder affecting the patient [4]. Due to these dietary
limitations, patients are advised to replace gluten-containing foods with gluten-free sources of
carbohydrates (such as rice, corn, quinoa, legumes, buckwheat), nutritious foods (vegetables,
fruits, fish, meat) and even artificial products. Gluten free products, defined as containing less
than 20 ppm of gluten, taking into account potential contamination during the manufacturing
process, are also at times richer in saturated fat, sugar and salt [7] and have reduced levels of
proteins, fiber, and vitamins, e.g. 25-hydroxyvitamin D (25(OH)D) [8]. A gluten-free diet has
often been linked to a higher risk of micronutrient deficiencies, hyperlipidemia,
hyperglycemia, and coronary artery disease [9].

In contrast, some studies indicate that young healthy individuals who avoid gluten generally
have a better nutritional profile, likely because they pay more attention to maintaining a
healthy lifestyle by avoiding processed foods and increasing their intake of fruits and
vegetables. However, they were also more prone to adopt unhealthy weight control practices
[10].

An additional point to consider is the impact of a gluten-free regimen on gut microbiota, as it
also plays a role in the intestinal permeability. Current evidence indicates that GFD can

decrease bacterial diversity and alter the composition of the gut microbiota, particularly in



healthy individuals, leading to a reduction in probiotic species like Bifidobacteria and an
increase in opportunistic pathogens such as Enterobacteriaceae and Escherichia coli [4,11].

In Europe, we have been witnessing a growing demand for gluten-free bakery products in the
past few years and it is still expected to rise during the forecast period 2024-2029 [12]. This
trend demonstrates the increasing popularity of the GFD.

With the growing variety and accessibility of gluten-free products, concerns regarding the

healthfulness of a gluten-free diet cannot be overlooked [1].

3. Gluten-related disorders

Gluten-related disorders(GRD) encompass a spectrum of conditions evoked by ingestion of
gluten, that include celiac disease (CD), non-celiac gluten/wheat sensitivity, wheat allergy,
dermatitis herpetiformis and gluten ataxia [13,14,15,16,17]. The effectiveness of the GFD
has been extensively studied and lifelong adherence is the optimal treatment for individuals
with CD to achieve clinical and histological remission [18]. Patients with other GRD should

avoid most gluten-containing cereals, but some may tolerate certain grains [4,15].
4. Autoimmune thyroiditis

Autoimmune thyroiditis (AIT), also known as chronic lymphocytic thyroiditis or
Hashimoto’s thyroiditis (HT), is a chronic inflammation of the thyroid gland, whose exact
cause is not fully understood. It is the most common autoimmune disease and endocrine
disorder, and the leading cause of hypothyroidism in iodine-sufficient countries. The
incidence of HT is on the rise. Diagnosis is based on positive circulating thyroid
autoantibodies, anti-thyroid peroxidase antibodies (TPOAD) and anti-thyroglobulin antibodies
(TgAb), and imaging tests showing hypoechogenic inhomogeneous thyroid structure.
Pathogenesis involves intrathyroidal infiltration of T and B cells, leading to chronic
inflammation, fibrosis, and thyroid tissue atrophy. This can result in various thyroid
functional states, ranging from euthyroid to overt hypothyroidism, characterized by increased
TSH and decreased free thyroid hormone levels.

HT can negatively affect quality of life due to its impact on basal metabolism, carbohydrate,
protein, fat metabolism, and thermogenesis. Clinical symptoms vary widely but can include

concentration problems, chronic fatigue, weakness, dry skin, changes in body weight,



constipation, mood disorders, and anxiety. The exact mechanisms underlying its pathogenesis
involve a complex interplay of genetic and environmental factors, including iodine intake,
infections, certain medications, smoking, alcohol consumption, and stress.

Treatment involves lifelong oral administration of synthetic thyroid hormone levothyroxine
to maintain normal TSH levels. Additionally, it has been proven that supplementation of
selenium may help decrease TPOAD levels and vitamin D positively impacts the course of the
disease [19].

Several studies have investigated whether introducing a gluten-free diet (GFD) could benefit
patients with autoimmune thyroiditis (AIT).

In a pilot study involving 34 women with HT, Krysiak et al. observed that in the study
group(n=16), the gluten-free diet led to a reduction in serum titers of TPOAb and TgAb and a
slight increase in 25(OH)D levels. The TPOAb level correlated with 25(OH)D concentration.
However, there were no changes in TSH, fT3, and fT4 levels after following the gluten-free
diet [20].

Poblocki et al., in a 62 caucasian women study during a 12-month follow-up between the
control group and the gluten-free diet group, found no differences in anti-TPO and TGADb,
fT3 or fT4 levels, except for a significant decrease in TSH levels in the GFD group.
Additionally, they performed statistical analysis separately for both groups that showed a
constant reduction of anti-TG levels and a slight decrease in TSH concentration after 12
months in the group eliminating gluten [21].

In another study, a group of researchers examined the effect of selenium supplementation
paired with a gluten-free diet in drug-naive women with autoimmune thyroiditis in a state of
subclinical hypothyroidism (SH) compared to exclusive supplementation of selenium and no
dietary treatment in a control group. By the end of the study that lasted 6 months,
euthyroidism was achieved in 37 out of 50 participants (74%) in the study group and in 28
out of 48 participants (58.3%) in the control group. TSH, TPOAb and TgAb levels were
significantly diminished in both groups, although serum TPOAb level in the GFD group was
significantly more reduced (by 49%) than in those who supplemented selenium only (by
34%). Thus, these results suggest that selenium supplementation paired with a gluten-free
diet is more effective in reducing levels of TSH, TPOAb and TgAb in Hashimoto women
with SH than supplementing selenium alone [22].

When it comes to clinical manifestation, there is no evidence to suggest that adhering to a

gluten-free diet alleviates other symptoms of autoimmune thyroid disease [23].



In an overview, Mikulska et al. concluded that the evidence to support a gluten-free diet for

all HT patients is insufficient [19].

5. Type 1 diabetes mellitus

Type 1 diabetes (T1D) is an autoimmune disease marked by the destruction of pancreatic
beta cells within the islets of Langerhans due to autoantibodies. The primary autoantibodies
used as indicators include glutamic acid decarboxylase, insulinoma antigen-2, insulin, and
zinc transporter 8. However, the destruction of B cells is a gradual process preceded by a
prodromal phase that is marked by the infiltration of CD4 and CD8 T cells into the pancreatic
islets, resulting in insulin deficiency, persistent hyperglycemia and subsequent symptoms of
polyuria, polydipsia, weight loss, and diabetic ketoacidosis. In many patients, the diagnosis of
diabetes and the initiation of treatment is followed by a partial regeneration of B-cells and a
decreased need for exogenous insulin, which is referred to as clinical remission. Remission
usually begins between the third and sixth month of diabetes. It is characterized by a low
insulin requirement with simultaneously normal blood glucose levels. Other criteria
considered when assessing remission include a decrease in C-peptide levels and the IDAA1C
(insulin dose-adjusted Alc) index [24]. Its increasing incidence remains unexplained and
cannot be solely attributed to genetic factors. Instead, changes in exposure to environmental
triggers play a significant role in the disease's development. The occurrence of T1D differs
across regions, influenced by both genetic and environmental agents. In South American and
Asian countries, the incidence ranges from one to three cases per year, while in the United
States (US) and South European countries, it is higher, ranging from 10 to 20 cases per
100,000 people annually [25].

When it comes to genetic predisposition, type 1 diabetes and celiac disease share the
predisposing HLA-DQ2/DQ8 genotype, which can partially explain their frequent
comorbidity. Moreover, among patients with type 1 diabetes, the prevalence of celiac disease
ranges between 5-10%. Whereas, if celiac disease is diagnosed first, type 1 diabetes seldom
develops, possibly as a result of adherence to a GFD [26].

Already 25 years ago, gluten-free diet has been shown to delay onset and diminish

occurrence of autoimmune diabetes in non-obese diabetic (NOD) mice [27].



The protective potential of a GFD is currently being studied. There is also available data that
suggests that a gluten-free diet attenuates the development of type 1 diabetes through the gut
microbiota composition [28] as well as in a microbiota-independent manner [29]. It has been
shown to upregulate markers for regulatory T cells and T helper 2 cells in the pancreas of the
GF-fed mice which alleviates T1D [28]. The abnormal functional integrity of the intestine,
along with its effects on the immune system, may also contribute to the development of the
disease through activation and proliferation of islet-specific T cells, particularly diabetogenic
CD8+ T cells, promoting insulitis [30]. However the precise mechanisms of developing
autoimmune diabetes still remain unclear.

Due to comorbidity of celiac disease in type 1 diabetes, Haupt-Jorgensen et al. hypothesized
that GFD during pregnancy ameliorates autoimmune diabetes in NOD mouse offspring. In
their research a GFD compared to a standard (STD) diet in utero led to decreased insulitis and
both systemic and local inflammation [26].

In another study they observed that in NOD mice, a lifelong GFD reduces insulitis and
inflammation in the pancreatic islets, possibly by lowering VEGFR2 (vascular endothelial
growth factor receptor 2) levels [31]. However, in the latest attempt to clarify possible
mechanisms, researchers did not replicate the diabetes alleviating effect of a maternal GFD in
its offspring. The dietary intervention did not lead to a reduction in the incidence of
autoimmune diabetes, the degree of insulitis, glucose or insulin tolerance, nor plasma insulin
autoantibody levels [32].

In a National Danish prospective cohort study on humans, high gluten consumption by
mothers during pregnancy has been linked to a higher risk of their children developing T1D.
However, the researchers claim that these findings need to be confirmed in further research
[33].

Apart from the possible preventive effect of eliminating gluten, there is also emerging
evidence indicating its alleviating effect post-diagnosis, a prolonged partial remission period,
and better glycemic control.

Soderstrom et al. found that children on a GFD had a significantly lower HbAlc level at 6
months compared to those on a regular diet, and better glycemic control in the GFD group
after 6 and 12 months [34].

Svensson et al. examined 15 newly diagnosed children with T1D in another 12-month pilot
study. One year post onset, in GFD group three times as many children were still in partial

remission based on IDAAlc, HbAlc levels were significantly 21% lower and IDAA1c was



over 1 unit lower in the cohort on a gluten-free diet compared to the two previous cohorts.
They found no significant difference in stimulated C-peptide levels [35].

On a bigger sample of 45 non-coeliac children with recently diagnosed type 1 diabetes, C-
peptide decline, insulin dose, IDAA1c, HbAlc and quality of life (QoL) were assessed. At 12
months they observed that C-peptide declined more slowly in the GFD group than in controls.
The GFD group had a significantly lower IDAAlc and mean HbAlc and marginally lower
insulin dose. There was no prominent difference in the QoL between the groups according to
the patients as well as their parents/caregivers [36].

In summary, a body of research using animal models of T1D suggests that the development
of autoimmune disease can be altered by factors affecting the gut immune system, providing
a foundation for exploring similar questions in humans. Prenatal and early-life interventions
that alter the intestinal microbiota and permeability can impact the risk of type 1 diabetes.
Further research is needed as this provides a compelling basis for developing new therapeutic
strategies for at-risk individuals to prevent the onset of T1D.

In patients already diagnosed with TID who maintained a gluten-free diet during the first
year after diagnosis, there was an association with lower HbAlc levels and a prolonged
partial remission period. There was also an indication of a slower decline in C-peptide,

although the association is not strong enough to draw definitive conclusions.
6. Psoriasis

Psoriasis is a chronic, immune-mediated skin disease that presents in various forms, with
plaque psoriasis being the most common. It is characterized by well-defined, scaly, red
plaques that are typically symmetrical and found on the knees, elbows, lower back, and scalp.
The Psoriasis Area and Severity Index (PASI) is commonly used to assess the severity of the
condition by measuring the extent and intensity of psoriasis in four regions: head-neck, arms,
body, and legs, evaluating redness, infiltration, and scaling. Treatment involves local
therapies, with systemic medications reserved for cases where local treatments are ineffective.
It is influenced by both genetic predisposition and environmental factors. It involves a
dysregulated interaction between the innate and adaptive immune responses, driven mainly
by antigen-presenting cells and T helper cell-17 in skin lesions. Environmental triggers for
these immune responses include infections, medications, skin trauma, and psychosocial stress.
Psoriasis is most prevalent in high-income countries, where modern lifestyles characterized

by sedentary behavior, high-calorie diets, and obesity significantly contribute to its incidence.
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The effect of diet on psoriasis has not been thoroughly researched, but it is of significant
interest to many patients [37].

There are several studies that demonstrate GFD to alleviate psoriasis symptoms, showing an
improvement in their PASI score. However, their limitations include an absence of
randomization, small control groups, and the potential influence of the placebo effect. [38]

In a recent cohort studies among 85,185 women, the amount of gluten intake has been
unambiguously ruled out as a risk factor for psoriasis. [39] In a survey with patient-reported
skin outcomes in response to GFD, 53.4% of them declared improvement in their disease[40].
In a different sample, 52.22% followers of a GFD did not observe any effect on psoriasis
manifestation, and 3.33% claimed that gluten aggravated their symptoms [41]. These findings
are contradictory and subjective, thus they cannot lead to a definitive conclusion.

However, in a number of studies involving patients seropositive with gluten-related
antibodies, implementing a GFD entailed major improvements in their PASI scores and even
total clearance of their lesions, compared to no changes in seronegative patients [42].

In psoriasis patients without concomitant CD, current guidelines weakly recommend GFD
only in patients who test positive for serologic markers of gluten sensitivity to evaluate

whether it may improve skin symptoms [43].
7. Metabolic syndrome and cardiovascular risk

Cardiovascular diseases (CVD) are a leading cause of disability and the primary cause of
death globally. They encompass conditions affecting the heart and blood vessels, such as
acute coronary and cerebrovascular events. Their main risk factors include type 2 diabetes,
high blood pressure, abdominal obesity and dyslipidemia. They often occur together as a
result of negative lifestyle choices (i.e. lack of physical activity, unbalanced diet) along with
genetic predisposition. Metabolic syndrome (MES) is defined by the coexistence of at least 3
out of 5 criteria: elevated waist circumference (WC) depending on sex and race, type 2
diabetes or high fasting serum glucose (>100 mg/dL), high blood pressure (systolic blood
pressure >130 mmHg and diastolic blood pressure > 85 mmHg), elevated triglycerides (>150
mg/dL), and low HDL cholesterol (<40 mg/dL).

In a preliminary randomized trial of 45 subjects with MES, a comparison of the GFD and
control diet after 8-week adherence showed no effect on LDL cholesterol, total cholesterol,
fasting insulin, HOMA-IR, systolic and diastolic blood pressure levels, but the GFD

significantly reduced fasting blood glucose, WC and serum triglyceride levels compared with
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the control diet. The reduction in waist circumference, without a significant decrease in body
weight, may suggest a preferential loss of abdominal fat [44]. In a cross-sectional study Kim
et al. revealed that individuals with no CVD following a GFD have a reduced risk of obesity,
metabolic syndrome, and cardiovascular disorders. However, this study cannot conclusively
link these effects to the GFD, as it is possible that individuals adhering to a GFD also follow
a generally healthy diet, and these effects may be attributable to it [45].

A different review, predominantly based on observational studies, indicates little or no
association between gluten intake and cardiovascular mortality or non-fatal myocardial
infarction. Additionally, lower gluten intake may be associated with a slightly increased risk
of developing type 2 diabetes, a significant cardiovascular risk factor. For other
cardiovascular risk factors, it remains unclear if there are differences between a gluten-free
and a regular diet. Nevertheless, these conclusions are based on limited findings and therefore
the evidence is of a very low certainty [46].

So far, a gluten-free diet has not been shown to be unequivocally beneficial for individuals
without celiac disease. In non-celiac patients, a gluten-free diet may slightly improve overall
cardiac risk factors. However, its use without a gluten-related disease requires larger studies
with a more clearly defined dietary composition. Therefore, a gluten-free diet should not be
considered for promoting weight loss or improving lipidemic profile in non-celiac patients

[47].
Discussion

The paper only discussed studies that excluded patients with diagnosed gluten-related
diseases. However, in the majority of the studies a small intestine biopsy was not performed
and therefore, we cannot completely rule out the possibility of a latent or asymptomatic CD.
The duration of adhering to the diet varied between studies, which could cause
inconsistencies in the results. Moreover, the exact composition and eliminated products were
usually not specified and compliance was not always objectively verified.

It should also be remembered that GFD despite its potential benefits, also carries certain risks
and can cause negative side effects, e.g. vitamins and multiple micronutrients deficiencies
that were not assessed in most of the studies and in the long term could aggravate.
Furthermore, most of the included research compared the GFD to a 'standard’ or 'regular' diet,

while the discussed conditions often have specific nutritional guidelines. To evaluate the
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definitive efficacy of a GFD, it should also be compared with tailored dietary

recommendations for each disease.
Conclusion

In conclusion, based on the aforementioned research results, adhering to a gluten-free diet
may be favorable for patients with AIT and T1D even after ruling out gluten-related disorders.
However, to date, the improvement is not significant enough to recommend it to all patients.
There is no evidence that GFD alleviates symptoms of AIT or T1D. Further research is
needed to determine whether prenatal and early-life interventions may affect the risk of
developing T1D and if adhering to a GFD post diagnosis can prolong partial remission period.
In psoriasis, a GFD can be recommended in patients that are seropositive with gluten-related
antibodies, as it may mitigate skin lesions or even clear them completely. No benefits were
observed in seronegative for gluten-related markers psoriasis patients.

The data concerning GFD’s impact on cardiovascular disease is contradictory, and therefore
it cannot be considered reliable.

Studies conducted so far do not support the claim that patients with diseases other than

gluten-related disorders absolutely should eliminate gluten from their diet.

Disclosure
Author’s Contribution Statement

Conceptualization, Dominika Zaliwska and Adrianna Kraszkiewicz; methodology, Natalia
Paduszynska; software, Anna Dabrowska; check, Marta Justyna Gonciarz, and Monika Anna
Kaminska; formal analysis, Agnieszka Aleksandra Strojny, Dominika Karolina Adamiec;
investigation, Adrianna Kraszkiewicz; resources, Monika Kienanh Do, Magdalena Czach;
data curation, Anna Dabrowska, Dominika Zaliwska; writing - rough preparation, Dominika
Zaliwska, Magdalena Czach, Agnieszka Aleksandra Strojny; writing - review and editing,
Monika Kienanh Do, Monika Anna Kaminska; visualization, Dominika Karolina Adamiec;
supervision, Natalia Paduszynska; project administration, Marta Justyna Gonciarz;

All authors have read and agreed with the published version of the manuscript.
Funding Statement: The study did not receive special funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflict of Interest Statement: The authors report no conflict of interests.

13



References :

1. Manza F, Lungaro L, Costanzini A, Caputo F, Volta U, De Giorgio R, Caio G. Gluten and
Wheat in Women's Health: Beyond the Gut. Nutrients. 2024;16(2):322. Published 2024 Jan
22. doi:10.3390/nu16020322

2. Caio G, Volta U, Sapone A, Leffler DA, De Giorgio R, Catassi C, Fasano A. Celiac
disease: a comprehensive current review. BMC Med. 2019;17(1):142. doi:10.1186/s12916-
019-1380-z

3. Bascuiian KA, Araya M, Roncoroni L, Doneda L, Elli L. Dietary Gluten as a Conditioning
Factor of the Gut Microbiota in Celiac Disease. Adv Nutr. 2020;11(1):160-174.
doi:10.1093/advances/nmz080

4. Caio G, Lungaro L, Segata N, Guarino M, Zoli G, Volta U, De Giorgio R. Effect of
Gluten-Free Diet on Gut Microbiota Composition in Patients with Celiac Disease and Non-
Celiac Gluten/Wheat Sensitivity. Nutrients. 2020;12(6):1832. Published 2020 Jun 19.
doi:10.3390/nu12061832

5.Sturgeon C, Fasano A. Zonulin, a regulator of epithelial and endothelial barrier functions,
and its involvement in chronic inflammatory diseases. Tissue Barriers. 2016;4(4):e1251384.
Published 2016 Oct 21. doi:10.1080/21688370.2016.1251384

6. Fasano A. All disease begins in the (leaky) gut: role of zonulin-mediated gut permeability
in the pathogenesis of some chronic inflammatory diseases. F'/000Res. 2020;9:F1000 Faculty
Rev-69. Published 2020 Jan 31. doi:10.12688/f1000research.20510.1

7. Fry L, Madden AM, Fallaize R. An investigation into the nutritional composition and cost
of gluten-free versus regular food products in the UK. J Hum Nutr Diet. 2018;31(1):108-120.
doi:10.1111/jhn.12502

8. Vici G, Belli L, Biondi M, Polzonetti V. Gluten free diet and nutrient deficiencies: A
review. Clin Nutr. 2016;35(6):1236-1241. doi:10.1016/j.cInu.2016.05.002

9. Niland B, Cash BD. Health Benefits and Adverse Effects of a Gluten-Free Diet in Non-
Celiac Disease Patients. Gastroenterol Hepatol (N Y). 2018;14(2):82-91.

10.Christoph MJ, Larson N, Hootman KC, Miller JM, Neumark-Sztainer D. Who Values
Gluten-Free? Dietary Intake, Behaviors, and Sociodemographic Characteristics of Young
Adults Who Value Gluten-Free Food. J Acad Nutr Diet. 2018;118(8):1389-1398.
doi:10.1016/j.jand.2018.04.007

14



11.De Palma G, Nadal I, Collado MC, Sanz Y. Effects of a gluten-free diet on gut microbiota
and immune function in healthy adult human subjects. Br J Nutr. 2009;102(8):1154-1160.
doi:10.1017/S0007114509371767

12.Mordor Intelligence Research & Advisory. Europe Gluten-Free Food Market Size &

Share Analysis - Growth Trends & Forecasts (2024 - 2029). Mordor Intelligence. September,
2023. https://www.mordorintelligence.com/industry-reports/europe-gluten-free-foods-beverages-market-
industry (Access 22.05.2024)

13. Sapone A, Bai JC, Ciacci C, Dolinsek J, Green PHR, Hadjivassiliou M, Kaukinen K,
Rostami K, Sanders DS, Schumann M, Ullrich R, Villalta D, Volta U, Catassi C, Fasano A.

Spectrum of gluten-related disorders: consensus on new nomenclature and classification.
BMC Med. 2012;10:13. Published 2012 Feb 7. doi:10.1186/1741-7015-10-13

14.Elli L, Branchi F, Tomba C, Villalta D, Norsa L, Ferretti F, Roncoroni L, Bardella MT.
Diagnosis of gluten related disorders: Celiac disease, wheat allergy and non-celiac gluten
sensitivity. World J Gastroenterol. 2015;21(23):7110-7119. doi:10.3748/wjg.v21.123.7110
15.Volta U, De Giorgio R, Caio G, Uhde M, Manfredini R, Alaedini A. Nonceliac Wheat
Sensitivity: An Immune-Mediated Condition with Systemic Manifestations. Gastroenterol
Clin North Am. 2019;48(1):165-182. do0i:10.1016/j.gtc.2018.09.012

16. Hadjivassiliou M, Rao DG, Griinewald RA, Aeschlimann DP, Sarrigiannis PG, Hoggard
N, Aeschlimann P, Mooney PD, Sanders DS. Neurological Dysfunction in Coeliac Disease
and Non-Coeliac Gluten Sensitivity. Am J Gastroenterol. 2016;111(4):561-567.
doi:10.1038/ajg.2015.434

17. Caio G, De Giorgio R, Volta U. Coeliac disease and dermatitis herpetiformis. Lancet.
2018;392(10151):916-917. doi:10.1016/S0140-6736(18)31486-7

18. Itzlinger A, Branchi F, Elli L, Schumann M. Gluten-Free Diet in Celiac Disease-Forever
and for All?. Nutrients. 2018;10(11):1796. Published 2018 Nov 18. d0i:10.3390/nul0111796
19. Mikulska AA, Karazniewicz-L.ada M, Filipowicz D, Ruchata M, Gtéwka FK. Metabolic
Characteristics of Hashimoto's Thyroiditis Patients and the Role of Microelements and Diet
in the Disease Management-An Overview. Int J Mol Sci. 2022;23(12):6580. Published 2022
Jun 13. doi:10.3390/ijms23126580

20. Krysiak R, Szkroébka W, Okopien B. The Effect of Gluten-Free Diet on Thyroid
Autoimmunity in Drug-Naive Women with Hashimoto's Thyroiditis: A Pilot Study. Exp Clin
Endocrinol Diabetes. 2019;127(7):417-422. doi:10.1055/a-0653-7108

15


https://www.mordorintelligence.com/industry-reports/europe-gluten-free-foods-beverages-market-industry
https://www.mordorintelligence.com/industry-reports/europe-gluten-free-foods-beverages-market-industry

21. Pobtocki J, Panka T, Szczuko M, Telesinski A, Syrenicz A. Whether a Gluten-Free Diet
Should Be Recommended in Chronic Autoimmune Thyroiditis or Not?-A 12-Month Follow-
Up. J Clin Med. 2021;10(15):3240. Published 2021 Jul 22. doi:10.3390/jcm10153240

22. Asimi ZV, Hadzovic-Dzuvo A, Al Tawil D. The effect of selenium supplementation and
gluten-free diet in patients with subclinical hypothyroidism affected by autoimmune
thyroiditis[abstract]. Endocrine Abstracts[serial online]. 2020;70:AEP906.
https://www.endocrine-abstracts.org/ea/0070/ea0070AEP906 (Access: 14.05.2024)

23. 1.Godhwani A, Lo H, Ruiz C. Does a Gluten-Free Diet Reduce Symptoms of
Autoimmune Thyroid Disease? American Family Physician. 2023;108(1):87-88.

24. Nwosu BU. Partial Clinical Remission of Type 1 Diabetes: The Need for an Integrated
Functional Definition Based on Insulin-Dose Adjusted Alc and Insulin Sensitivity Score.
Front  Endocrinol  (Lausanne).  2022;13:884219.  Published 2022 May 3.
doi:10.3389/fendo.2022.884219

25.Flores Monar GV, Islam H, Puttagunta SM, Islam R, Kundu S, Jha SB, Rivera AP, Sange
I. Association Between Type 1 Diabetes Mellitus and Celiac Disease: Autoimmune Disorders
With a Shared Genetic Background. Cureus. 2022;14(3):¢22912. Published 2022 Mar 7.
doi:10.7759/cureus.22912

26. Haupt-Jorgensen M, Larsen J, Josefsen K, Jorgensen TZ, Antvorskov JC, Hansen AK,
Buschard K. Gluten-free diet during pregnancy alleviates signs of diabetes and celiac disease
in  NOD mouse offspring. Diabetes Metab Res Rev. 2018;34(4):e2987.
doi:10.1002/dmrr.2987

27. Funda DP, Kaas A, Bock T, Tlaskalova-Hogenovd H, Buschard K. Gluten-free diet
prevents diabetes in NOD mice. Diabetes Metab Res Rev. 1999;15(5):323-327.
doi:10.1002/(sici)1520-7560(199909/10)15:5<323::aid-dmrr53>3.0.co;2-p

28. Johansen VBI, Fere D, Buschard K, Kristiansen K, Pociot F, Kiilerich P, Josefsen K,
Haupt-Jorgensen M, Antvorskov JC. A Gluten-Free Diet during Pregnancy and Early Life
Increases Short Chain Fatty Acid-Producing Bacteria and Regulatory T Cells in Prediabetic
NOD Mice. Cells. 2023;12(12):1567. Published 2023 Jun 6. doi:10.3390/cells12121567

29. Hansen CHF, Larsen CS, Zachariassen LF, Mentzel CMJ, Laigaard A, Krych L, Nielsen
DS, Gobbi A, Haupt-Jorgensen M, Buschard K, Hansen AK. Gluten-free diet reduces
autoimmune diabetes mellitus in mice across multiple generations in a microbiota-
independent manner. J Autoimmun. 2022;127:102795. doi:10.1016/j.jaut.2022.102795

30. Li X, Atkinson MA. The role for gut permeability in the pathogenesis of type 1 diabetes--
a solid or leaky concept?. Pediatr Diabetes. 2015;16(7):485-492. doi:10.1111/pedi.12305

16


https://www.endocrine-abstracts.org/ea/0070/ea0070AEP906

31. Haupt-Jorgensen M, Groule V, Reibel J, Buschard K, Pedersen AML. Gluten-free diet
modulates inflammation in salivary glands and pancreatic islets. Oral Dis. 2022;28(3):639-
647. doi:10.1111/0di.13775

32. Mensted M@, Holm LJ, Buschard K, Haupt-Jorgensen M. Failure to replicate the diabetes
alleviating effect of a maternal gluten-free diet in non-obese diabetic mice. PLoS One.
2023;18(9):¢0289258. Published 2023 Sep 8. doi:10.1371/journal.pone.0289258

33. Antvorskov JC, Halldorsson TI, Josefsen K, Svensson J, Granstrém C, Roep BO, Olesen
TH, Hrolfsdottir L, Buschard K, Olsen SF. Association between maternal gluten intake and
type 1 diabetes in offspring: national prospective cohort study in Denmark. BMJ.
2018;362:k3547. Published 2018 Sep 19. doi:10.1136/bm;j.k3547

34. Soderstrom H, Cervin M, Dereke J, Hillman M, Tiberg I, Norstrdom F, Carlsson A. Does a
gluten-free diet lead to better glycemic control in children with type 1 diabetes? Results from
a feasibility study and recommendations for future trials. Contemp Clin Trials Commun.
2022;26:100893. Published 2022 Feb 16. doi:10.1016/j.conctc.2022.100893

35. Svensson J, Sildorf SM, Pipper CB, Kyvsgaard JN, Bgjstrup J, Pociot FM, Mortensen HB,
Buschard K. Potential beneficial effects of a gluten-free diet in newly diagnosed children
with type 1 diabetes: a pilot study. Springerplus. 2016;5(1):994. Published 2016 Jul 7.
doi:10.1186/s40064-016-2641-3

36. Neuman V, Pruhova S, Kulich M, Kolouskova S, Vosahlo J, Romanova M, Petruzelkova
L, Obermannova B, Funda DP, Cinek O, Sumnik Z. Gluten-free diet in children with recent-
onset type 1 diabetes: A 12-month intervention trial. Diabetes Obes Metab. 2020;22(5):866-
872. doi:10.1111/dom.13974

37. Nislund-Koch C, Bennike NH, Skov L. The importance of diet in psoriasis. Ugeskr
Laeger. 2023;185(47):V08230535.

38. Bhatia BK, Millsop JW, Debbaneh M, Koo J, Linos E, Liao W. Diet and psoriasis, part II:
celiac disease and role of a gluten-free diet. J Am Acad Dermatol. 2014;71(2):350-358.
doi:10.1016/j.jaad.2014.03.017

39. Drucker AM, Qureshi AA, Thompson JM, Li T, Cho E. Gluten intake and risk of
psoriasis, psoriatic arthritis, and atopic dermatitis among United States women. J Am Acad
Dermatol. 2020;82(3):661-665. doi:10.1016/j.jaad.2019.08.007

40. Afifi L, Danesh MJ, Lee KM, Beroukhim K, Farahnik B, Ahn RS, Yan D, Singh RK,
Nakamura M, Koo J, Liao W. Dietary Behaviors in Psoriasis: Patient-Reported Outcomes
from a U.S. National Survey. Dermatol Ther (Heidelb). 2017;7(2):227-242.
doi:10.1007/s13555-017-0183-4

17



41. Kayran MA, Karadag AS, Topal 10, Emre S, Adisen E, Kili¢ S, Keskin N, Kara Polat A,
Cevirgen Cemil B, Polat M, Yilmaz O, Ayvaz H, Topaloglu Demir F, Sarikaya Solak S,
Ucmak D, Aytekin S, Giirel MS, Ekinci AP, Béliik KN, Sendur N, Ozkék Akbulut T, Oztiirk
G, Erbas A, Alpsoy E. Patient Use of Complementary and Alternative Medicine for Psoriasis
Vulgaris and Factors Believed to Trigger the Disease: a Multicenter Cross-Sectional Study
With 1621 Patients. Dermatol Pract Concept. 2022;12(4):€2022190. Published 2022 Oct 1.
doi:10.5826/dpc.1204a190

42. Passali M, Josefsen K, Frederiksen JL, Antvorskov JC. Current Evidence on the Efficacy
of Gluten-Free Diets in Multiple Sclerosis, Psoriasis, Type 1 Diabetes and Autoimmune
Thyroid  Diseases.  Nutrients.  2020;12(8):2316.  Published 2020 Aug 1.
do0i:10.3390/nu12082316

43. Ford AR, Siegel M, Bagel J, Cordoro KM, Garg A, Gottlieb A, Green LJ, Gudjonsson JE,
Koo J, Lebwohl M, Liao W, Mandelin AM 2nd, Markenson JA, Mehta N, Merola JF,
Prussick R, Ryan C, Schwartzman S, Siegel EL, Van Voorhees AS, Wu JJ, Armstrong AW.
Dietary Recommendations for Adults With Psoriasis or Psoriatic Arthritis From the Medical
Board of the National Psoriasis Foundation: A Systematic Review. JAMA Dermatol.
2018;154(8):934-950. doi:10.1001/jamadermatol.2018.1412

44. Ehteshami M, Shakerhosseini R, Sedaghat F, Hedayati M, Eini-Zinab H, Hekmatdoost A.
The Effect of Gluten Free Diet on Components of Metabolic Syndrome: A Randomized
Clinical Trial. 4sian Pac J Cancer Prev. 2018;19(10):2979-2984. Published 2018 Oct 26.
doi:10.22034/APJCP.2018.19.10.2979

45. Kim HS, Demyen MF, Mathew J, Kothari N, Feurdean M, Ahlawat SK. Obesity,
Metabolic Syndrome, and Cardiovascular Risk in Gluten-Free Followers Without Celiac
Disease in the United States: Results from the National Health and Nutrition Examination
Survey 2009-2014. Dig Dis Sci. 2017;62(9):2440-2448. doi:10.1007/s10620-017-4583-1

46. Schmucker C, Eisele-Metzger A, Meerpohl JJ, Lehane C, Kuellenberg de Gaudry D,
Lohner S, Schwingshackl L. Effects of a gluten-reduced or gluten-free diet for the primary
prevention of cardiovascular disease. Cochrane Database Syst Rev. 2022;2(2):CD013556.
Published 2022 Feb 24. doi:10.1002/14651858.CD013556.pub2

47. Defeudis G, Massari MC, Terrana G, Coppola L, Napoli N, Migliaccio S. Gluten-Free
Diet and Metabolic Syndrome: Could Be a Not Benevolent Encounter?. Nutrients.

2023;15(3):627. Published 2023 Jan 26. doi:10.3390/nu15030627

18



