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Abstract: Since the rise of awareness of gluten/wheat-related disorders in the academic and clinical
field in the last few decades, misinformation regarding the gluten-free diet (GFD) and its impact on
health has been spreading among the general population. Despite the established link between gluten
and celiac disease (CD), where a GFD is mandatory to reach clinical and histological remission, things
are more complicated when it comes to non-celiac gluten/wheat sensitivity (NCGWS) and other
autoimmune/dysimmune disorders. In the last conditions, a beneficial effect of gluten withdrawal
has not been properly assessed, but still is often suggested without strong supporting evidence. In
this context, women have always been exposed, more than men, to higher social pressure related to
nutritional behaviors and greater engagement in controlling body weight. With this narrative review,
we aim to summarize current evidence on the adherence to a GFD, with particular attention to the
impact on women’s health.

Keywords: gluten-free diet; wheat; women; autoimmunity; fibromyalgia; endometriosis; non-celiac
gluten sensitivity; autoimmune thyroiditis; irritable bowel syndrome; exclusion diet

1. Wheat and Gluten

Wheat is a carbohydrate source appreciated for its versatility and widely diffused all
over the globe. Moreover, wheat is a cheap source of proteins, with a long shelf life; it is
ready to use, and its combination with legumes has a complete amino acidic profile [1].
Wheat is a complex mixture of proteins, starches, fibers, and micronutrients, which confers
its rheological and culinary properties, but also the prerequisites for wheat allergy (WA),
celiac disease (CD), and non-celiac gluten/wheat sensitivity (NCGWS).

Gluten is a storage protein of wheat, rye, and barley. It is a complex mixture of
prolamins, particularly rich in proline and glutamine. These amino acids cause the twisting
of the protein chain, resulting in numerous kinks and folds. The mixture of gluten and
water forms a cohesive compound: during the kneading process, the chains bond together
through disulfide, ionic, and H-links. This gives gluten its fascinating ability to form elastic,
balloon-like films that hold gas produced during the rising and baking process [2].

Gluten is insoluble in water and in most neutral solvents, despite its ability to absorb
water. Gluten components can be separated in alcohol into soluble gliadins (THREE major
forms: α-, γ-, andω-gliadin) and insoluble glutenins.

The proline- and glutamine-rich residues, gliadins, which are resistant to human
protease digestion, are the trigger for CD in genetically predisposed subjects, along with an
increased intestinal permeability [3].

Regarding WA, the advance made in molecular diagnostic tools has allowed for the
identification of wheat allergogenic proteins involved. In particular, a lipid transfer protein
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(LTP, Tri a 14), omega-5-gliadin (Tri a 19) and amylase trypsin inhibitor family (ATIs) are
the only molecular targets of the IgE-mediated response available as a diagnostic tool [4].

The pathophysiological mechanisms become less clear when it comes to NCGWS. It is
still debated whether the component linked to exacerbation of intestinal and extraintestinal
symptoms of NCGWS is gluten [5] or other components of wheat such as ATIs or FODMAPs
(fermentable oligo-, di-, and monosaccharide and polyol) [6,7]. FODMAPs can cause
bloating in different functional gastrointestinal disorders.

However, in CD, a lifelong gluten-free diet (GFD) is the only effective therapy, ame-
liorating symptoms and restoring intestinal morphology, in the vast majority of patients.
Similarly, a GFD is beneficial in NCGWS, but it is still debated if the latter could be identified
as a reversible condition [8], and therefore if the adherence to a GFD is temporary.

2. Wheat as a Trigger of Immune Response: The Leaky Gut

It has become increasingly clear that the human intestine is the largest surface where
the interplay between ourselves and the external environment takes place. More specifically,
Fasano analyzed the mechanisms behind intestinal permeability and molecular traffick-
ing between the intestinal lumen and the submucosa [9]. Under normal circumstances,
antigenic and molecular trafficking is strictly regulated by several processes that ensure
homeostasis of the process and immune tolerance. In this context, zonulin has a pivotal
role in the regulation of gut permeability, acting as a modulator of barrier integrity. Its pro-
duction is mainly triggered by bacteria overgrowth [10] and gluten [11]. Zonulin secretion
leads to an increase in gut permeability, removing the zonula occludens 1, a component of
intercellular tight junction. The increase in antigenic trafficking between the lumen and the
lamina propria, often referred as “the leaky gut”, has been implicated in the pathogenesis
of many chronic inflammatory diseases.

Clemente et al. studied the effects of gliadin on zonulin release in intestinal epithelial
cells in vitro [5]. Enterocytes secrete increasing levels of zonulin after gliadin exposure,
but zonulin levels return to baseline after 30 min. Despite this effect also being seen
in healthy control tissue, it is upregulated in CD patients, associated with an increased
baseline gut permeability and an increased amplitude and duration of gluten-induced
zonulin release [11].

Thus, the overproduction of zonulin seems to have a role in the mechanisms regulating
the immune system, through the tuning of intestinal permeability [5]. Since zonulin
production is related to gliadin exposure, the exclusion of gluten-containing products has
often been claimed to be beneficial.

3. What Is a Gluten-Free Diet?

A GFD consists of the avoidance of gluten-containing foods (e.g., wheat, barley, spelt,
kamut, rye, triticale). The diet is usually implemented with gluten-free (GF) sources of
carbohydrates (e.g., rice, quinoa, corn, buckwheat, legumes) and/or the consumption of
industrial GF products.

Intriguingly, the European market of GF products is expected to grow from USD
3.28 billion in 2023 to USD 5.37 billion by 2028 [12]. Given that the variety of GF prod-
ucts as well as the ease to access them is consequently increasing, the concerns related
to the healthiness of a GFD cannot be neglected. Gluten-free products are often richer in
saturated fat, sugar, and salt [13,14], and contain lower levels of proteins, fiber, and vita-
mins [15]; a GFD has been associated with an increased risk of deficiency of micronutrients,
hyperlipidemia, hyperglycemia, and coronary artery disease [16].

Despite these unequivocal findings, among the reasons leading healthy subjects to
pursue a GFD, we can find weight control, the perceptions that this dietary regimen is
healthier, and symptoms triggered by gluten ingestion. The majority of consumers are
women, often with other food intolerances (e.g., lactose) [17,18]. A few studies suggest that
individuals avoiding gluten have an overall better nutritional profile, but this is probably
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due to a specific attention in maintaining a healthier lifestyle, avoiding processed foods,
and implementing fruit and vegetable consumption [19,20].

Another aspect worth of consideration is how a GFD impacts on gut microbiota.
Current evidences suggest that a GF regime can reduce bacterial richness while affecting
gut microbiota composition, especially in healthy subjects, causing a reduction in probiotic
species such as Bifidobacteria, in favor of opportunistic pathogens, e.g., Enterobacteriaceae
and Escherichia coli [3,21].

Therefore, with this narrative review, we would like to summarize current evidence
regarding the application of a GFD, focusing on the women’s point of view and diseases
with an higher incidence in females.

4. Methods

We conducted PubMed, EMBASE, MEDLINE, and ScienceDirect search, including
original papers from January 2000 to October 2023. Literature was screened using the
following keywords: “gluten free diet”, “gluten free diet AND women”, “gluten AND
autoimmunity”, “endometriosis AND gluten”, “gluten free diet AND women”, “gluten
free diet AND female”, “women AND celiac disease”, “women AND non celiac gluten
sensitivity”, “gluten AND thyroiditis”, “gluten AND fibromyalgia”, “gluten AND en-
dometriosis”; related results were also considered. Only papers (1) consistent with the
topic, (2) written in English or (3) Italian, and (4) available in full text were included in this
narrative analysis. Records were screened independently by L.L and F.M. and subsequently
reviewed by the other authors. Duplicates, papers with no original data, and incomplete or
unclear outcomes were excluded.

5. Celiac Disease

CD is an autoimmune disorder, affecting around 1–1.5% of the population, an increas-
ing percentage, especially in Western countries [22,23]. A diagnosis of CD is 1.5–2 times
more common in female than males [24,25]. CD is often associated with different autoim-
mune diseases, including dermatitis herpetiformis, type 1 diabetes mellitus, Hashimoto’s
thyroiditis, selective IgA deficiency, alopecia areata, Addison’s disease, connective tissue
diseases (mainly Sjogren’s syndrome), and hepatic autoimmune diseases, but also neuro-
logical diseases (cerebellar ataxia, peripheral neuropathy, epilepsy) [26–28]. Diagnosing
CD in the presence of those conditions is pivotal since following a GFD could lead to
gastrointestinal symptom resolution, prevent complications, and improve some of the
CD-associated diseases [22,29]. Jacobsson et al. carried out a qualitative research regard-
ing the condition of women with CD in Sweden. The study highlighted how women’s
perception of food safety, food risk management, social inclusion, and the ability to be in
control of food-related situations should not be underestimated. In a context where the goal
of patients with CD is to experience normality in life, coping mechanisms are necessary.
Healthcare professionals should support patients in everyday challenges [30]. A study by
Hallert et al. [31] digs into gender-related differences in people diagnosed with CD, and
compares these aspects with the male counterpart. Women living with CD report poorer
health-related quality of life (QoL) than men do, related specifically to (1) the permanence
of bowel symptoms despite following a GFD, (2) a depressive–anxious behavior related to
feelings of being different (identification), and (3) a passive–adaptive psychological attitude
towards the disease (acceptance) [32].

Moreover, CD is known to be associated with conditions influencing female reproduc-
tive system and pregnancy outcomes. In particular, untreated CD is related to amenorrhea,
puberty delay, spontaneous abortion, and stillbirth, despite no gynecological differences
between already-diagnosed CD and healthy controls being found [33,34]. A higher preva-
lence of CD in unexplained infertility was demonstrated in different studies [35,36]. Several
studies suggest that following a rigorous GFD might be beneficial in the improvement
of fertility rates, despite larger and higher-quality studies being needed to reach higher
significancy [37,38].
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Celiac women are at a higher risk of osteoporosis as a consequence of nutrient malab-
sorption and indirect hormonal effects (such as early menopause, amenorrhea), but a GFD
alone is effective in the improvement of bone mass density (BMD) [39–41].

Overall, a strict adherence to a GFD is the only available and effective treatment for CD
and its complications [22,42,43]. Dietetic support is mandatory to avoid malnutrition and
to decide whether supplementation is needed. The phenotype of CD patients is changing
with the increasing prevalence of obesity. Patients can be overnourished while still having
micronutrient deficiencies [44].

However, it must be underlined that 10–19% of CD patients might present persistent
symptoms despite following a GFD, mainly because of unintentional cross-contamination.
Other subgroups might be classified as late responders, IBS, or refractory [45–47].

6. Non-Celiac Gluten/Wheat Sensitivity (NCGWS) and Irritable Bowel Syndrome (IBS)

NCGWS is a syndrome characterized by intestinal and extraintestinal symptoms
related to the ingestion of gluten-/wheat-containing food, where CD and WA have already
been excluded. For the sake of clarity, from now on, “wheat” will be the word used to
include all the components that might trigger a symptomatology. A double-blind placebo-
controlled challenge (DBPC) using wheat triggering intestinal and extraintestinal symptoms
is nowadays considered the gold standard for diagnosis [48]. NCGWS prevalence has not
been adequately established, especially due to the lack of specific markers, the difficulties
related to the application of a DBPC in real practice, and the uncertain etiology of reported
symptoms [49].

The GFD is gaining popularity as a healthy diet thanks to media hype [50]. Gluten
intolerance is more frequently reported by women, who are also more likely to avoid
wheat-containing foods [17]. The motivations behind these self-made choices are mainly
(1) the belief that a GFD is healthier and (2) that a GFD helps in controlling body weight.

However, exclusionary diets (i.e., diets that completely exclude certain categories of
foods, such as food containing gluten) may cause health problems. Very often, a nutritional
imbalance or deficiency favors the onset of physical pathologies, such as osteopenia. A
study by Carroccio et al. [51] investigated the prevalence of osteopenia, comparing CD
(8 males, 42 females), IBS (10 males, 55 females) and NCGWS (12 males, 63 females) patients.
NCGWS patients had significantly lower BMD than IBS controls, both at the lumbar spine
and at the femoral neck (p < 0.0001), whereas CD patients had the lowest. These data
are meaningful, since the study sample included mainly females, mostly premenopausal.
Moreover, the correlation of the results with BMI and hemoglobin confirmed the hypothesis
of malnutrition. Indeed, the dietary calcium intake in NCGWS patients was much lower
than the recommended dose of 1000 mg/day, probably due to the presence of multiple
food sensitivity (including diary), which implies additional dietary restriction. In this
regard, a DBPC with cow’s milk proteins was performed in all NCGWS cases, and 30 out
of 75 were positive. Globally, these findings highlight the uncertainty of the pathogenesis
of osteopenia in NCGWS patients. Etiological factors can be found in malnutrition, in an
unbalanced diet or in an equal contribution of the two. However, the results strengthen the
need of a nutritional consultation at the time of diagnosis of NCGWS.

Interestingly, in a study by Mansueto et al. [52], the incidence of autoimmune disorders
(AD) is higher in NCGWS (25%) than IBS patients (p = 0.05) and healthy controls (p = 0.002).
AD was positively associated with female sex, older age at NCGWS diagnosis, duodenal
lymphocytosis, and eosinophilic infiltration. The authors hypothesized that the longer the
gluten exposure, the stronger the autoimmune reactivity, triggered by a local inflammation
(sustained by the mild inflammation—Marsh 1—found in the biopsies), that may cause an
increased permeability and lastly the development of AD. In this study, 71.4% of NCGWS
patients had positivity of serum antinuclear antibodies (ANA).

NCGWS and IBS are two clinical entities that are often difficult to distinguish. IBS,
which has been defined as a “disorder of gut-brain interaction” [53], is diagnosed relying
on the “Rome IV criteria” [54], and it is often responsive to many dietary exclusions, such
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as FODMAPs. Indeed, the avoidance of FODMAP-rich foods significantly reduces bloating
and abdominal pain compared to a standard diet [55,56]. Gastrointestinal symptoms,
related to the overdistention of the intestinal lumen, are often common in both NCGWS
and IBS patients. Wheat contains fructans in variable percentages (ranging from 1.5%
in with flour to 3.7% in barn) [57,58], and it is therefore excluded in the low-FODMAP
diet. However, the fructan content is variable, as it depends on the preparation and the
specific recipe of the products. For this reason, affirming that GF products are always
lower in their fructan content may be inaccurate [59]. Usually, NCGWS patients can clearly
point out gluten as being responsible for their symptomatology, whereas IBS patients
cannot identify a single dietary compound that is causally related with their disorders [59].
Yet, in a comparative study carried out in the UK, 20% of patients with self-reported
NCGWS fulfill IBS Rome III criteria, concluding that NCGWS and IBS are often associated
conditions [60]. The presence of extraintestinal symptoms in NCGWS is a distinctive
feature. Manifestations such as fatigue, skin rashes, and joint and muscle pain are shortly
relieved after gluten avoidance. Furthermore, half of NCGWS patients test positive for IgG
antigliadin antibodies, which disappear quickly after GFD [61].

7. Fibromyalgia

Fibromyalgia (FM) is a rheumatologic condition characterized by chronic pain, fatigue,
sleep mood disturbances, and cognitive impairment. FM affects up to 3% of the American
population, with a female-to-male ratio of 2:1. Its management and diagnosis is often
challenging for both patients and physicians, resulting in a poor QoL [62]. Despite there
being no reference regarding diet therapy in the most recent EULAR guidelines (2016),
a review by Aman et al. [63] analyzes different nonpharmacological therapeutic options
used by FM patients, including GFD. The rationale behind the adherence to a gluten-
free regimen is that there is often an overlap of gastrointestinal symptoms in FM and
gluten-related disorders.

Different studies evaluated the relationship between GFD and the improvement of
FM symptoms and FM with regard to QoL (Table 1). Rodrigo et al. [64] registered a
slight but significant improvement in FM and IBS symptoms in a subgroup of patients
with duodenal intraepithelial lymphocytosis. On the other side, Slim et al. [65] found no
difference when comparing a GFD approach to a hypocaloric diet in terms of improvement
of gastrointestinal symptomatology; nevertheless, these approaches are both well-tolerated.
GFD might be beneficial only in a subset of FM patients, specifically with intraepithelial
lymphocytosis [66]. We underline that extraintestinal symptoms of NCGWS include FM-
like symptoms.

Overall, this evidence suggests a cautious approach when proposing GFD indiscrimi-
nately to FM patients [67]; nonetheless, gluten avoidance might be beneficial in a subset
of patients, whether they are NCGWS with FM-like symptoms or FM with an increased
intraepithelial lymphocyte count. More studies specifically involving a gluten challenge
might be decisive for a better understanding of this phenomenon.
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Table 1. Experimental design studies relating fibromyalgia and gluten-free diet.

Authors Type of
Study

Duration of
GFD Population Methods Results Authors’ Conclusions

Rodrigo L. et al.,
2013 [68]

Prospective
study

1 year GFD
observation

229 patients: 125 (54%) with
IBS, 104 were female (84%);
104 (46%) with IBS + FM,
93 were female (89%), 7 of
the 104 IBS + FM patients

had CD (7%)

Parameters assessed at baseline and
after 1 year of GFD. Score examined:

tender points (TPs) test,
Fibromyalgia Impact Questionnaire

(FIQ), Health Assessment
Questionnaire (HAQ), Short Form

Health Survey (SF-36), Visual
Analogue Scales (VAS). Any
changes in gastrointestinal

complaints, pain and tiredness,
drug prescriptions, and anti-tTG2

serum levels were recorded

At baseline, all patients had poor
QoL and VAS scores, a high number
of TPs and drug prescriptions, and
increased tTG levels. After 1 year of

GFD, all outcome measures
significantly improved, with a
decrease of 51–60% in TPs, FIQ,

HAQ, and VAS scales, and in the
number of prescribed drugs,

accompanied by an increase of
48–60% in SF-36 Physical and
Mental Component Summary

scores, and a decrease in tTG2 to
normal values

The adherence to a GFD by
CD-related IBS/FMS

patients can simultaneously
improve CD and IBS/FMS

symptoms

Rodrigo L. et al.,
2014 [64]

Case-control
study

1 year GFD
observation

97 IBS + FMS females:
58 had duodenal

intraepithelial
lymphocytosis (Marsh
stage 1), and 39 had a

normal duodenal biopsy
(Marsh stage 0)

Parameters assessed at baseline and
after 1 year of GFD. Score examined:
Fibromyalgia Impact Questionnaire

(FIQ), the Health Assessment
Questionnaire (HAQ), tender points
(TPs), the Short Form Health Survey

(SF-36), and the Visual Analogue
Scales (VAS) for gastrointestinal

complaints, pain, and fatigue

At baseline, all patients had a poor
QoL and high VAS scores. After one

year on a GFD, all outcome
measures were better in the Marsh

stage 1 group, with a mean decrease
of 26 to 29% in the TPs, FIQ, HAQ

and VAS scales, accompanied by an
increase of 27% in the SF-36

physical and mental component
scores. However, in the IBS plus

FMS/Marsh stage 0 group, the GFD
had almost no effect

GFD in the duodenal
intraepithelial

lymphocytosis-related
IBS/FMS subgroup of

patients can produce a slight
but significant improvement

in all symptoms
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Table 1. Cont.

Authors Type of
Study

Duration of
GFD Population Methods Results Authors’ Conclusions

Isasi C. et al.,
2014 [69]

Clinical
report

5 to 31
months of

GFD

20 patients with FM and
duodenal intraepithelial
lymphocytosis. CD was

ruled out; they had clinical
response to a GFD

Clinical response was defined as the
achievement of at least one of the
following scenarios: remission of
FM pain criteria, return to work,

return to normal life as judged by
the patient, or opioid

discontinuation

Eleven patients carried either the
DQ2 or DQ8 heterodimers. Seven
patients had only one allele of the

DQ2 heterodimer. Two patients did
not carry either DQ2 alleles or DQ8.
The mean follow-up period for the
gluten-free diet was 16.4 months.

The level of chronic pain improved
for all patients; for 15 patients,

chronic widespread pain was no
longer present. Fifteen returned to
work or normal life. Three patients

discontinued opioid treatment
Fatigue, gastrointestinal symptoms,

migraine, and depression also
improved. Patients with oral
aphthae, went into complete

remission for psoriatic arthritis and
undifferentiated spondylarthritis

Remarkable clinical
improvement can be

achieved with a GFD in
patients with FM, suggesting

that NCGWS may be an
underlying treatable cause

of FM syndrome. The
presence of intraepithelial

lymphocytosis in the
duodenal biopsies of these

selected patients further
supports this hypothesis

Slim M. et al.,
2017 [65]

Randomized
clinical trial

FM patients
were

randomly
allocated to

receive a GFD
or a HCD

over a
24-week
period

75 adults diagnosed with
FM. GFD (n = 35) HCD

(n = 40)

Primary outcome: change in the
number of gluten sensitivity

symptoms. Secondary outcomes
evaluated body mass index,

Revised Fibromyalgia Impact
Questionnaire, Pittsburgh Sleep

Quality Index, Brief Pain Inventory,
Beck Depression Inventory-II,
State-Trait Anxiety Inventory,

Short-Form Health Survey, Patient
Global Impression Scale of Severity,
Patient Global Impression Scale of
Improvement, and adverse events

Gluten sensitivity symptoms did
not differ significantly between the
GFD and HCD (GFD −2.44 ± 0.40;
HCD −2.10 ± 0.37; p = 0.343). Two
dietary interventions did not differ
in any of the remaining measured
secondary outcomes (FM-related
symptoms questionnaires). Both
dietary interventions were well

tolerated

GFD and HCD have both
beneficial outcomes in

reducing gluten sensitivity
symptoms and other

secondary outcomes. GFD
was not superior to HCD in

reducing the number of
gluten sensitivity symptoms

or secondary outcomes

FM: fibromyalgia; GFD: gluten free diet; HCD: hypocaloric diet; tTG2: tissue transglutaminase.
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8. Autoimmune Thyroiditis

The rationale behind the application of a GFD in autoimmune thyroiditis lies in the
association between celiac disease and other autoimmune diseases. Indeed, as stated by
the “leaky gut” theory [9], the increase in intestinal permeability, possibly triggered by
gluten ingestion, leads to autoimmunity in predisposed patients. Chronic autoimmune
thyroiditis (CAT) has a higher prevalence in females, and the coexistence of CD and CAT
ranges between 2–7.8% [70]. Nevertheless, the general assessment of a link between the
direct effect of gluten exposure and the development of autoimmune disorders is far from
granted [71].

A recent metanalysis [72] summarized the result of four studies regarding the effect of
a GFD on anti-thyroglobulin antibodies (TgAb), anti-thyroid peroxidase antibodies (TPO),
TSH, ft3, and ft4 levels in patients with CAT and no symptoms or histology of CD. The
statistical analyses highlight a decrease in TgAb and TPoAb, despite a wide variation of
the values being found. A statistically significant improvement is claimed for both TSH
and ft4. In contrast, the results reported in the single studies considered are heterogenous,
and are briefly discussed in the next paragraphs and in Table 2.

Krysiak et al. (2019) [73] found a significant reduction in anti-TPO and anti-TG after
6 months of GFD in patients with CAT, but TSH and free thyroid hormones were not
affected. The authors suggest a possible beneficial effect in euthyroid CAT women, which
might prevent the development of hypothyroidism.

Pobłocki et al. [74] highlighted an amelioration of TSH and ft4 only after logarithmic
transformation, at the end of 12 months of GFD in CAT patients. They conclude that a GFD
cannot be recommended in CAT patients.

Krysiak R. et al. (2022) [75] examined the effect of GFD plus vitamin D supplementa-
tion in women with CAT and NCGWS. No changes in TSH, ft3 and ft4 were found, and
only the group following a gluten containing diet plus vitamin D showed a decrease in
anti-TPO and anti-TG levels. The hypothesis of the authors is that GFD can reduce the
beneficial effects of vitamin D supplementation.

Abbott et al. [76] analyzed a wider dietary and lifestyle approach including the elim-
ination of legumes, nightshades, dairy, eggs, coffee, alcohol, nuts, seeds, refined/ultra-
processed sugars, oils, and food additives in addition to gluten, giving patients online
support. The latter might be misleading for the results of the metanalysis for the presence
of several variables and not only for the adherence to a GFD [72].

In conclusion, there are several limitations regarding the scarcity of the literature
on the topic, the small sample size of the studies, composed only of women, and their
heterogeneity (some studies included patients with positive anti-tissue transglutaminase
antibodies or NCGWS; others ruled out CD). To date, it is not possible to claim a beneficial
effect of a GFD in CAT, and more studies are needed to shed light on this topic. Moreover, it
should be kept in mind that a GFD is often linked to an inadequate intake of fats, proteins,
sodium, and vitamins, and it should be prescribed only when a clear beneficial effect is
acknowledged [77].
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Table 2. Experimental design studies relating chronic autoimmune thyroiditis and gluten-free diet.

Authors Type of Study Duration of GFD Population Methods Results Authors Conclusions

Poblocki J. et al.,
2021 [74]

Randomized
clinical trial

12 months of GFD
vs. any dietary

treatment

62 Caucasian women with
CAT. GFDG (n = 31); CG

(n = 31)

Serum concentrations of
TSH, ft3, ft4, anti-TPO, and
anti-TG2 were determined
in all patients at baseline,

after 3, 6, and 12 months of
observation

No differences were found in
anti-TPO and anti-TG antibodies or

ft3 and ft4 levels, except a
significant reduction in TSH

(p < 0.044) levels in the GFDG.
Analysis between appointments

presented no significant differences
in changes in concentrations of

anti-TPO, anti-TG, or ft3, but after
analyzing the changes in the

median concentration of the tested
blood indices, a significance was

noticed in TSH (p = 0.039) and fT4
(p = 0.022). An analysis of changes
in the concentration of the studied

parameters after logarithmic
transformation was also performed,
which showed the improvement in

anti-TG, TSH, and ft4 at 3, 6, and
12 months of the intervention

There are no clear
indications to routinely

follow a GFD because of
CAT, and it is necessary to
perform more studies to

assess if CAT patients
achieve the benefits of

following a GFD

Krysiak R. et al.,
2019 [73]

Prospective
nonrandom-

ized
study

6 months of GFD
vs. any dietary

treatment

34 women with CAT but
euthyroid. GFDG n = 16, CG

n = 18. Incidentally found
that positive anti-tissue

transglutaminase antibodies
without clinical symptoms
of coeliac disease was an

inclusion criteria

Serum titers of anti-TPO and
anti-TG, TSH, ft3, ft4,

25-hydroxyvitamin D were
measured. Based on

thyrotropin and free thyroid
hormone levels, Jostel’s
thyrotropin index, the

SPINA-GT index, and the
SPINA-GD index were

calculated.

CG: serum TSH and ft3, ft4 levels,
serum 25-hydroxyvitamin D level,
and calculated indices remained at

the similar levels. GFDG had
reduced thyroid antibody titers,

slightly increased
25-hydroxyvitamin D levels and the

SPINA-GT index. In GFDG, the
impact on TPOAb and TgAb titers
correlated with the changes in the

SPINA-GT index, whereas the
impact on TPOAb correlated with
the changes in 25-hydroxyvitamin

D levels

The GFD reduced serum
titers of TPOAb and TGAb
in euthyroid women with

CAT, which correlated with
the increase in the

SPINA-GT index. This
finding indicates that the
GFD may bring clinical

benefits to euthyroid women
with CAT, who, because of
markedly elevated thyroid
antibody titers, are at high
risk of the development of

hypothyroidism
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Table 2. Cont.

Authors Type of Study Duration of GFD Population Methods Results Authors Conclusions

Krysiak R. et al.,
2022 [75]

Pilot study,
case-control

study

12 months of
GFD + vit D

supplementation
vs. no dietary

intervention + vit
D supplementation

31 NCGWS woman with
CAT vs. 31 women matched
for thyroid antibody titers

Anti-TPO, Anti-TG,
plasmatic TSH, ft3, ft4,

prolactin,
25-hydroxyvitamin D, and

CRP were measured at entry
and after a 6-month

follow-up

In the CG, a significant decrease in
anti-TPO (p = 0.0017) and anti-TG

(p = 0.0056) level, and an increase in
vitamin D concentration

(p = 0.0006), were registered,
compared with the GFDG.

Although the typical diet showed
better results in improving anti-TPO

anti-TG and vitamin D than the
GFD, in both groups a significant
improvement in these parameters
was observed. No changes were
observed in the case of TSH, fT3,

and fT4 in the groups and
between them

The obtained results suggest
that GFD may impair

beneficial effects of
exogenous vitamin D in
individuals with CAT

TPO: thyroid peroxidase; TG: thyroglobulin; CRP: C reactive protein; CAT: chronic autoimmune thyroiditis; Ab: antibodies; GFDG: gluten-free diet group; CG: control group; QoL:
quality of life.
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9. Endometriosis

Endometriosis is characterized by the presence of endometrial-like tissue function-
ing outside the uterus, affecting 5–10% of women of reproductive age globally. It is a
challenging disease, often misdiagnosed, that constitutes a burden for patients affected,
due to its social impact and the coexistence of other conditions such as fibromyalgia, mi-
graines, IBS [78]. Indeed, studies analyzing health-related QoL of women suffering from
endometriosis correlates the disease with an increased incidence of depression and anxiety,
especially related to chronic pain [79]. Moreover, therapies currently available are in most
cases inadequate for a proper management of symptoms [78].

For these reasons, many women seek non-medical intervention to relieve pain and im-
prove their QoL such as exercise, meditation, and dietary changes [80,81]. A cross-sectional
study by Mazza et al. [82] developed an online questionnaire monitoring self-reported
changes in eating habits after an endometriosis diagnosis. Of 4078 women, 17% reported
having autoimmune disease, and, more specifically, CD was reported by 1.2% of the popu-
lation. Among the total study population, a percentage of 66.4% of women changed their
dietary habits, with the majority choosing a GFD (15%). As stated by the authors, these
findings are probably indicating an attempt to manage inflammation, especially in stage IV
disease. The choice of avoiding gluten might be sustained by an increased awareness of the
impact of nutrition on health. To date, we found only a retrospective study [83] (Table 3)
that investigated GFD as a tool for the management of endometriosis-related pain and QoL.
The research was conducted on 207 women on a GFD for 12 months. Three-quarters of
patients (156 subjects, 75%) reported a statistically significant change in painful symptoms
(p < 0.005), and an amelioration of all domains of physical functioning, general health
perception, vitality, social functioning, and mental health was observed in all patients
(p < 0.005).

Table 3. Experimental design study relating endometriosis and gluten-free diet.

Authors Type of
Study

Duration of
GFD Population Methods Results Author’s

Conclusions

Marziali
M. et al.,
2012 [83]

Retrospective
study 1 year of GFD

207 women with
severe painful

endometriosis-related
symptoms

Baseline values of
painful symptoms
were assessed by

Visual Analogue Scale
(VAS) for

dysmenorrhea,
nonmenstrual pelvic

pain, and
dyspareunia, and
re-evaluated after

12 months

At 12-month follow-up,
156 patients (75%)

reported statistically
significant change in
painful symptoms

(p < 0.005), 51 patients
(25%) reported any

improvement of
symptoms. No patients
reported worsening of
pain. A considerable

increase in scores for all
domains of physical
functioning, general

health perception, vitality,
social functioning, and

mental health was
observed in all patients

(p < 0.005)

Painful
symptoms of

endometriosis
decrease after
12 months of

GFD

GFD: gluten-free diet.

Thus, it seems clear that diet management in patients with endometriosis is a topic
that needs to be properly addressed [81]. Despite the encouraging results of the study
here presented, the scarceness of higher-quality and larger sample studies represents an
insurmountable limit that sets us far back from prescribing a GFD in endometriosis [84].
Moreover, pathogenetic hints on the reason why a GFD should be beneficial are lacking.
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10. Conclusions

A GFD is often erroneously considered both a healthy lifestyle choice and an option
for the management of different diseases, particularly by women [13,14]. De facto, without
a nutritional supervision, a GFD tends to be unbalanced in its caloric and nutritional values.
Moreover, it is usually more expensive and socially impactful, and therefore hard to follow.

Despite the presence of hints that might suggest the involvement of gluten or other
wheat compounds (such as ATIs) in the development of AD or other diseases involving
a dysregulation of the immune system, GFD is not for everyone. The only condition that
requires a strict adherence to gluten avoidance is CD. NCGWS patients benefit from a
gluten restriction, which might not be lifelong.

The literature summarized in this study is not sufficient to suggest the application of a
GF regime as a dietary treatment for FM, CAT, and endometriosis. The experimental design
studies relating the application of a GFD were only (1) four for FM [64,65,68,69], (2) three
for CAT [73–75], (3) one for endometriosis [83]. Therefore, there is a need for higher-quality
studies with a proper stratification of the patients to better define a role for gluten in the
management of different pathological conditions. Moreover, there is a concrete risk of
nutritional imbalance, especially when professional support is not provided.

Instead, according with the experience derived from NCGWS studies, we can suggest
looking for NCGWS in patients with FM. Also, we suggest that in patients with AD, the
presence of both CD and NCGWS should be evaluated. Only in the case of the coexistence of
gluten-related disorders do we recommend gluten restriction, here proven to be beneficial.

Author Contributions: Conceptualization, F.M., L.L. and G.C.; methodology, F.M., L.L. and G.C.;
writing—original draft preparation, F.M., L.L. and G.C.; writing—review and editing, F.M., L.L., A.C.,
F.C. and U.V.; supervision, U.V., R.D.G. and G.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the University of Ferrara, with 2023 FAR funds to G.C; Italian
Ministry of Public Health: Ricerca Finalizzata 2016, project code: RF 2016-02364814.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Ye, L.; Zheng, W.; Li, X.; Han, W.; Shen, J.; Lin, Q.; Hou, L.; Liao, L.; Zeng, X. The Role of Gluten in Food Products and Dietary

Restriction: Exploring the Potential for Restoring Immune Tolerance. Foods 2023, 12, 4179. [CrossRef] [PubMed]
2. Veraverbeke, W.S.; Delcour, J.A. Wheat Protein Composition and Properties of Wheat Glutenin in Relation to Breadmaking

Functionality. Crit. Rev. Food Sci. Nutr. 2002, 42, 179–208. [CrossRef] [PubMed]
3. 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, 1832. [CrossRef]
[PubMed]

4. Geisslitz, S.; Shewry, P.; Brouns, F.; America, A.H.P.; Caio, G.P.I.; Daly, M.; D’Amico, S.; De Giorgio, R.; Gilissen, L.; Grausgruber,
H.; et al. Wheat ATIs: Characteristics and Role in Human Disease. Front. Nutr. 2021, 8, 667370. [CrossRef] [PubMed]

5. Clemente, M.G.; De Virgiliis, S.; Kang, J.S.; Macatagney, R.; Musu, M.P.; Di Pierro, M.R.; Drago, S.; Congia, M.; Fasano, A. Early
effects of gliadin on enterocyte intracellular signalling involved in intestinal barrier function. Gut 2003, 52, 218–223. [CrossRef]
[PubMed]

6. Junker, Y.; Zeissig, S.; Kim, S.-J.; Barisani, D.; Wieser, H.; Leffler, D.A.; Zevallos, V.; Libermann, T.A.; Dillon, S.; Freitag, T.L.;
et al. Wheat amylase trypsin inhibitors drive intestinal inflammation via activation of toll-like receptor 4. J. Exp. Med. 2012, 209,
2395–2408. [CrossRef] [PubMed]

7. Biesiekierski, J.R.; Peters, S.L.; Newnham, E.D.; Rosella, O.; Muir, J.G.; Gibson, P.R. No effects of gluten in patients with
self-reported non-celiac gluten sensitivity after dietary reduction of fermentable, poorly absorbed, short-chain carbohydrates.
Gas-troenterology 2013, 145, 320–328.e3. [CrossRef] [PubMed]

8. Volta, U.; Caio, G.; Karunaratne, T.B.; Alaedini, A.; De Giorgio, R. Non-coeliac gluten/wheat sensitivity: Advances in knowledge
and relevant questions. Expert Rev. Gastroenterol. Hepatol. 2017, 11, 9–18. [CrossRef]

9. Fasano, A. All disease begins in the (leaky) gut: Role of zonulin-mediated gut permeability in the pathogenesis of some chronic
inflammatory diseases. F1000Research 2020, 9, 69. [CrossRef]

10. El Asmar, R.; Panigrahi, P.; Bamford, P.; Berti, I.; Not, T.; Coppa, G.V.; Catassi, C.; Fasano, A. Host-dependent zonulin secretion
causes the impairment of the small intestine barrier function after bacterial exposure. Gastroenterology 2002, 123, 1607–1615.
[CrossRef]

https://doi.org/10.3390/foods12224179
https://www.ncbi.nlm.nih.gov/pubmed/38002235
https://doi.org/10.1080/10408690290825510
https://www.ncbi.nlm.nih.gov/pubmed/12058979
https://doi.org/10.3390/nu12061832
https://www.ncbi.nlm.nih.gov/pubmed/32575561
https://doi.org/10.3389/fnut.2021.667370
https://www.ncbi.nlm.nih.gov/pubmed/34124122
https://doi.org/10.1136/gut.52.2.218
https://www.ncbi.nlm.nih.gov/pubmed/12524403
https://doi.org/10.1084/jem.20102660
https://www.ncbi.nlm.nih.gov/pubmed/23209313
https://doi.org/10.1053/j.gastro.2013.04.051
https://www.ncbi.nlm.nih.gov/pubmed/23648697
https://doi.org/10.1080/17474124.2017.1260003
https://doi.org/10.12688/f1000research.20510.1
https://doi.org/10.1053/gast.2002.36578


Nutrients 2024, 16, 322 13 of 15

11. Drago, S.; El Asmar, R.; Di Pierro, M.; Grazia Clemente, M.; Tripathi, A.; Sapone, A.; Thakar, M.; Iacono, G.; Carroccio, A.; D’Agate,
C.; et al. Gliadin, zonulin and gut permeability: Effects on celiac and non-celiac intestinal mucosa and intestinal cell lines. Scand.
J. Gastroenterol. 2006, 41, 408–419. [CrossRef] [PubMed]

12. Europe Gluten-Free Food Market—Analysis, Growth, Share. Available online: https://www.mordorintelligence.com/industry-
reports/europe-gluten-free-foods-beverages-market-industry (accessed on 24 October 2023).

13. Fry, L.; Madden, A.M.; 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, 108–120. [CrossRef] [PubMed]

14. Pellegrini, N.; Agostoni, C. Nutritional aspects of gluten-free products. J. Sci. Food Agric. 2015, 95, 2380–2385. [CrossRef]
[PubMed]

15. Vici, G.; Belli, L.; Biondi, M.; Polzonetti, V. Gluten free diet and nutrient deficiencies: A review. Clin. Nutr. 2016, 35, 1236–1241.
[CrossRef] [PubMed]

16. Niland, B.; Cash, B.D. Health Benefits and Adverse Effects of a Gluten-Free Diet in Non–Celiac Disease Patients. Gastroenterol.
Hepatol. 2018, 14, 82–91.

17. Cabrera-Chávez, F.; Dezar, G.V.A.; Islas-Zamorano, A.P.; Espinoza-Alderete, J.G.; Vergara-Jiménez, M.J.; Magaña-Ordorica,
D.; Ontiveros, N. Prevalence of Self-Reported Gluten Sensitivity and Adherence to a Gluten-Free Diet in Argentinian Adult
Population. Nutrients 2017, 9, 81. [CrossRef]

18. Ontiveros, N.; Rodríguez-Ontiveros, N.; Rodríguez-Bellegarrigue, C.I.; Galicia-Rodríguez, G.; Vergara-Jiménez, M.D.J.; Zepeda-
Gómez, E.M.; Arámburo-Galvez, J.G.; Gracia-Valenzuela, M.H.; Cabrera-Chávez, F. Prevalence of Self-Reported Glu-ten-Related
Disorders and Adherence to a Gluten-Free Diet in Salvadoran Adult Population. Int. J. Environ. Res. Public. Health 2018, 15, 786.
[CrossRef]

19. Christoph, M.J.; Larson, N.; Hootman, K.C.; Miller, J.M.; Neumark-Sztainer, D. Who Values Gluten-Free? Dietary Intake, Be-
haviors, and Sociodemographic Characteristics of Young Adults Who Value Gluten-Free Food. J. Acad. Nutr. Diet. 2018, 118,
1389–1398. [CrossRef]

20. Perrin, L.; Allès, B.; Buscail, C.; Ravel, C.; Hercberg, S.; Julia, C.; Kesse-Guyot, E. Gluten-free diet in French adults without coeliac
disease: Sociodemographic characteristics, motives and dietary profile. Br. J. Nutr. 2019, 122, 231–239. [CrossRef]

21. Palma, G.D.; Nadal, I.; Collado, M.C.; Sanz, Y. Effects of a gluten-free diet on gut microbiota and immune function in healthy
adult human subjects. Br. J. Nutr. 2009, 102, 1154–1160. [CrossRef]

22. Caio, G.; Volta, U.; Sapone, A.; Leffler, D.A.; De Giorgio, R.; Catassi, C.; Fasano, A. Celiac disease: A comprehensive current
review. BMC Med. 2019, 17, 142. [CrossRef] [PubMed]

23. Lionetti, E.; Pjetraj, D.; Gatti, S.; Catassi, G.; Bellantoni, A.; Boffardi, M.; Cananzi, M.; Cinquetti, M.; Francavilla, R.; Malamisura,
B.; et al. Prevalence and detection rate of celiac disease in Italy: Results of a SIGENP multicenter screening in school-age children.
Dig. Liver Dis. 2023, 55, 608–613. [CrossRef] [PubMed]

24. Singh, P.; Arora, A.; Strand, T.A.; Leffler, D.A.; Catassi, C.; Green, P.H.; Kelly, C.P.; Ahuja, V.; Makharia, G.K. Global Prevalence of
Celiac Disease: Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2018, 16, 823–836. [CrossRef] [PubMed]

25. Mäki, M.; Collin, P. Coeliac disease. Lancet 1997, 349, 1755–1759. [CrossRef] [PubMed]
26. Volta, U.; Caio, G.; Tovoli, F.; De Giorgio, R. Gut-liver axis: An immune link between celiac disease and primary biliary cirrhosis.

Expert Rev. Gastroenterol. Hepatol. 2013, 7, 253–261. [CrossRef] [PubMed]
27. Caio, G.; De Giorgio, R.; Ursini, F.; Fanaro, S.; Volta, U. Prevalence of celiac disease serological markers in a cohort of Italian

rheumatological patients. Gastroenterol. Hepatol. Bed Bench 2018, 11, 244–249. [PubMed]
28. Caio, G.; De Giorgio, R.; Venturi, A.; Giancola, F.; Latorre, R.; Boschetti, E.; Serra, M.; Ruggeri, E.; Volta, U. Clinical and immu-

nological relevance of anti-neuronal antibodies in celiac disease with neurological manifestations. Gastroenterol. Hepatol. Bed
Bench 2015, 8, 146–152.

29. Volta, U.; Caio, G.; Stanghellini, V.; De Giorgio, R. The changing clinical profile of celiac disease: A 15-year experience (1998–2012)
in an Italian referral center. BMC Gastroenterol. 2014, 14, 194. [CrossRef]

30. Jacobsson, L.R.; Hallert, C.; Milberg, A.; Friedrichsen, M. Coeliac disease—Women’s experiences in everyday life. J. Clin. Nurs.
2012, 21, 3442–3450. [CrossRef]

31. Hallert, C.; Sandlund, O.; Broqvist, M. Perceptions of health-related quality of life of men and women living with coeliac disease.
Scand. J. Caring Sci. 2003, 17, 301–307. [CrossRef]

32. Ciacci, C.; Iavarone, A.; Siniscalchi, M.; Romano, R.; De Rosa, A. Psychological dimensions of celiac disease: Toward an integrated
approach. Dig. Dis. Sci. 2002, 47, 2082–2087. [CrossRef]

33. Lasa, J.S.; Zubiaurre, I.; Soifer, L.O. RISK OF INFERTILITY IN PATIENTS WITH CELIAC DISEASE: A meta-analysis of observa-
tional studies. Arq. Gastroenterol. 2014, 51, 144–150. [CrossRef]

34. Khoshbaten, M.; Rostami Nejad, M.; Farzady, L.; Sharifi, N.; Hashemi, S.H.; Rostami, K. Fertility disorder associated with celiac
disease in males and females: Fact or fiction? J. Obstet. Gynaecol. Res. 2011, 37, 1308–1312. [CrossRef]

35. Meloni, G.F.; Dessole, S.; Vargiu, N.; Tomasi, P.A.; Musumeci, S. The prevalence of coeliac disease in infertility. Hum. Reprod. 1999,
14, 2759–2761. [CrossRef]

36. Collin, P.; Vilska, S.; Heinonen, P.K.; Hällström, O.; Pikkarainen, P. Infertility and coeliac disease. Gut 1996, 39, 382–384. [CrossRef]
37. Shah, S.; Leffler, D. Celiac disease: An underappreciated issue in women’s health. Womens Health 2010, 6, 753–766. [CrossRef]

https://doi.org/10.1080/00365520500235334
https://www.ncbi.nlm.nih.gov/pubmed/16635908
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
https://doi.org/10.1111/jhn.12502
https://www.ncbi.nlm.nih.gov/pubmed/28851025
https://doi.org/10.1002/jsfa.7101
https://www.ncbi.nlm.nih.gov/pubmed/25615408
https://doi.org/10.1016/j.clnu.2016.05.002
https://www.ncbi.nlm.nih.gov/pubmed/27211234
https://doi.org/10.3390/nu9010081
https://doi.org/10.3390/ijerph15040786
https://doi.org/10.1016/j.jand.2018.04.007
https://doi.org/10.1017/S0007114519001053
https://doi.org/10.1017/S0007114509371767
https://doi.org/10.1186/s12916-019-1380-z
https://www.ncbi.nlm.nih.gov/pubmed/31331324
https://doi.org/10.1016/j.dld.2022.12.023
https://www.ncbi.nlm.nih.gov/pubmed/36682923
https://doi.org/10.1016/j.cgh.2017.06.037
https://www.ncbi.nlm.nih.gov/pubmed/29551598
https://doi.org/10.1016/S0140-6736(96)70237-4
https://www.ncbi.nlm.nih.gov/pubmed/9193393
https://doi.org/10.1586/egh.13.5
https://www.ncbi.nlm.nih.gov/pubmed/23445234
https://www.ncbi.nlm.nih.gov/pubmed/30013749
https://doi.org/10.1186/s12876-014-0194-x
https://doi.org/10.1111/j.1365-2702.2012.04279.x
https://doi.org/10.1046/j.1471-6712.2003.00228.x
https://doi.org/10.1023/A:1019637315763
https://doi.org/10.1590/S0004-28032014000200014
https://doi.org/10.1111/j.1447-0756.2010.01518.x
https://doi.org/10.1093/humrep/14.11.2759
https://doi.org/10.1136/gut.39.3.382
https://doi.org/10.2217/WHE.10.57


Nutrients 2024, 16, 322 14 of 15

38. Tursi, A.; Giorgetti, G.; Brandimarte, G.; Elisei, W. Effect of Gluten-Free Diet on Pregnancy Outcome in Celiac Disease Patients
with Recurrent Miscarriages. Dig. Dis. Sci. 2008, 53, 2925–2928. [CrossRef]

39. Lungaro, L.; Manza, F.; Costanzini, A.; Barbalinardo, M.; Gentili, D.; Caputo, F.; Guarino, M.; Zoli, G.; Volta, U.; De Giorgio, R.;
et al. Osteoporosis and Celiac Disease: Updates and Hidden Pitfalls. Nutrients 2023, 15, 1089. [CrossRef]

40. Verma, A.; Lata, K.; Khanna, A.; Singh, R.; Sachdeva, A.; Jindal, P.; Yadav, S. Study of effect of gluten-free diet on vitamin D levels
and bone mineral density in celiac disease patients. J. Fam. Med. Prim. Care 2022, 11, 603–607. [CrossRef]

41. Valdimarsson, T.; Löfman, O.; Toss, G.; Ström, M. Reversal of osteopenia with diet in adult coeliac disease. Gut 1996, 38, 322–327.
[CrossRef] [PubMed]

42. Ludvigsson, J.F.; Bai, J.C.; Biagi, F.; Card, T.R.; Ciacci, C.; Ciclitira, P.J.; Green, P.H.R.; Hadjivassiliou, M.; Holdoway, A.; van Heel,
D.A.; et al. Diagnosis and management of adult coeliac disease: Guidelines from the British Society of Gastroenterology. Gut
2014, 63, 1210–1228. [CrossRef] [PubMed]

43. Itzlinger, A.; Branchi, F.; Elli, L.; Schumann, M. Gluten-Free Diet in Celiac Disease—Forever and for All? Nutrients 2018, 10, 1796.
[CrossRef]

44. Abdi, F.; Zuberi, S.; Blom, J.-J.; Armstrong, D.; Pinto-Sanchez, M.I. Nutritional Considerations in Celiac Disease and Non-Celiac
Gluten/Wheat Sensitivity. Nutrients 2023, 15, 1475. [CrossRef] [PubMed]

45. Leffler, D.A.; Dennis, M.; Hyett, B.; Kelly, E.; Schuppan, D.; Kelly, C.P. Etiologies and predictors of diagnosis in nonresponsive
celiac disease. Clin. Gastroenterol. Hepatol. 2007, 5, 445–450. [CrossRef] [PubMed]

46. Van Megen, F.; Skodje, G.I.; Stendahl, M.; Veierød, M.B.; Lundin, K.E.A.; Henriksen, C. High disease burden in treated celiac
patients—A web-based survey. Scand. J. Gastroenterol. 2021, 56, 882–888. [CrossRef]

47. Husby, S.; Bai, J.C. Follow-up of Celiac Disease. Gastroenterol. Clin. N. Am. 2019, 48, 127–136. [CrossRef]
48. Catassi, C.; Elli, L.; Bonaz, B.; Bouma, G.; Carroccio, A.; Castillejo, G.; Cellier, C.; Cristofori, F.; de Magistris, L.; Dolinsek, J.; et al.

Diagnosis of Non-Celiac Gluten Sensitivity (NCGS): The Salerno Experts’ Criteria. Nutrients 2015, 7, 4966–4977. [CrossRef]
49. Reese, I.; Schäfer, C.; Kleine-Tebbe, J.; Ahrens, B.; Bachmann, O.; Ballmer-Weber, B.; Beyer, K.; Bischoff, S.C.; Blümchen, K.; Dölle,

S.; et al. Non-celiac gluten/wheat sensitivity (NCGS)—A currently undefined disorder without validated diagnostic criteria and
of unknown prevalence. Allergo J. Int. 2018, 27, 147–151. [CrossRef]

50. Sergi, C.; Villanacci, V.; Carroccio, A. Non-celiac wheat sensitivity: Rationality and irrationality of a gluten-free diet in individuals
affected with non-celiac disease: A review. BMC Gastroenterol. 2021, 21, 5. [CrossRef]

51. Carroccio, A.; Soresi, M.; D’Alcamo, A.; Sciumè, C.; Iacono, G.; Geraci, G.; Brusca, I.; Seidita, A.; Adragna, F.; Carta, M.; et al. Risk
of low bone mineral density and low body mass index in patients with non-celiac wheat-sensitivity: A prospective observation
study. BMC Med. 2014, 12, 230. [CrossRef]

52. Mansueto, P.; Soresi, M.; Candore, G.; Garlisi, C.; Fayer, F.; Gambino, C.M.; La Blasca, F.; Seidita, A.; D’Alcamo, A.; Lo Sasso, B.;
et al. Autoimmunity Features in Patients with Non-Celiac Wheat Sensitivity. Am. J. Gastroenterol. 2021, 116, 1015–1023. [CrossRef]
[PubMed]

53. Sperber, A.D.; Bangdiwala, S.I.; Drossman, D.A.; Ghoshal, U.C.; Simren, M.; Tack, J.; Whitehead, W.E.; Dumitrascu, D.L.; Fang,
X.; Fukudo, S.; et al. Worldwide Prevalence and Burden of Functional Gastrointestinal Disorders, Results of Rome Foundation
Global Study. Gastroenterology 2021, 160, 99–114. [CrossRef] [PubMed]

54. Drossman, D.A. Functional Gastrointestinal Disorders: History, Pathophysiology, Clinical Features and Rome IV. Gastroenter-ology
2016, 150, 1262–1279. [CrossRef]

55. Altobelli, E.; Del Negro, V.; Angeletti, P.M.; Latella, G. Low-FODMAP Diet Improves Irritable Bowel Syndrome Symptoms: A
Meta-Analysis. Nutrients 2017, 9, 940. [CrossRef] [PubMed]

56. Varjú, P.; Farkas, N.; Hegyi, P.; Garami, A.; Szabó, I.; Illés, A.; Solymár, M.; Vincze, Á.; Balaskó, M.; Pár, G.; et al. Low fermentable
oligosaccharides, disaccharides, monosaccharides and polyols (FODMAP) diet improves symptoms in adults suffering from
irritable bowel syndrome (IBS) compared to standard IBS diet: A meta-analysis of clinical studies. PLoS ONE 2017, 12, e0182942.
[CrossRef] [PubMed]

57. Haskå, L.; Nyman, M.; Andersson, R. Distribution and characterisation of fructan in wheat milling fractions. J. Cereal Sci. 2008, 48,
768–774. [CrossRef]

58. Biesiekierski, J.R.; Rosella, O.; Rose, R.; Liels, K.; Barrett, J.S.; Shepherd, S.J.; Gibson, P.R.; Muir, J.G. Quantification of fructans,
galacto-oligosacharides and other short-chain carbohydrates in processed grains and cereals. J. Hum. Nutr. Diet. 2011, 24, 154–176.
[CrossRef]

59. Catassi, C.; Alaedini, A.; Bojarski, C.; Bonaz, B.; Bouma, G.; Carroccio, A.; Castillejo, G.; De Magistris, L.; Dieterich, W.; Di Liberto,
D.; et al. The Overlapping Area of Non-Celiac Gluten Sensitivity (NCGS) and Wheat-Sensitive Irritable Bowel Syndrome (IBS):
An Update. Nutrients 2017, 9, 1268. [CrossRef]

60. Aziz, I.; Lewis, N.R.; Hadjivassiliou, M.; Winfield, S.N.; Rugg, N.; Kelsall, A.; Newrick, L.; Sanders, D.S. A UK study assessing
the population prevalence of self-reported gluten sensitivity and referral characteristics to secondary care. Eur. J. Gastroenterol.
Hepatol. 2014, 26, 33–39. [CrossRef]

61. Volta, U.; Caio, G.; De Giorgio, R.; Henriksen, C.; Skodje, G.; Lundin, K.E. Non-celiac gluten sensitivity: A work-in-progress
entity in the spectrum of wheat-related disorders. Best Pr. Res. Clin. Gastroenterol. 2015, 29, 477–491. [CrossRef]

62. Macfarlane, G.J.; Kronisch, C.; Dean, L.E.; Atzeni, F.; Häuser, W.; Fluß, E.; Choy, E.; Kosek, E.; Amris, K.; Branco, J.; et al. EULAR
revised recommendations for the management of fibromyalgia. Ann. Rheum. Dis. 2017, 76, 318–328. [CrossRef] [PubMed]

https://doi.org/10.1007/s10620-008-0242-x
https://doi.org/10.3390/nu15051089
https://doi.org/10.4103/jfmpc.jfmpc_1190_21
https://doi.org/10.1136/gut.38.3.322
https://www.ncbi.nlm.nih.gov/pubmed/8675082
https://doi.org/10.1136/gutjnl-2013-306578
https://www.ncbi.nlm.nih.gov/pubmed/24917550
https://doi.org/10.3390/nu10111796
https://doi.org/10.3390/nu15061475
https://www.ncbi.nlm.nih.gov/pubmed/36986205
https://doi.org/10.1016/j.cgh.2006.12.006
https://www.ncbi.nlm.nih.gov/pubmed/17382600
https://doi.org/10.1080/00365521.2021.1930146
https://doi.org/10.1016/j.gtc.2018.09.009
https://doi.org/10.3390/nu7064966
https://doi.org/10.1007/s40629-018-0070-2
https://doi.org/10.1186/s12876-020-01568-6
https://doi.org/10.1186/s12916-014-0230-2
https://doi.org/10.14309/ajg.0000000000000919
https://www.ncbi.nlm.nih.gov/pubmed/33009065
https://doi.org/10.1053/j.gastro.2020.04.014
https://www.ncbi.nlm.nih.gov/pubmed/32294476
https://doi.org/10.1053/j.gastro.2016.02.032
https://doi.org/10.3390/nu9090940
https://www.ncbi.nlm.nih.gov/pubmed/28846594
https://doi.org/10.1371/journal.pone.0182942
https://www.ncbi.nlm.nih.gov/pubmed/28806407
https://doi.org/10.1016/j.jcs.2008.05.002
https://doi.org/10.1111/j.1365-277X.2010.01139.x
https://doi.org/10.3390/nu9111268
https://doi.org/10.1097/01.meg.0000435546.87251.f7
https://doi.org/10.1016/j.bpg.2015.04.006
https://doi.org/10.1136/annrheumdis-2016-209724
https://www.ncbi.nlm.nih.gov/pubmed/27377815


Nutrients 2024, 16, 322 15 of 15

63. Aman, M.M.; Jason Yong, R.; Kaye, A.D.; Urman, R.D. Evidence-Based Non-Pharmacological Therapies for Fibromyalgia. Curr.
Pain Headache Rep. 2018, 22, 33. [CrossRef] [PubMed]

64. Rodrigo, L.; Blanco, I.; Bobes, J.; de Serres, F.J. Effect of one year of a gluten-free diet on the clinical evolution of irritable bowel
syndrome plus fibromyalgia in patients with associated lymphocytic enteritis: A case-control study. Arthritis Res. Ther. 2014,
16, 421. [CrossRef] [PubMed]

65. Slim, M.; Calandre, E.P.; Garcia-Leiva, J.M.; Rico-Villademoros, F.; Molina-Barea, R.; Rodriguez-Lopez, C.M.; Morillas-Arques, P.
The Effects of a Gluten-free Diet Versus a Hypocaloric Diet Among Patients with Fibromyalgia Experiencing Gluten Sensitivity-like
Symptoms: A Pilot, Open-Label Randomized Clinical Trial. J. Clin. Gastroenterol. 2017, 51, 500–507. [CrossRef] [PubMed]

66. Almirall, M.; Casellas, F.; Dot, J.; de Torres, I.; Segurola, H.; Marsal, S. Prevalence of non-coeliac gluten sensitivity and assessment
of the response to gluten-free diet in a cohort of patients with fibromyalgia. Rheumatology 2023, 62, 1069–1077. [CrossRef]
[PubMed]

67. Volta, U. Gluten-free diet in the management of patients with irritable bowel syndrome, fibromyalgia and lymphocytic enteritis.
Arthritis Res. Ther. 2014, 16, 505. [CrossRef]

68. Rodrigo, L.; Blanco, I.; Bobes, J.; de Serres, F.J. Clinical impact of a gluten-free diet on health-related quality of life in seven
fi-bromyalgia syndrome patients with associated celiac disease. BMC Gastroenterol. 2013, 13, 157. [CrossRef]

69. Isasi, C.; Colmenero, I.; Casco, F.; Tejerina, E.; Fernandez, N.; Serrano-Vela, J.I.; Castro, M.J.; Villa, L.F. Fibromyalgia and non-celiac
gluten sensitivity: A description with remission of fibromyalgia. Rheumatol. Int. 2014, 34, 1607–1612. [CrossRef]

70. Malandrini, S.; Trimboli, P.; Guzzaloni, G.; Virili, C.; Lucchini, B. What about TSH and Anti-Thyroid Antibodies in Patients with
Autoimmune Thyroiditis and Celiac Disease Using a Gluten-Free Diet? A Systematic Review. Nutrients 2022, 14, 1681. [CrossRef]

71. Lundin, K.E.A.; Wijmenga, C. Coeliac disease and autoimmune disease—Genetic overlap and screening. Nat. Rev. Gastroenterol.
Hepatol. 2015, 12, 507–515. [CrossRef]

72. Piticchio, T.; Frasca, F.; Malandrino, P.; Trimboli, P.; Carrubba, N.; Tumminia, A.; Vinciguerra, F.; Frittitta, L. Effect of gluten-free
diet on autoimmune thyroiditis progression in patients with no symptoms or histology of celiac disease: A meta-analysis. Front.
Endocrinol. 2023, 14, 1200372. [CrossRef] [PubMed]
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75. Krysiak, R.; Kowalcze, K.; Okopień, B. Gluten-free diet attenuates the impact of exogenous vitamin D on thyroid autoimmunity
in young women with autoimmune thyroiditis: A pilot study. Scand. J. Clin. Lab. Investig. 2022, 82, 518–524. [CrossRef] [PubMed]

76. Abbott, R.D.; Sadowski, A.; Alt, A.G. Efficacy of the Autoimmune Protocol Diet as Part of a Multi-disciplinary, Supported
Lifestyle Intervention for Hashimoto’s Thyroiditis. Cureus 2019, 11, e4556. [CrossRef] [PubMed]

77. Melini, V.; Melini, F. Gluten-Free Diet: Gaps and Needs for a Healthier Diet. Nutrients 2019, 11, 170. [CrossRef]
78. Taylor, H.S.; Kotlyar, A.M.; Flores, V.A. Endometriosis is a chronic systemic disease: Clinical challenges and novel innovations.

Lancet 2021, 397, 839–852. [CrossRef]
79. van Barneveld, E.; Manders, J.; van Osch, F.H.M.; van Poll, M.; Visser, L.; van Hanegem, N.; Lim, A.C.; Bongers, M.Y.; Leue, C.

Depression, Anxiety, and Correlating Factors in Endometriosis: A Systematic Review and Meta-Analysis. J. Womens Health 2022,
31, 219–230. [CrossRef]

80. O’Hara, R.; Rowe, H.; Fisher, J. Self-management in condition-specific health: A systematic review of the evidence among women
diagnosed with endometriosis. BMC Womens Health 2019, 19, 80. [CrossRef]

81. Nap, A.; de Roos, N. Endometriosis and the effects of dietary interventions: What are we looking for? Reprod. Fertil. 2022, 3,
C14–C22. [CrossRef]

82. Mazza, E.; Troiano, E.; Mazza, S.; Ferro, Y.; Abbinante, A.; Agneta, M.T.; Montalcini, T.; Pujia, A. The impact of endometriosis on
dietary choices and activities of everyday life: A cross-sectional study. Front. Nutr. 2023, 10, 1273976. [CrossRef]

83. Marziali, M.; Venza, M.; Lazzaro, S.; Lazzaro, A.; Micossi, C.; Stolfi, V.M. Gluten-free diet: A new strategy for management of
painful endometriosis related symptoms? Minerva Chir. 2012, 67, 499–504.

84. Brouns, F.; Van Haaps, A.; Keszthelyi, D.; Venema, K.; Bongers, M.; Maas, J.; Mijatovic, V. Diet associations in endometriosis: A
critical narrative assessment with special reference to gluten. Front. Nutr. 2023, 10, 1166929. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s11916-018-0688-2
https://www.ncbi.nlm.nih.gov/pubmed/29619620
https://doi.org/10.1186/s13075-014-0421-4
https://www.ncbi.nlm.nih.gov/pubmed/25160886
https://doi.org/10.1097/MCG.0000000000000651
https://www.ncbi.nlm.nih.gov/pubmed/27548732
https://doi.org/10.1093/rheumatology/keac434
https://www.ncbi.nlm.nih.gov/pubmed/35900154
https://doi.org/10.1186/s13075-014-0505-1
https://doi.org/10.1186/1471-230X-13-157
https://doi.org/10.1007/s00296-014-2990-6
https://doi.org/10.3390/nu14081681
https://doi.org/10.1038/nrgastro.2015.136
https://doi.org/10.3389/fendo.2023.1200372
https://www.ncbi.nlm.nih.gov/pubmed/37554764
https://doi.org/10.1055/a-0653-7108
https://www.ncbi.nlm.nih.gov/pubmed/30060266
https://doi.org/10.3390/jcm10153240
https://www.ncbi.nlm.nih.gov/pubmed/34362024
https://doi.org/10.1080/00365513.2022.2129434
https://www.ncbi.nlm.nih.gov/pubmed/36200764
https://doi.org/10.7759/cureus.4556
https://www.ncbi.nlm.nih.gov/pubmed/31275780
https://doi.org/10.3390/nu11010170
https://doi.org/10.1016/S0140-6736(21)00389-5
https://doi.org/10.1089/jwh.2021.0021
https://doi.org/10.1186/s12905-019-0774-6
https://doi.org/10.1530/RAF-21-0110
https://doi.org/10.3389/fnut.2023.1273976
https://doi.org/10.3389/fnut.2023.1166929

	Wheat and Gluten 
	Wheat as a Trigger of Immune Response: The Leaky Gut 
	What Is a Gluten-Free Diet? 
	Methods 
	Celiac Disease 
	Non-Celiac Gluten/Wheat Sensitivity (NCGWS) and Irritable Bowel Syndrome (IBS) 
	Fibromyalgia 
	Autoimmune Thyroiditis 
	Endometriosis 
	Conclusions 
	References

