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Abstract An association between many psychiatric and

gluten-related disorders has been known for some time. In

the case of schizophrenia and mood disorders, the major

psychiatric disorders, there is much evidence, not without

contradictions, of a possible association between schizo-

phrenia and celiac disease. The association between mood

disorders and gluten-related disorders, especially celiac

disease, has only been studied for depression, often coupled

with anxiety, and very recently for bipolar disorder. Since

non-celiac gluten sensitivity is now known to be different

from celiac disease, many studies have shown that gluten

sensitivity is also associated with major psychiatric disor-

ders. Here we review the literature on the association

between schizophrenia/mood disorders and celiac disease/

gluten sensitivity, pointing out the differences between

these associations.
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Introduction

An increased rate of autoimmune diseases has been dem-

onstrated in individuals with psychiatric disorders such as

schizophrenia (SCZ) [1, 2] and mood disorders (MD) [3, 4].

Individuals diagnosed as having an autoimmune disease are

also likely to be at increased risk of psychiatric disorders.

Thus, the involvement of autoimmune mechanisms is

increasingly held responsible for the pathogenesis of psy-

chiatric disorders. Among autoimmune diseases, celiac dis-

ease (CD) has been described for years in association with

SCZ [5–7], as celiac patients are felt to be at increased risk

of schizophrenia. However, it has recently been discovered

that the immune response to gluten in schizophrenic patients

diverges from that in CD [8, 9]. As far as mood disorders are

concerned, since they have not been systematically studied

as disorders, their association with CD is neither conclusive

nor systematic and is limited to depression, often coupled

with anxiety. Moreover, when a positive statistical associa-

tion between depression and celiac disease has been found,

the percentage frequencies varied from 6 to 57 % [10].

There is still a lack of consensus about the nature of this

association, with two opposing schools of thought: the first

posits that specific mechanisms are implied in a common

pathogenesis, while the second considers depression not

specifically linked to CD but rather a chance event [11].

Regarding bipolar disorder (BD), to date only a few studies

have investigated its association with CD. The first report

showed increased risk of developing depression but not

bipolar disorder in patients diagnosed with CD, while prior

depression and BD were positively associated with sub-

sequent onset of CD [12]. In a recent study, celiac disease

was not demonstrated to determine a statistically significant

risk of bipolar disorder [4]. However, like for schizophrenia,

recent research showed that immunological reactivity to

gluten, different from CD, can also be present in bipolar

disorder [13–15]. This reactivity towards gluten is known as

non-celiac gluten sensitivity, or more simply gluten sensi-

tivity (GS), recently found to be different from CD [16].
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Here we review the major literature on the association

between schizophrenia/mood disorders and CD/gluten

sensitivity, highlighting the differences between these

associations.

Gluten-related disorders: new classification

A new nomenclature and classification for gluten-related

disorders was recently proposed [16] to sort out the con-

fusion created by new data on different reactions to gluten.

Based on pathogenesis, gluten-related disorders can be

divided into three types: (1) celiac disease, gluten ataxia

and dermatitis herpetiformis, all with autoimmune patho-

genesis; (2) wheat allergy, characterized by allergic

mechanisms; (3) gluten sensitivity in which neither allergic

nor autoimmune mechanisms are involved.

Though GS and CD cannot be distinguished clinically,

the two conditions usually show several differences: even

in the absence of epidemiological studies, GS is estimated

to have prevalence six times higher than that of CD. Gluten

sensitivity is also characterized by a lack of intestinal

damage, negative CD serology (anti-tissue transglutamin-

ase antibodies and anti-endomysial antibodies) and a pos-

sible presence of biomarkers of native gluten immune

reaction (anti-gliadin antibodies) [17]. Moreover, while CD

is strongly associated with specific human leukocyte anti-

gen (HLA) class II genes, known as HLA-DQ2 and HLA-

DQ8, these genes are present in only about 50 % of

patients with GS [18]. A recent study also demonstrated

that gut permeability does not occur in GS, unlike in CD

[19]. Thus, GS only seems to be characterized by activation

of innate immune response, rather than adaptive response,

which is responsible for detectable mucosal damage in CD.

Finally, analysis of intestinal mucosal specimens from CD

patients has demonstrated increased expression of IL-17A,

lacking in GS patients [20].

On top of that, it has been observed that the prime

manifestations of GS are often extra-intestinal, such as

behavioral changes, bone or joint pain, muscle cramps, leg

numbness, weight loss and chronic fatigue. This is why

gluten sensitivity may easily go unrecognized and

untreated, representing a risk factor for neurologic and

psychiatric complications even greater than CD [21].

Schizophrenia

A connection between schizophrenia and gluten began to

be noticed in the 1950s, as indicated by clinical cases like

that reported by Bender [22]. During World War II, Dohan

[23] sustained the hypothesis of this link by recording

fewer first hospital admissions for SCZ in five countries.

He correlated this phenomenon with decreased

consumption of wheat and rye in wartime. The reduced

supply of cereals seemed to determine a lower incidence of

schizophrenia, suggesting that they were related.

Another observation was that a great number of

admissions for SCZ occurred in countries like Ireland with

higher availability of wheat and rye than in England and

Wales [24].

Studies on the effect of elimination of gluten from the

diet of SCZ patients further strengthened the existence of

an association between gluten and schizophrenia. In fact,

SCZ patients whose symptoms improved after introduction

of a cereal- and milk-free diet showed an interruption or

reversal of clinical improvement during wheat challenge

[25].

At that time, the evidence pointed to a link between

schizophrenia and gluten, and the authors suggested that

celiac disease and SCZ had the same pathogenesis, namely

the harmful effect of wheat. They hypothesized that the

common clinical manifestations might signal a genetic

link. This called for further studies to establish whether

gluten consumption was a triggered genetic susceptibility,

as suggested by Dohan [26]. Subsequent observations often

provided contrasting results. Epidemiological studies, such

as that of the National Danish Register [5], found that

celiac disease occurred before onset of schizophrenia and

that antibody-based diagnosis was a risk factor for SCZ. A

higher than expected prevalence of certain autoimmune

disorders (including CD) was also found [1] before onset of

schizophrenia in patients diagnosed with this mental illness

and their relatives. Almost at the same time, Ludvigsson

[27] demonstrated that individuals with CD may be at

increased risk of non-affective psychosis but not SCZ.

However, analysis of data collected by the UK General

Practice Research Database indicated that the risk of SCZ

in patients diagnosed with autoimmune gastrointestinal

disease (CD, ulcerative colitis and Crohn’s disease) was no

higher than in the general population [28]. Studies on the

effect of eliminating gluten from the diet of schizophrenic

patients, reviewed by Kalaydjian et al. [6], showed that

psychotic symptoms only declined in a subset of patients.

These results are therefore contradictory: on one hand they

suggest a common autoimmune pathway for celiac disease

and schizophrenia, but on the other they refute it.

Until a few years ago, CD and gluten sensitivity were

considered synonymous for celiac disease. Uncertainty in

disease classification and the absence of reliable methods,

especially in older studies, may therefore explain these

conflicting results. Some studies may also have been biased

by the fact that that certain SCZ patients were not tested for

the antibodies. However, this bias was overcome by studies

in which antibody levels characterizing celiac disease were

determined in schizophrenic patients. A study conducted in

Israel to detect anti-endomysial antibodies (EMA) showed
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no difference between a group with chronic SCZ and a

group of healthy controls [29]. Since EMA are very spe-

cific for celiac disease, this result could be interpreted as

pointing to certain negativity for CD. However, since anti-

tissue transglutaminase antibodies (a-tTG) and anti-gliadin

antibodies (AGA) were not investigated, this result cannot

exclude gluten sensitivity in this group of patients, as

suggested by increasing evidence that GS is frequent in

schizophrenia [8, 30].

Given the lack of consensus on the prevalence of true

CD in schizophrenia, Samaroo et al. [9] tried to charac-

terize the immune response to gluten in a subset of

schizophrenic patients with elevated AGA titres. In this

group, the elevation of AGA was not associated with

increased prevalence of a-tTG, deamidated gliadin peptide

(DGP) antibodies (another serological diagnostic marker of

CD), or with celiac-related HLA genes. The authors con-

cluded that these patients did not have celiac disease, but

that SCZ patients probably have different mechanisms

evoking an immune response against gluten, independent

of transglutaminase and HLADQ2 and/or DQ8 molecules.

A longitudinal prospective study on antibody reactivity

to gliadin, deamidated gliadin and tissue transglutaminase

led to the same conclusions [8]. Patients with recent-onset

psychosis showed higher levels of IgG and IgA AGA than

individuals with multi-episode schizophrenia and individ-

uals without a psychiatric history. These results confirmed

those of Samaroo et al. [9]: the immunological pattern of

schizophrenia diverged from that of celiac disease, since

increased IgA a-tTG and IgG DGP antibodies were absent

except for a marginal elevation in IgA a-tTG titre measured

in the recent-onset psychosis group. Again, disease-related

differences in the prevalence of DQ2/DQ8 alleles associ-

ated with CD were not found.

Cascella et al. [30] designed a study to evaluate the

immunological pattern of a group of schizophrenic patients

taking part in the Clinical Antipsychotic Trials of Inter-

vention Effectiveness. From the serologic characterization

of this patient sample, two groups emerged: one with ele-

vated IgA AGA indicative of gluten sensitivity and the other

with EMA and/or a-tTG plus IgA AGA, markers indicative

of celiac disease. Thus the great majority of schizophrenic

patients showed a dramatically higher prevalence of AGA

antibodies than the comparison group, while reactivity to

a-tTG was only mildly increased and reactivity to EMA was

even lower. The discrepancy between the levels of a-tTG

and EMA was recognized to be crucial, since they target the

same antigen, and this indicated the need for further

research. The authors suggested that the results may have

been biased by the different assay techniques used: indirect

immunofluorescence for EMA and ELISA for a-tTG.

Another theory was that the low level of EMA determined

the milder intestinal damage observed in GS.

To explain the discrepancy between the levels of a-tTG

and EMA, Cascella et al. [30] screened the same popula-

tion of schizophrenic patients for transglutaminase 6 anti-

bodies (a-tTG-6) [31]. As gluten causes an immune

response to tTG, it was reasonable to suppose that tTG

isoforms other than tTG2 could be involved, for instance

tTG-6, which would not cause intestinal but psychiatric

manifestations. The authors looked for a-tTG-6 antibodies,

which are primarily expressed in the brain and are reported

to be elevated in gluten ataxia; they observed increased

prevalence in SCZ patients. A reasonable explanation is

that gluten may reach the brain through a breach in the

blood–brain barrier and stimulate an immune response

similar to that observed towards intestinal mucosa, leading

neurons to expose tTG-6. As well, gluten seems to trigger

release of zonulin, a modulator of the blood–brain barrier

and the precursor for haptoglobin-2, an inflammatory

marker found elevated in a subgroup of schizophrenic

patients. This could explain increased blood–brain barrier

permeability, allowing passage of gluten peptides and

activated inflammatory cells. It also suggests the potential

implications of a gluten-free diet (GFD) for the treatment

of schizophrenia.

A recent study [32] analyzed a group of schizophrenic

patients before they started a GFD, distinguishing CD from

GS patients on the basis of antibodies (positivity for a-tTG

or EMA and for AGA, respectively). Their response to the

diet was tested by evaluating psychotic symptoms. The diet

seemed to improve symptoms and extrapyramidal effects,

without interfering with the therapy or the behavior of

these patients. To date, this is the first study concerning

elimination of gluten from the diet of patients previously

screened for celiac disease and gluten sensitivity by sero-

logical markers. The results are encouraging, though the

sample and duration of the trial were not sufficient for

definitive proof, especially in case of GS, where the data

were insufficient to discern how long it takes to see an

improvement.

Mood disorders

There is still lack of conclusive and systematic results

about association between mood disorders and celiac dis-

ease. Many authors found a positive statistical association

with celiac disease [12, 33–36] while others did not [37–

40]. However, these results were limited to depressive

symptoms, which were frequently investigated in associa-

tion with anxiety, and bipolar disorder has seldom been

studied [13]. Regarding a possible association between

mood disorders and gluten sensitivity, there have been no

systematic studies. The few studies are limited to the

association bipolar disorders/gluten sensitivity [13–15].
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Unipolar depression

In 1932, Thaysen observed peculiar fatigue in patients with

intestinal complaints and in 1950, Dicke posited that glu-

ten-free diet improved the mood of adult celiacs. In 1956,

Dayne described improved behavior in celiac children on

GFD and noticed that adults not compliant with the diet-

developed problems like headache, insomnia and depres-

sion [41]. In 1970, Goldberg studied a group of 80 patients

with diseases of the small intestine by standardized psy-

chiatric assessment, finding that 34 % had minor affective

disorders [42]. The main risk factors he identified for

comorbidity of idiopathic steatorrhoea and psychiatric ill-

ness were a positive family or personal psychiatric history

and depressive personality traits prior to onset of small

intestinal pathology. The author suggested a genetic link

between psychiatric illness and the enzyme defect sus-

pected to be responsible for steatorrhoea.

Later evidence supported the central role of malab-

sorption, believed to cause reduced central metabolism in

the monoamine pathways [43, 44]. Hernanz and Polanco

[45] sustained this theory, observing impaired levels of

tryptophan in blood samples of untreated children with

celiac disease. Nevertheless, malabsorption seemed unable

by itself to determine sufficient depletion of tryptophan for

psychiatric disorders, such as lifetime depressive and dis-

ruptive behaviour, observed in association with CD in a

group of adolescents [46]. Thus, pro-inflammatory cyto-

kines, such as IFN-c, produced by activated T-cells in

response to ingestion of gluten, were considered to con-

tribute massively to serotonin dysfunction, affecting the

kynurenine-niacin pathway and enhancing the hypothala-

mus–pituitary–adrenal axis.

Carta et al. [33] were the first to evaluate a possible role

of autoimmunity in the pathogenesis of mood disorders,

suggested by the finding of anti-thyroid peroxidase (anti-

TPO) antibodies in celiac patients where major depressive

disorder, dysthymic disorder and panic disorder had sig-

nificantly high frequency. Subclinical thyroid disease was

suspected to be a risk factor for these psychiatric disorders.

The authors suggested that cytokines produced in immune

reactions may exert an effect on the hypothalamic–pitui-

tary–adrenal axis, also affecting other brain circuits

involved in mood control. They supposed that common

neuroendocrine dysregulation partook in the pathogenesis

of affective disorders and autoimmune diseases. In another

study they showed that recurrent brief depression, diag-

nosed according to ICD-10 criteria, had even higher

prevalence than major depression in celiac patients [47].

In celiac patients undergoing single-photon emission

computed tomography, Addolorato et al. [48] observed that

regional cerebral blood flow was more abnormal in

untreated celiacs than in healthy controls, while there was

no difference in cerebral perfusion between treated celiac

patients and healthy controls.

Ciacci et al. [35] evaluated a sample of 100 celiac

patients, 92 normal controls and 48 with chronic persistent

hepatitis by means of a modified version of the Zung Self-

Rating Depression Scale and concluded that depression

was a feature of CD unaffected by age at diagnosis,

duration of illness or compliance/non-compliance with

diet, whereas personal psychological resources appeared

to be fundamental in developing or maintaining depres-

sion. In a general population-based cohort study in Swe-

den, Ludviggson et al. [12] also found increased risk of

subsequent depression in individuals suffering from celiac

disease. Siniscalchi et al. [36] observed that fatigue was

common in celiac patients and was not related to GFD,

though it seemed less intense in treated patients. They

found that celiac patients on GFD showed stronger

depression symptoms than celiacs on a normal diet. Data

gathered by Hauser [49] showed that the duration of the

GFD was not related to depressed mood, and this was the

same for anxiety. Nonetheless, while CD patients on GFD

were not more depressed than controls, female CD

patients on GFD seemed at increased risk of developing

anxiety disorder.

If on one hand there are encouraging results, like those

just cited, supporting the hypothesis that depression and

anxiety are related to celiac disease, on the other hand

different studies found no significant association. For

instance Cicarelli et al. [37] found that, although depres-

sion appeared to be associated with CD, as found in pre-

vious studies, the mood symptoms of celiac patients were

the result of dysthymic disorder, not depression, diagnosed

by DSM IV.

According to Fera et al. [38], affective disorders in

celiacs may be ascribed to difficulties in adjusting to the

chronic nature of the disease rather than directly to the

disease itself. Accomando et al. [39] administered two

depression assessment questionnaires to CD patients on

GFD for more than 2 years to determine the existence of a

relationship between GFD and depression. The results

failed to show any difference between celiac patients and

healthy controls. Roos et al. [40] used the Psychological

General Well-being index to assess celiac patients on GFD

for many years. Long-treated adult patients showed no

difference in psychological well-being with respect to

controls, suggesting that signs of depressed mood are not a

feature of well-treated celiac disease.

The state of current understanding of this topic is

extremely confusing. A meta-analysis [11] comprising

results from reports on anxiety and depression in adult

celiac disease failed to show a higher frequency of

depression in celiac patients than in patients with other

chronic illnesses.
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Bipolar disorder

In 2011, the association of bipolar disorder with celiac

disease and gluten sensitivity was investigated for the first

time by Dickerson et al. [13]. Antibody assessment of BD

patients showed significantly higher levels of IgG AGA

than in controls. There was also an eloquent increase in

IgG DGP antibodies in the BD group, whereas IgA AGA

and IgA/IgG a-tTG levels did not differ between the two

groups. Dickerson et al. [14] continued to study the lon-

gitudinal trend of these antibodies in patients admitted

during a manic episode and at 6-month follow-up. Only

IgG AGA was significantly elevated in the acutely manic

group. However, these levels were not significantly dif-

ferent from those of controls at 6-month follow-up. Among

manic individuals, elevated levels at follow-up were sig-

nificantly associated with re-hospitalization in the 6-month

follow-up period, suggesting a correlation between GS and

the clinical course of manic symptoms.

Another clinical study screened a sample of 103 psy-

chiatric inpatients [15] for a wide spectrum of autoanti-

bodies, finding significantly higher IgG AGA levels in

inpatients than controls. Bipolar disorder appeared to be the

disorder most associated with autoantibodies.

Comparison of schizophrenia/mood disorders and CD/

GS associations

Generally, the association of gluten sensitivity with

schizophrenia has been more systematically investigated

than its association with mood disorders. In bipolar disor-

der, a-tTG has never been found significantly different

from controls [13], while in schizophrenia IgA a-tTG [30]

and IgG a-tTG [8] have been found slightly higher than in

controls. However, the increase in IgA a-tTG [30] was not

accompanied by an increase in levels of anti-endomysial

antibodies (EMA), excluding the possibility of celiac dis-

ease. Regarding schizophrenia, antibodies to gliadin did

not show significant affinity for deamidated gliadin pep-

tides, again excluding the possibility of celiac disease but

suggesting a response to gluten with different antigen

specificity in a majority of gluten-sensitive individuals with

schizophrenia [9]. On the contrary, Dickerson et al. [13]

found evidence of increased levels of IgG DGP in BD

patients, though this result was not replicated in the later

study [14]. There have also been few studies on bipolar

disorder and gluten sensitivity, however, they all yielded

results consistent with an increase in IgG AGA levels [13–

15], whereas some studies on schizophrenia and gluten

sensitivity only found an increase in IgA AGA [30, 50].

The effect of elimination of gluten from the diet has

never been studied in bipolar disorder, whereas for

schizophrenic patients it is described throughout the liter-

ature [6]. A recent study [32] tested response to a gluten-

free diet in a group of SCZ patients who were previously

considered to have celiac disease or gluten sensitivity on

the basis of antibody assessment.

Discussion

The recent characterisation of non-celiac gluten sensitivity

shows that like celiac disease, this gluten-related disorder is

also associated with major psychiatric disorders. In this

review of the literature on the association between SCZ/

MD and CD/GS, we found that for many years, studies on

the association between schizophrenia and celiac disease

provided contrasting results [5–7, 28, 29]. Celiac patients

were thought to be at higher risk of developing SCZ than

the general population [5–7]. Studies on the association

between mood disorders and celiac disease did not use a

systematic approach and provided contrasting results [12,

33–40]. Furthermore, these results were always limited to

depressive symptoms, frequently investigated in associa-

tion with anxiety, while bipolar disorder was studied to a

lesser extent [13].

With regard to the association between these major

psychiatric disorders and gluten sensitivity, the results are

not always concordant, essentially due to the fact that

despite a body of data on GS, this disorder is not yet

completely characterized and there are still no serological

markers for its diagnosis.

Regarding the association between schizophrenia and

gluten sensitivity, most recent studies agree on the

involvement of gluten sensitivity rather than celiac disease

in a subgroup of SCZ patients [8, 9, 30, 50, 51]. As far as

the association between mood disorders and gluten sensi-

tivity is concerned, no systematic studies have been con-

ducted. Only bipolar disorder has been studied, assessing

antibodies in a sample previously diagnosed with psychi-

atric disease [13–15]. To our knowledge there have been no

studies in which GS was evaluated in patients with con-

firmed unipolar depression.

A deeper understanding of the immune alterations

documented in bipolar disorder and schizophrenia is cur-

rently impossible. Many theories have been put forward.

Focusing on bipolar disorder, immune activation is not

likely to directly affect the brain [14]. Altered mechanisms

of absorption of food protein and therefore processing of

food antigen are possibly involved, in line with docu-

mented heightened immune activation towards milk case-

ins [52] in this disorder. It is also worth noting the

increasing evidence in support of the role played by

infections, more than autoimmune diseases, in the patho-

genesis of mood disorders [4]. Infection by Toxoplasma
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gondii [53] and other neurotropic pathogens, such as

influenza and coronavirus, is associated with MD [54]. In

schizophrenia, Toxoplasma is suspected to directly affect

the brain and the action of cytokines. Its passage may occur

by alterations in intestinal permeability due to mimicry of

enterocyte epitopes by gliadin [15]. A recent study has

demonstrated that Toxoplasma gondii [55] infections raise

gluten antibody levels in mice, suggesting that it may alter

transcellular passage of gluten peptides. Alterations in

commensal gut microbiota have also been suggested to

dysregulate the immune system, leading to production of

antibodies [15]. Another recent study found that levels of

SCD14, a marker of translocation of commensal microbi-

ota, were significantly correlated with anti-tissue trans-

glutaminase IgG in bipolar disorder [56]. We currently do

not know whether alterations mainly involve intestinal

breakdown, absorption, immune response to gliadin, auto-

antibody cross-reactivity, production of neuroactive pep-

tides in altered digestion processes [14] or activation of T

cell bystander and consequently B cells with antibody

production [13, 52]. Altered permeability, gut microbiota

alterations and infections could therefore all be putative

pathogenetic mechanisms involved in SCZ and MD.

Conclusions

Further studies on the association between schizophrenia/

mood disorders and immune reaction to gluten are war-

ranted to establish the threshold for therapeutic interven-

tion, as only one study has systematically studied the effect

of a gluten-free diet in schizophrenic GS and CD patients

[32]. New insights into gluten sensitivity have helped to

understand recent results showing immune responses to

gluten proteins in certain psychiatric disorders but the

different findings are still incoherent. Studying these

associations provides a model for understanding the path-

ogenetic mechanisms behind psychiatric disorders, the

neurobiology of which is still far from understood.
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