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Daniela Čiháková, PhD; Monica V. Talor, MSc; Robert P. McMahon, PhD;  
Charles M. Richardson, MD; Gopal Vyas, DO; Heather A. Adams, PsyD;  

Sharon M. August, MA; Alessio Fasano, MD; Nicola G. Cascella, MD;  
Stephanie M. Feldman, MSW; Fang Liu, MS; MacKenzie A. Sayer, BS;  

Megan M. Powell, BA; Heidi J. Wehring, PharmD; Robert W. Buchanan, MD;  
James M. Gold, PhD; William T. Carpenter, Jr., MD; William W. Eaton, PhD

Introduction

A connection between schizophrenia and inflammation is 
emerging in the literature, supported by many research ap-
proaches.1,2 Research also supports the idea that individual 
risk for schizophrenia is increased with prenatal infection 
exposure,3 and that a genetic contribution may also increase 
vulnerability to prenatal infection.4 Imaging studies have 
found increased microglia activation binding in people with 
schizophrenia,5–7 and genome-wide association studies have 
linked schizophrenia to the major histocompatibility locus.8–10 
Epidemiological studies have shown higher rates of auto
immune disease in people with schizophrenia. For example, 

data from a Danish registry reveal a 50% greater likelihood of 
autoimmune disease in people with schizophrenia, and a 
45% greater risk of schizophrenia in people with a history of 
autoimmune disease.11 Moreover, people with schizophrenia 
— even drug-naïve and first-episode patients — have been 
found to exhibit elevated levels of both central and peri
pheral cytokines.12

However, there are components of schizophrenia that re-
main unexplained by this inflammation hypothesis. For exam-
ple, not all those with schizophrenia present with the same 
symptoms, not all experience inflammation, and research into 
inflammatory markers such as cytokines and chemokines 
yields mixed results. As with all major psychiatric disorders, 
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Background: Approximately one-third of people with schizophrenia have elevated levels of antigliadin antibodies of the immunoglobulin 
G type (AGA IgG) — a higher rate than seen in healthy controls. We performed the first double-blind clinical trial of gluten-free versus 
gluten-containing diets in a subset of patients with schizophrenia who were positive for AGA IgG. Methods: In this pilot feasibility study, 
16 participants with schizophrenia or schizoaffective disorder who had elevated AGA IgG (≥ 20 U) but were negative for celiac disease 
were admitted to an inpatient unit for a 5-week trial. All participants received standardized gluten-free meals and were randomized in a 
double-blind fashion to receive a shake containing 10 g of gluten flour or 10 g of rice flour each day. Participants were rated for psychiat-
ric, cognitive and gastrointestinal symptoms at baseline and end point. Results: Of the 16 participants, 14 completed the 5-week trial 
(2 discontinued early for administrative reasons). Compared with participants on the gluten-containing diet, participants on the gluten-free 
diet showed improvement on the Clinical Global Impressions scale (Cohen d = –0.75) and in negative symptoms (Cohen d = –0.53). We 
noted no improvement in positive or global cognitive symptoms, but did observe an improvement in attention favouring the gluten-free 
diet (Cohen d = 0.60). Robust improvements in gastrointestinal adverse effects occurred in the gluten-free group relative to the gluten- 
containing group. Adverse effects were similar between groups. Limitations: This study was limited by its small sample size; larger 
studies are needed. Conclusion: This feasibility study suggests that removal of gluten from the diet is associated with improvement in 
psychiatric and gastrointestinal symptoms in people with schizophrenia or schizoaffective disorder.
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many genetic, environmental and biological factors contribute 
to a diagnosis. In this paper, we suggest that inflammation 
plays a considerable role for a specific subgroup of people with 
schizophrenia.13 This subgroup, once identified, may benefit 
from particular treatments that influence the immune system.

Evidence for a connection between the gut and the brain is 
emerging.14 Gut–brain connections may involve microbiota or 
gut-related immune reactions, including links to the gastro
intestinal effects of wheat. The notion that schizophrenia may 
be connected to wheat consumption is not new,15 but it is still 
not yet well understood. The first epidemiological studies look-
ing at the association between wheat and schizophrenia use 
data from World War II, when a positive correlation between 
wheat consumption and admissions for schizophrenia was first 
documented: in Scandinavia, as wheat consumption decreased, 
so did schizophrenia-related admissions; on the other hand, as 
wheat consumption rose in the United States, so did admis-
sions for schizophrenia.16 Further, in populations that tradition-
ally consume little to no grain, schizophrenia has been found to 
be almost nonexistent, but to exist after westernization.13,17,18

Several trials have explored the removal of wheat from 
the diets of people with schizophrenia, with mixed results: 
several showed improvement in psychiatric symptoms, but 
others did not.19–27 These findings were not well understood, 
because there were no biological markers to help define a 
subpopulation that might have benefited from the removal 
of wheat. Further, in the 1970s and 1980s the components of 
wheat were not well understood, and only a limited num-
ber of hypotheses existed as to why this connection may 
have been important.

Foods containing wheat, barley, rye and triticale (a wheat 
and rye cross) possess a protein composite called gluten. Glia-
din, the protein component from gluten that gives bread the 
ability to rise, has a low ratio of surface area to volume, making 
it difficult to digest. The autoimmune reaction to wheat is 
called celiac disease and has been recognized for about half a 
century, but more recently a new gluten-associated disorder 
has been described, distinct from celiac disease, that results 
from an innate immune reaction to gliadin. This disorder has 
been called “gluten sensitivity,” but the understanding of what 
it constitutes remains somewhat controversial.28–34

About one-third of people with schizophrenia have antiglia-
din antibodies of the immunoglobulin G (IgG) type,35 a rate 
about 3 times higher than seen in healthy controls.34,36–38 Also, 
the presence of AGA IgG antibodies in schizophrenia is 
related to a chronic inflammatory state associated with ele-
vated peripheral cytokines (e.g., interleukin-1β and tumour 
necrosis factor α)39 and levels of neurochemicals in the anter
ior cingulate cortex thought to be associated with inflamma-
tion (as measured by magnetic resonance spectroscopy).40 
Inflammation and immune activation with gluten sensitivity 
have been reported beyond schizophrenia as well.41 

These findings in people with schizophrenia may be due to 
leakage in the blood–brain barrier. Severance and colleagues42 
found a strong correlation between AGA IgG levels in the blood 
and cerebral spinal fluid in people with schizophrenia but not in 
healthy controls. Antibodies to tissue transglutaminase (tTG), 
indicative of celiac disease, are seen in only about 3%–5% of 

people with schizophrenia, representing a slightly higher risk 
than in the general population.34,35,43 Those with high AGA IgG 
levels represent a subgroup who may have gluten sensitivity.

We believe that schizophrenia is a heterogeneous multifac-
torial disease; the final symptoms may manifest similarly, but 
the underlying mechanisms producing psychiatric symptoms 
may differ by subgroup. Therefore, it may be key to use spe-
cific biomarkers to increase the efficacy signal of any interven-
tion (in our case, a dietary one). Based on this premise, we de-
cided to implement a gluten-free diet only in participants who 
showed elevated levels of AGA IgG. We believe that the rea-
son for the mixed results in clinical trials during the 1970s and 
1980s was the lack of ability to identify people at risk for this 
immune reaction and the resulting high inflammatory state.

Prior to this study, we conducted a 2-week gluten-free in
patient study for 2 people who had elevated AGA IgG and 
schizophrenia, and we noted robust symptom improvements, 
particularly in the domain of negative symptoms.44 The aims of 
this 5-week feasibility study were to create a gluten-free study 
design and successfully enrol more participants to examine 
effect sizes and plan a future trial of sufficient size with appro-
priate instrumentation. To our knowledge, this is the first 
double-blind, randomized, strictly controlled study exploring 
the removal of gluten from the diet in an inpatient setting that 
focused on a subgroup showing antibodies related to wheat. We 
hypothesized that we would see improvements in this group 
with effect sizes (Cohen d) of > 0.5 in psychiatric symptoms.

Methods

Study procedures

Those who were eligible for screening had a diagnosis of 
schizophrenia or schizoaffective disorder, were not currently on 
a gluten-free diet and were between the ages of 18 and 64 years. 
Screening laboratory tests included AGA IgG, AGA IgA and 
tTG. If participants tested positive for tTG, they were excluded, 
and they and their clinical team were notified of their potential 
for celiac disease. Participants who tested positive for AGA IgG 
(> 20 U) were eligible for study enrolment, which involved 
5 weeks of randomized, double-blind treatment with a gluten-
free or gluten-containing diet in an inpatient setting with strict 
dietary procedures. Participants who opted to enrol in the clin
ical trial were admitted to the research hospital unit and contin-
ued previous antipsychotic treatment. At the end of the 5-week 
double-blind trial, half of the discharged participants were ran-
domly selected to continue a gluten-free diet in the community; 
they were called at week 4 for follow-up and returned at 
8 weeks postdischarge for assessments and blood work.

Ethical approval

This clinical trial was conducted at the Maryland Psychiatric 
Research Center, University of Maryland School of Medicine. 
Screening took place at the center, its affiliate sites and Johns 
Hopkins University. All participants signed informed con-
sent after passing the Evaluation to Sign Consent45 to ensure 
they were able to provide consent.
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The study was conducted between 2014 and 2017 and was 
approved by the University of Maryland Baltimore institu-
tional review board as the primary institutional review board 
(HP-00056339); the Johns Hopkins University and State of 
Maryland Department of Health institutional review boards 
officially relied on the University of Maryland Baltimore 
institutional review board for the conduct of this study. The 
study was reviewed annually by a data safety and monitor-
ing board and was registered in ClinicalTrials.gov 
(NCT01927276).

Participants

Inclusion criteria
Women and men (ages 18–64 years) who met DSM-IV-TR46 
criteria for schizophrenia or schizoaffective disorder were eli-
gible for the study. All participants must have had positive 
results (> 20 U) on their AGA IgG screening. Participants 
must have been taking the same antipsychotic for at least 
4 weeks prior to the study. As noted earlier, all participants 
were required to score at least a 10 out of 12 on the Evalua-
tion to Sign Consent,45 which documented their capacity to 
provide informed consent. 

Exclusion criteria
All those who participated in screening and tested positive 
for tTG were excluded so that their presumed celiac disease 
could be treated appropriately. Those who tested positive for 
AGA IgA but negative for AGA IgG were excluded. Also 
excluded were participants who were already on a gluten-
free diet, were pregnant or lactating, had an organic brain 
disorder or intellectual disability, had a medical condition 
whose pathology or treatment could alter the presentation or 
treatment of schizophrenia or significantly increase the risk 
associated with the proposed treatment protocol, and who 
met DSM-IV criteria for alcohol or substance abuse (other 
than nicotine) within the last month. Participants were 
excluded if they had gluten ataxia, determined by a phys
ician with the aid of the Brief Ataxia Rating Scale.47 To 
increase the possibility of detecting positive change, partici-
pants who had a Brief Psychiatric Rating Scale (BPRS)48 total 
score of 29 or lower (lower quartile) were excluded.

Screening assessments

Screening involved 1–2 visits and a variety of assessments to 
determine study eligibility. Participants were educated 
about the study and possible adverse effects or conse-
quences of participation. Psychiatric diagnosis was con-
firmed by the Structured Clinical Interview for Diagnosis of 
DSM-IV (SCID).49 A medically accountable physician re-
viewed participants’ medical history and conducted a phys
ical examination to confirm study eligibility. A standard 
blood chemistry panel, complete blood count, urinalysis and 
electrocardiography were also conducted. We also evaluated 
existing gastrointestinal disorders and dermatologic disor-
ders, because gluten sensitivity may be related to both.41 For 
outpatients admitted to the unit and subsequently dis-

charged following study participation, we worked closely 
with their community providers and supports to ensure full 
continuity of care.

Study assessments

Psychiatric symptoms
We measured psychiatric symptoms using the BPRS,48 the 
Scale for the Assessment of Negative Symptoms (SANS),49 
the Calgary Depression Scale (CDS)50 and the Clinical Global 
Impression scale (CGI).51 We measured positive symptoms 
using the sum of the following BPRS items: conceptual disor-
ganization, suspiciousness, hallucinatory behaviour and un-
usual thought content. We assessed negative symptoms using 
the total score of the SANS52 but subtracted the global items 
inappropriate affect, poverty of content of speech and atten-
tion to be consistent with other studies that measured nega-
tive symptoms in schizophrenia.53,54 All of these assessments 
are widely used in schizophrenia research and have good 
validity and reliability for use in this population. We admin-
istered the assessments each week during the 5 weeks of the 
study. All raters were trained and reliable, with an intraclass 
correlation coefficient of > 0.7.

We used the Measurement and Treatment Research to 
Improve Cognition in Schizophrenia (MATRICS) Consensus 
Cognitive Battery (MCCB) to assess cognitive function.55 This 
battery was developed specifically to be the gold standard for 
assessing cognition in schizophrenia.55 We also administered 
the Brief Assessment of Cognition in Schizophrenia Tower of 
London Test to assure adequate coverage of executive func-
tion.56 In recent multicentre clinical trials that our research 
team has participated in, individual tests of the MCCB have 
had intraclass correlation coefficients between 0.6 and 0.8, 
and the overall MCCB composite score has had an intraclass 
correlation coefficient of 0.9.

Adverse effect measures
We measured gastrointestinal effects using the Gastrointes
tinal Symptom Rating Scale (GSRS) at baseline and end 
point.57 This 15-item scale has 5 domains (reflux, constipa-
tion, diarrhea, pain and indigestion), and has been used in 
people with psychiatric symptoms.58 

To assess medication adverse effects, we administered the 
Simpson–Angus Extrapyramidal Symptom Rating Scale,59 
the Barnes Akathisia Rating Scale60 and a 25-item adverse 
effect checklist each week.59,60

Laboratory assessments
At screening and each week throughout the trial, we assessed 
weight and vital signs (heart rate, pulse, blood pressure). We 
drew a chemistry panel, including liver enzymes, lipids and 
fasting blood glucose, along with complete blood counts at base-
line and end point, all analyzed by LabCorp. We also measured 
AGA IgG at baseline and end point in the Čiháková Laboratory 
at Johns Hopkins University using the Inova Diagnostics kit 
708655. Units were determined by the manufacturer based on 
standard curve calculations. For this study, AGA IgG negative 
status was defined as < 20 U, and positive status as ≥ 20 U.
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Randomization procedures and medications

Participants, researchers and clinical team members were 
blinded to intervention assignment. Participants received 
10 g of either rice flour (treatment) or gluten flour (control; 
Bob’s Red Mill) mixed in a protein shake each afternoon. A 
hospital nurse mixed the blinded powder in a high-power 
blender with water, ice, protein powder and optional syrup 
of the participants’ choice to make a protein shake (Sunwar-
rior Plant-Based Protein). The research staff ensured that the 
entire shake was ingested. Each participant had a separate 
colour-coded container that was never shared to avoid cross-
contamination. Treatments were assigned at random, using 
computer-generated permuted block randomization 
sequences with randomly varied block sizes to limit imbal-
ance in the number of patients assigned to each group, while 
making it difficult for staff to predict what treatment patients 
were receiving. All participants received a gluten-free meal 
plan during the 5 weeks of the study. The hospital kitchen 
had fully functioning operating procedures for the creation of 
gluten-free meals, including 21 days of meals in a rotating 
schedule. During the study, participants attended weekly 
group sessions about gluten-free nutrition and diet counsel-
ling, and they had the opportunity to taste, shop for and pre-
pare new gluten-free foods in this setting. We maintained a 
strict regimen and oversight for maintaining a gluten-free 
diet. All staff in the inpatient setting were required to ensure 
that all participants remained gluten-free. During the day, 
the staff:participant ratio was 1:1, and all nursing staff and 
aides were required to report if any deviation occurred. Each 
participant had an individual snack bucket with gluten-free 
snacks if needed, and no other free food was given out on the 
inpatient unit. All packaged food consumed was certified 
gluten-free. All participants received a gluten-free cookbook. 
After the end of their trial participation, study participants 
were discharged if they were considered stable according to 
the treating psychiatrist, and all were encouraged to follow a 
gluten-free diet.

The study intervention was added to participants' ongoing 
antipsychotic regimen. Study physicians were instructed to 
avoid changing doses of other somatic and psychotropic 
medications during the study. Anticholinergic medications 
for extrapyramidal side effects (e.g., benztropine and diphen-
hydramine), propranolol for akathisia and benzodiazepines 
for anxiety or agitation (e.g., lorazepam) could be prescribed 
as needed.

Statistical analysis

This was a pilot feasibility study funded by the National 
Institutes of Mental Health, aiming to ensure that we could 
develop and maintain blinding, recruit participants into the 
inpatient setting and assess a diet intervention in this popula-
tion in a valid way. This study was not powered to find an 
effect, but SANS and BPRS scores were primary outcomes for 
symptom improvement, and the total GSRS score was the 
primary outcome for gastrointestinal changes. We evaluated 
change in primary outcomes by calculating effect sizes using 

Cohen d that can be used to guide future confirmatory 
trials.61 An effect size is a quantitative measure of the magni-
tude of a difference — in this case change in findings from 
baseline to end point with a gluten-free diet relative to a 
gluten-​containing diet. This was defined as treatment group 
mean − placebo group mean)/SDpooled.

SD* (n1 – 1)SD

n1 + n2 – 2

(n2 – 1)SD= +pooled
2
1

2
2

We also analyzed SANS results by week using least 
squares mean, the group mean calculated from an analysis 
of covariance model after controlling for covariates. We 
used the following model for the current study: change 
from baseline = baseline + treatment + week + treatment × 
week. This allowed us to control for baseline differences in 
the presentation of the data and was defined a priori. Statis-
tical tests for analysis of covariance findings were not per-
formed because of the small sample size and underpower-
ing to show effect.

Results

Screening and participant information

During study recruitment, we screened 375 people with 
schizophrenia or schizoaffective disorder, of whom 100 
(27%) screened positive for AGA IgG (> 20 U). Five of those 
were also positive for tTG (1.3%), indicating celiac disease; 
they were referred for treatment with their clinicians. In 
total, 64 people were interested in enrolling in the clinical 
trial, 26 of those met the eligibility criteria and 19 were ran-
domized. Three were excluded after randomization because 
of low AGA IgG levels (<  20 U), leading to an enrolment 
total of 16 (9 in the gluten-containing group and 7 in the 
gluten-free group). Of those, 14 completed the study; 2 from 
the gluten-containing group discontinued the study early, 1 
because of personal choice and 1 for housing reasons (Fig. 1). 
The mean age of the 16 participants was 37.9 ± 13.2 years. 
Table 1 lists the demographic and clinical characteristics of 
the groups. All participants maintained their doses of anti-
psychotics and other treatments during the 5-week study, 
and all were discharged on the regimen on whibh they had 
been initiated.

Psychiatric and neuropsychologic symptoms

We calculated the results of the primary analyses as effect 
sizes (Cohen d). Positive effect sizes indicated a greater aver-
age reduction in psychiatric scores with the gluten-containing 
diet; negative effect sizes indicated greater average reduction 
in psychiatric scores with the gluten-free diet. 

Changes on the CGI showed a robust improvement in 
global symptoms (Cohen d = −0.75). We observed no im-
provement in the BPRS or CDS, which showed low effect 
sizes. However, notably for negative symptoms, we found 
an effect size of −0.53 for total SANS scores, suggesting a 
moderate improvement in negative symptoms (Fig. 2). We 
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found medium to large effect sizes in 2 of the SANS nega-
tive symptom domains: avolition (Cohen d = −0.43) and 
affective blunting (Cohen d = −0.71). We found small effect 
sizes for anhedonia (Cohen d =−0.24) and alogia (Cohen d = 
−0.12).

For the MCCB, a positive effect size score indicates greater 
average reduction in psychiatric scores with the gluten-free 
diet, because improvement in scores is in a positive direction 
(opposite of SANS, BPRS, CGI and CDS). The MCCB com-
posite score effect size was not notable (Cohen d = −0.18). 
However, 2 of the domain scores had medium to large effect 
sizes favouring the gluten-free group: attention (Cohen d = 
−0.66) and verbal learning (Cohen d = −0.37).

Gastrointestinal and other adverse effects

All participants tolerated the diet well. The gluten-free group 
showed a robust improvement in total gastrointestinal symp-
toms, as measured by total GSRS score (Cohen d = −0.81), 
and medium to large improvements in domains of abdomi-
nal pain (Cohen d = −0.86), diarrhea (Cohen d = −0.59), con-
stipation (Cohen d = −0.40) and indigestion (Cohen d = 
−0.46). The domain of reflux did not show any improvement 
(Cohen d = 0.18). 

For adverse effects other than those on the adverse effect 
checklist, we found no differences between the 2 groups on 
any reported event, including dermatologic complaints. 
Three people in the gluten-free group had headaches, as did 
2 in the gluten-containing group. Two people in the gluten-
free group reported sedation, as did 1 person in the gluten-
containing group. One person in each group reported 

dizziness and salivation. For extrapyramidal symptoms, we 
observed no notable changes in scores on the Simpson–
Angus Extrapyramidal Symptom Rating Scale or the Barnes 
Akathisia Rating Scale.

Fig. 1: Participant flow diagram. AGA = antigliadin antibodies; IgG = immunoglobulin G; tTG = tissue transglutaminase. 

375 screened for 
AGA IgG

100/370 positive for AGA (27%)
64 recruited for inpatient study

26 completed eligibility 
screening 

for inpatient study
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Gluten-containing 
diet (n = 9)

Gluten-free 
diet (n = 7)

Completed (n = 7) Completed (n = 7)
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positivity (referred for 

treatment)

2 excluded for 
AGA IgG < 20 U

1 excluded for
AGA IgG < 20 U

2 withdrawals:
1 beginning of week 4 (personal 

choice)
1 end of week 4 (housing reasons)

Table 1: Demographic and clinical information*

Characteristic
Gluten-containing 

diet (n = 9)
Gluten-free  
diet (n = 7)

Mean age, yr 42.0 ± 14.6 32.5 ± 9.7

M/F, no. (%) 5/4 (56/44) 4/3 (57/43)

Age of onset, yr 16.9 ± 3.4 18.2 ± 2.4

Level of education, yr 11.8 ± 1.3 12.4 ± 2.1

Smoker Y/N, no. (%) 5/4 (56/44) 6/1 (86/14)

Body mass index, kg/m2 28.5 ± 4.7 31.4 ± 8.9

Baseline AGA IgG, U 55.8 ± 28.6 43.8 ± 12.2

Baseline AGA IgA, U 23.6 ± 21.1 32.9 ± 28.3

Medications, no. (%)†

FGA < 5 < 5

SGA < 5 < 5

Clozapine < 5 < 5

FGA + SGA < 5 < 5

Antidepressant 6 (67) < 5

Anticholinergic 7 (78) 6 (86)

Comorbid disorders, no. (%)†

Gastrointestinal disorder < 5 < 5

Dermatologic disorder‡ < 5 < 5

FGA = first-generation antipsychotic; IgA = immunoglobulin A; IgG = immunoglobulin 
G; SGA = second-generation antipsychotic.
*Data with counts fewer than 5 have been suppressed owing to data privacy guidelines. 
†Distribution of medications and comorbid disorders did not differ between groups.  
‡Dermatologic disorders included eczema, urticaria and rash.
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Laboratory measures

We observed no notable changes in findings for vital signs, 
electrocardiogram, complete blood count or chemistry panel, 
except for a small improvement in fasting blood glucose 
(Cohen d = −0.36), which favoured the gluten-free diet over the 
gluten-containing diet. Over the 5 weeks, AGA IgG levels de-
creased by 34% in the gluten-free group relative to 16% in the 
gluten-containing group (Cohen d = −0.34). As part of the pro-
tocol, the investigators had serum frozen for future analysis of 
inflammatory markers, kynurenine pathway metabolites62 and 
potential measures of gut permeability (i.e., zonulin).63

Eight-week follow-up

Eight randomly selected participants agreed to continue eating 
gluten-free for 8 weeks postdischarge. Five were from the 
gluten-containing group, and 3 from the gluten-free group. Dur-
ing follow-up, AGA IgG levels dropped 22% (mean ± standard 
deviation: 62.8 ± 36.9 at discharge to 49.0 ± 29.6 at 8 weeks) in par-
ticipants from the gluten-containing group and 19% (27.8 ± 17.9 at 
discharge to 22.6 ± 13.5 at 8 weeks) in participants from the 
gluten-free group. The total SANS score remained relatively sta-
ble in each group over the 8 weeks: the gluten-containing group 
went from 25.0 ± 5.2 to 24.5 ± 4.1, and the gluten-free group main-
tained their benefits, going from 16.0 ± 8.2 to 14.0 ± 5.3.

Discussion

This is, to our knowledge, the first randomized, double-blind 
clinical trial of gluten withdrawal in people with schizophrenia 
that enrolled only participants likely to respond to a gluten-free 

diet (i.e., those who tested positive for AGA IgG). The design 
was rigorous, including strict rules and a consistent environ-
ment for gluten-free food preparation, as well as detailed blind-
ing procedures for participants and staff. This study used a 
small sample to test feasibility, but we had robust findings in a 
few interesting domains. We noted an overall improvement on 
the CGI, suggesting that overall clinical impressions during the 
study were better in the gluten-free group than in the gluten-
containing group. We also saw moderate beneficial effects for 
negative symptoms. In our previous open-label study,44 1 per-
son had a decrease of more than 19 points in SANS total score, 
leading us to anticipate the possibility of improvements in neg-
ative symptoms with a gluten-free diet in the present study. 
Because there are currently no consistently effective treatments 
for negative symptoms, the possible benefit of a gluten-free diet 
is of considerable potential clinical importance.

Other points worthy of discussion include the 27% rate of 
AGA IgG positivity in our study sample. Accumulating evi-
dence suggests these antibodies are present in higher rates 
among people with schizophrenia than in healthy controls,37,64 
with about 30% of people with schizophrenia having AGA 
IgG seropositivity.35,36 Additionally, it is unclear whether peo-
ple with schizophrenia can maintain a gluten-free diet. Of the 
participants randomly selected to be followed postdischarge, 
improvements in AGA IgG levels and SANS total scores were 
maintained in the 3 participants who had been randomized to 
the gluten-free group during the 5-week inpatient study.

Limitations

A 5-week study may be insufficient to see amelioration of AGA 
IgG, psychiatric symptoms and cognitive function; longer-term 

Fig. 2: Change in SANS score by group (least squares mean). SANS = Scale for the Assessment of Negative Symptoms.
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studies may be needed to observe a full effect. Medications de-
veloped to modify these processes may exist as alternatives to 
strict gluten-free diets. We did not evaluate antibodies to 
casein, which have also been studied in schizophrenia,65 and 
we also did not evaluate foods containing fermentable oligo/
di/monosaccharides and polyols, which also may contribute to 
gastrointestinal symptoms or immune reactivity.66 We were 
limited by the small sample and lack of power to show effect. 
Our study purpose was to obtain the first go/no-go signal for a 
full-size, double-blind, randomized clinical trial of this nature.

Conclusion

Our findings suggest that a subgroup of people with schizo-
phrenia may benefit from a gluten-free diet for global 
improvement, negative symptoms and gastrointestinal bene-
fits. They also provide a better understanding of why some 
groups of people with schizophrenia have high levels of 
inflammation. If one-third of people with schizophrenia who 
have AGA IgG were to benefit substantially from a gluten-​free 
diet, it could provide a new transformative treatment option 
for an identifiable subpopulation of people with schizophre-
nia and be of enormous benefit to patients, families and soci-
ety. These results could also be used to encourage screening 
for AGA IgG in people at high risk of schizophrenia or with 
first-episode schizophrenia. 

As a follow-up to this pilot study, we are conducting a larger 
randomized double-blind confirmative clinical trial targeting 
negative symptoms (NCT03183609), which will help confirm 
the utility of gluten removal in schizophrenia patients who are 
positive for AGA IgG if these findings are replicated. We are 
also studying mechanisms related to zonulin measurement for 
gut integrity,63 neuroimaging and inflammatory markers.
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