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Abstract Celiac disease is an immune-mediated disease, triggered in geneti-
cally susceptible individuals by ingested gluten from wheat, rye,

barley, and other closely related cereal grains. The only treatment

for celiac disease is a strict gluten-free diet for life. This paper

presents a systematic review of the scientific literature on the

safety of pure oats for individuals with celiac disease, which histor-

ically has been subject to debate.

Limitations identified within the scientific database include:

limited data on long-term consumption, limited numbers of parti-

cipants in challenge studies, and limited reporting about the rea-

sons for withdrawals from study protocols. Furthermore, some

evidence suggests that a small number of individuals with celiac

disease may be intolerant to pure oats and some evidence from

in vitro studies suggests that an immunological response to oat

avenins can occur in the absence of clinical manifestations of celiac

disease as well as suggesting that oat cultivars vary in toxicity.

Based on the majority of the evidence provided in the scientific

database, and despite the limitations, Health Canada and the Cana-

dian Celiac Association (CCA) concluded that the majority of peo-

ple with celiac disease can tolerate moderate amounts of pure

oats. The incorporation of oats into a gluten-free diet provides

high fiber and vitamin B content, increased palatability, and benefi-

cial effects on cardiovascular health. However, it is recommended

that individuals with celiac disease should have both initial and

long-term assessments by a health professional when introducing

pure oats into a gluten-free diet.
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I. INTRODUCTION

Celiac disease is an autoimmune disorder in which ingestion of gluten
causes damage to the small-intestinal mucosa in genetically susceptible
individuals (Fasano et al., 2008; Green and Cellier, 2007; Losowsky, 2008;
Presutti et al., 2007). Celiac disease is also known as celiac sprue or gluten-
sensitive enteropathy. The clinical presentation of celiac disease is highly
variable. In addition to the intestinal symptoms, celiac disease is asso-
ciated with various extraintestinal complications. It is, therefore, consid-
ered as a multisystem disorder (Briani et al., 2008). Patients with celiac
disease also have an increased risk of developing other autoimmune
disorders, such as type I diabetes mellitus (Barton and Murray, 2008;
Gianfrani et al., 2008). In children, celiac disease can be associated with
growth failure and delayed puberty (Tully, 2008). Furthermore, the symp-
toms and associated conditions of celiac disease can vary greatly in
number and severity resulting in frequent delays in diagnosis, and/or
misdiagnosis. Common examples of misdiagnoses include: irritable
bowel syndrome, chronic fatigue syndrome, and fibromyalgia (Catassi
and Fasano, 2008; Cranney et al., 2007; Rashid et al., 2005).

Dermatitis herpetiformis1 is a condition of the skin that is also trig-
gered by the ingestion of gluten in genetically susceptible individuals and
is considered a dermatological form of celiac disease (Abenavoli et al.,
2006; Alaedini and Green, 2005; Briani et al., 2008; Losowsky, 2008).

Gluten is a generic name given to storage proteins in wheat, barley,
rye, and other closely related cereal grains. It is the gluten in wheat flour
that binds and gives structure to bread, baked goods, and other foods,
making it widely used in the production of many processed and packaged
foods. For individuals with celiac disease, these proteins trigger an
inflammatory injury in the absorptive surface of the small intestine result-
ing in malabsorption of protein, fat, carbohydrate, fat-soluble vitamins,
folate, and minerals, especially iron and calcium (Koning, 2008; Tye-Din
and Anderson, 2008; Wieser and Koehler, 2008).

Celiac disease is a lifelong condition. If celiac disease is not diagnosed
early and treated with a strict gluten-free diet, it can be associated with
serious complications, including: osteoporosis, lymphoma, and infertility
in both men and women (Bianchi and Bardella, 2008; Fasano et al., 2008;
Freeman, 2008; Green and Cellier, 2007; Malandrino et al., 2008;
Mangione, 2008; Pastore et al., 2008; Pellicano et al., 2007; Pope and
Sheiner, 2009).

A small-intestinal biopsy is necessary to confirm the diagnosis of celiac
disease (Dickson et al., 2006; Haines et al., 2008). However, the advent of
1 Throughout this publication, when not otherwise specified, dermatitis herpetiformis is included under the
general term celiac disease.
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newdiagnostic serological tests, particularly for anti-endomysial and anti-
tissue transglutaminase antibodies (Alaedini and Green, 2008; Fasano
et al., 2008; Gianfrani et al., 2008; Hill and Holmes, 2008; Hopper et al.,
2008), has now estimated the worldwide prevalence of celiac disease to be
between 1 in 100 and 200 individuals (Catassi, 2005; Catassi et al., 2007b;
Fasano et al., 2003; Harrison et al., 2007; National Institute of Health, 2004).
Certain groups of people have markedly elevated risks of developing
celiac disease. First-degree relatives of individuals diagnosed with celiac
disease have a 10–20% increased risk of developing celiac disease ( Jolobe,
2008). A high prevalence of celiac disease is also found in individuals with
Down syndrome and IgA deficiency (Presutti et al., 2007).

Presently, the only treatment of celiac disease is a strict lifelong exclu-
sion of wheat, rye, barley, and other related cereal grains2 from the diet
(Akobeng and Thomas, 2008; Buchanan et al., 2008; Catassi et al., 2007a;
Ciclitira et al., 2005; Collin et al., 2007; Guandalini, 2007; Hopman et al.,
2008; Kupper, 2005; Zarkadas and Case, 2005; Zarkadas et al., 2006). The
amount of gluten that can be tolerated varies amongst people with celiac
disease. Some patients tolerate an average of 34–36 mg gluten/day with-
out any clinical manifestations of celiac disease, while others who con-
sume approximately 10 mg gluten/day developedmucosal abnormalities
(Akobeng and Thomas, 2008; Catassi et al., 2007a). Although there is no
evidence to suggest a single definitive threshold for a tolerable gluten
intake, there is evidence that a daily gluten intake of<10 mg is unlikely to
cause significant histological abnormalities (Akobeng and Thomas, 2008;
Buchanan et al., 2008; Catassi et al., 2007a; Collin et al., 2007; FDA, 2006;
Hopman et al., 2008).

Whether or not individuals with celiac disease can safely consume oats
has been an issue of interest and investigation in recent scientific litera-
ture. Using a systematic approach, we conducted a comprehensive
review of the available scientific literature from 1995 to 2008 that was
relevant to the safety of oats in the diet of individuals with celiac disease,
including those with dermatitis herpetiformis. It is agreed in the literature
that the first large controlled trial on the safety of oats in celiac disease was
conducted in 1995 ( Janatuinen et al., 1995), marking the starting point of
investigations in the field. Earlier publications were uncontrolled and
their limitations were previously reviewed (Garsed and Scott, 2007).
Hence, 1995 was selected as starting point.
2 Cereal grains that are known to trigger celiac disease/dermatitis herpetiformis reactions include the fol-
lowing: wheat (including durum wheat or ‘‘durum,’’ spelt wheat or ‘‘spelt’’, kamut), barley, rye, triticale, atta,
bulgur, einkorn, emmer, and farro. Also of concern are: wheat bran, wheat farina, wheat flour, wheat germ,
wheat-based semolina, wheat starch (in some countries ‘‘gluten-free’’ can be made with wheat starch), and
graham flour. Commercial oats that may be contaminated with the foregoing grains are also of concern
(Case, 2008; Zarkadas and Case, 2005).
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II. METHODS

A computer-assisted search of available English literature databases was
conducted covering January 1995 to November 2008, using Ovid, Med-
line, and Pub Med. The search was performed in Food Science and
Technology Abstracts, Medline, Embase, CINAHL, Global Health, and
Current Contents. The following search terms were used: ‘‘Celiac dis-
ease’’ and ‘‘oats,’’ oat challenge or rechallenge, oats and the immune
system, oats clinical trials, and oats dietary consumption. The following
keywords were used with adaptations for each database platform: gluten
tolerance or gluten intolerance or coeliac or celiac, oat or oats or avena or
avenin. The reference list of publications generated by the database search
terms were reviewed and compared for further identification of poten-
tially relevant papers. Search results were managed using ‘‘Reference
ManagerÒ Soft Ware.’’ Other publications, which were not directly rele-
vant to celiac disease and the consumption of oats such as oats atopic
sensitization and allergy, were excluded.

Two independent investigators evaluated the publications and the
results were tabulated (Tables 6.1 and 6.2). The safety assessment
included all publications identified in the database search as: (A) pivotal
in vivo clinical studies conducted in patients, adults, or children, with
celiac disease or dermatitis herpetiformis, who were challenged with oats
and underwent a small bowel or skin biopsy, with or without additional
diagnostic serological tests (anti-endomysial; anti-tissue transglutami-
nase) in order to assess the biological response to the introduction of
oats to an otherwise gluten-free diet (Table 6.1); (B) nonpivotal studies
conducted in patients, adults, or children, with celiac disease or dermati-
tis herpetiformis using in vitro methods or serology without a biopsy to
test the biological response to oats (Table 6.2); (C) other relevant studies
not fulfilling either of the above selection criteria (not tabulated).

The following documents were also considered in the safety/benefit
evaluation: Threshold Working Group on ‘‘Approaches to Establish
Thresholds for Major Food Allergens and for Gluten’’ (Food And Drug
Administration, 2006); Gluten-free Labelling of Foods (Food and Drug
Administration, 2007); Health Claims from Certain Foods and Risk of
Coronary Heart Disease (Food And Drug Administration, 2008); publica-
tions assessing the benefits of oats for celiac individuals (Peräaho et al.,
2004a,b; Sadiq Butt et al., 2008); and for the general population
(Andon and Anderson, 2008; Makelainen et al., 2007; Maki et al., 2007a,b;
Reyna-Villasmil et al., 2007).

The available information is summarized in Appendix 1 and in
Tables 6.1 and 6.2, and is organized accordingly.



TABLE 6.1 Pivotal in vivo clinical studies of the effects of oats in patients with celiac disease and dermatitis herpetiformis

Reference

authors/

year

Study

design

Number of

subjects

tested

Study

duration

Amount

of oats

added to

a GFD

Purity

verified Withdrawal

Clinical and

lab tests

Intestinal

biopsy

findings after

challenge Summary comments

Adults

Janatuinen

et al. (1995)

Randomized

controlled

92 CD subjects Not

reported

11 subjects

dropped out

No serology (refer to

Janatuinen et al.,

2000)

Normal villous

architecture at

6 and 12 months

Most subjects tolerated oats in

the amounts of 50–70 g/day

in an otherwise GFD

52 in remission 6 months Mean: 49.9 �
14.7 g/day

6 from remission group

(3 control

(1 þ, 2 �),

3 oats (2þ, 1 �))

One out of 21 new Dx

controls did not

enter remission

after

12 months26 oats/26

control

40 new Dx

of CD

12 months Mean: 46.6 �
13.3 g/day

5 from new Dx group

(2 control (1þ, 1�),

3 oats (1þ, 2�))

(þ) Reported symptoms of

itching and/or

abdominal bloating

19 oats/21

control

(�) Refused to continue, no

reason provided

Srinivasan

et al. (1996)

Baseline

controlled

10 CD subjects

in remission

12 weeks 50 g/day Yes None No change in gliadin

and EM Abs

No morphological

damage, no change

in IEL counts or

enterocyte height

Oats are not toxic to celiac

patients

Hardman

et al. (1997)

Baseline

controlled

10 DH subjects in

remission

12 weeks Mean: 62.5 �
10.8 g/day

Yes None Gliadin, Ret, and EM

Abs

Normal histology after

Oats challenge, no

change in IEL and

enterocyte height

Adults with DH tolerate

moderate amounts of oats

Not detected after oats

challenge

No change in dermal

IgA



Reuanala

et al. (1998)

Controlled 22 DH subjects in

remission

6 months Median: 53.2 g/

day (range

30–66 g/

day)

Yes 2 subjects dropped out:

both from oats group (1

due to persistent mild

rash, 1 no

reason provided)

8 no symptoms with

oats

Unaltered villous

architecture,

IELs, and IH

markers

Absence of oats toxicity in small

bowel and suggest that the

rash observed in DH

subjects is not activated by

eating oats11 oats/11 control 2 oats and 3 control

developed

transient rash EM

Abs negative in all

subjects

Skin biopsy not

different between

groups

Janatuinen

et al. (2000)

(*continuation

of Janatuinen

et al., 1995)

Randomized

controlled

*Same study

population:

Serum from 92

CD subjects

Yes *N/A Gliadin and Ret Abs

not significantly

different between

oats and controls

No increase in IELs

among subjects in

remission with and

without oats

Results strengthen the view

that most subjects tolerated

oats in the amounts of

50–70 g/day in an otherwise

GFD52 in remission 6 months Mean: 49.9 �
14.7 g/day

IELs decreased among

new Dx subjects

with and without

oats

26 oats/26 control

40 new Dx of CD 12 months Mean: 46.6 �
13.3 g/day19 oats/21 control

Janatuinen

et al. (2002)

(*continuation

of Janatuinen

et al., 1995)

Follow-up;

controlled

*Follow-up with CD

subjects from

previous study

5 years after

original

trial

subjects

reexamined

Median: 34 g/

day (range

10–70 g/

day)

Yes at 6–12

months,

but not

thereafter

*12 subjects no longer

eating oats after 5 years

citing fears about safety

Gliadin, EM, and Ret

Abs not

significantly

different between

oats and controls

Villous architecture

and inflammatory

cell infiltration not

significantly

different between

oats and control

group

Supports the view that long-

term (up to 5 years)

consumption of oats in

moderate amounts are

tolerated by CD subjects

Limitations: higher number

of drop outs; purity of oats

not tested after long term

35 oats/28 control

Lundin

et al. (2003)

Baseline

controlled

19 CD subjects 12 weeks 50 g/day Yes 1 subject dropped out after

2 weeks due to GI

symptoms

Normal gliadin, EM,

and tTG Abs

18 patients with

normal histology

Some concerns remain with

respect to the safety of oats

1 villous atrophy

5 with IFN-g mRNA

Follow-up;

baseline

controlled

Follow-up with

12 subjects who

continued with

oats regularly

1.5 years Less than 50 g/

day

No Normal serology Normal histology

2 with IFN-g

mRNA

Most CD patients tolerate

uncontaminated oats in the

diet

(continued)



TABLE 6.1 (continued )

Reference

authors/

year

Study

design

Number of

subjects

tested

Study

duration

Amount

of oats

added to

a GFD

Purity

verified Withdrawal

Clinical and

lab tests

Intestinal

biopsy

findings after

challenge Summary comments

St�rsrud et al.

(2003a,b)

Baseline

controlled

20 CD subjects in

remission

2 years Median: 93 g/

day (range

70–100 g/

day)

Yes 5 subjects dropped -out:

2 because of

abdominal distension/

flatulence

(histology and serology

normal)

Normal gliadin and

EM Abs

13 subjects no change

from baseline after

oats

Adult patients in remission can

tolerate 70–100 g/day of

oats with nutritional and

compliance benefits3 partial atrophy at

baseline had

histological

improvement and

inflammation

remained

unchanged or

improved after oats

3 nonmedical 1 slight inflammation

increase

Peräaho et al.

(2004a)

Randomized

controlled

39 CD subjects with

mucosal

recovery

1 year Median: 31.5 g/

day (range

0–70 g/day)

Not

reported

3 subjects dropped out

from oats group due to

GI symptoms (serology

normal, biopsy

incomplete recovery)

EM and tTG Abs not

significantly

different between

oats and controls

Biopsy available from

18 treated and 13

control

Inclusion of oats did not disturb

intestinal integrity but did

cause more GI symptoms

Limitations: it is not clear if

oats used were

uncontaminated

(Others refused)23 oats/16 control

No morphology

differences

between groups

IEL higher in oats

versus control

Kemppainen

et al. (2007)

(*continuation

of Janatuinen

et al., 2002)

Follow-up;

controlled

*Follow-up with

22 CD subjects

from oat group in

previous study

5 years Median: 30 g/

day (range

10–70 g/

day)

Yes at 6–12

months,

but not

thereafter

*10 subjects

no longer eating oats

after 5 years citing fears

about safety

No serology Intestinal biopsy

indicated no

differences in IELs

biomarkers

Long-term use of oats does not

stimulate local

immunologic response in

the small bowel

20 control subjects

with strict GFD

and no history

with oats



Kemppainen

et al. (2008)

Randomized

controlled

trial

32 CD subjects in

remission who

followed GFD þ
oats

1 year Increased from

20 (range

0–89 g/day)

to 93 g/day

(range 35–

158 g/day)

at 6 months

Yes 2 drop outs; 1

due to reported GI

symptoms after 1 week

and 1 due to unrelated

circumstances

Normal levels of EM

Abs throughout

the study

No marked differences

in the

histopathology of

small-intestinal

biopsies

The lack of reactivity of

patients’ sera against

avenin, suggests that oats is

not harmfully antigenic in

CD, even in an unkilned

form16 kilned oats/16

unkilned oats

Duodenal villous

architecture and

mucosal

inflammation

improved

throughout the

study

Self controlled

groups switched

treatments after 6

months

Children

Hoffenberg et al.

(2000)

Baseline

controlled

10 CD subjects with

New Dx

6 months 24 g/day Yes None Decrease in tTG Abs Villous architecture

and IEL count

improved during

study

Commercially available oats,

tested for purity was

tolerated by newly Dx celiac

children

Högberg et al.

(2004)

Double-blind

randomized

controlled

116 CD subjects with

new Dx

1 year Median: 15 g/

day (range

5–40 g/day)

Yes 22 subjects dropped out Gliadin, EM, and tTG

Abs not

significantly

different between

oats and controls

All with normal

mucosal

architecture except

2 control subjects

after 1 year

Addition of oats to GFD is

tolerated by newly Dx CD

children
15 from oats (5 because of

GI symptoms, 1 due to

poor growth, 7 no

symptoms)

57 oats/59 control

No significant

difference in IELs

count between

groups

7 from control (2 with GI

symptoms, 5 no

symptoms)

Hollén et al.

(2006a)

(*continuation

of Högberg

et al., 2004)

Controlled *Same study

population 86

subjects from

original study

sampled

1 year *Subjects

consuming

at least

10 g/day

were

selected

from

original

study

population

Yes N/A IgA antiavenin Abs

decline after 3

months, IgG Abs

significantly

decreased but

remained high in

majority of

patients both

groups; nitric

oxide levels high in

4 urine samples

No biopsy Oats was not producing a

humoral immune reaction;

however, findings do not

exclude the possibility that

some CD patients are

susceptible to oatsSerum from 38 CD

subjects on

GFD þ oats

Control: serum from

48 CD subjects on

GFD

(continued)



TABLE 6.1 (continued )

Reference

authors/

year

Study

design

Number of

subjects

tested

Study

duration

Amount

of oats

added to

a GFD

Purity

verified Withdrawal

Clinical and

lab tests

Intestinal

biopsy

findings after

challenge Summary comments

Hollén et al.

(2006b)

(*continuation

of Högberg

et al., 2004)

Controlled *Same study-

population 87

subjects who

completed

original study

sampled

1 year Median: 15 g/

day (range

5–40 g/day)

Yes N/A No significant

differences

observed between

groups

No biopsy Children with CD consuming

oats have similar reduction

in urinary nitrite/nitrate

excretion as GFD children;

yet for some, nitrite/nitrate

levels remain high, long-

term follow-up needed

Nitrite/nitrate values

of 9 GFD þ oats

and 8 GFD

remained high

after 1 year

Urine from 39 CD

subjects on GFD

þ oats

Control: Urine from

48 CD subjects on

GFD

Holm et al. (2006) Baseline

controlled

32 CD subjects 2 years Median for new

Dx subjects

Yes 3 remission subjects

dropped out: 2 from

oats challenge due to GI

symptoms (serology

negative, villous

morphology normal,

and IELs decreased)

and 1 from gluten

challenge due to

laborious study

protocol

(asymptomatic)

EM, gliadin, and tTG

Abs were negative

except during

gluten challenge

Relapse after gluten

but not oats

challenge

Pure oats can be safely added to

the GFD of most children

with CD
7 years9 new Dx on GFD þ

oats

Recovery of all groups

on GFD þ oats as

per histology and

IELs biomarkers

43 g/day

(range 19–

64 g/day)

Consumption of oats does not

result in mucosal

deterioration or immune

activation

23 in remission

Median for

subjects in

remission

13/23 challenged

with oats and

10/23 challenged

with gluten, after

relapse with

gluten placed on

GFD þ oats

45 g/day

(range 13–

81 g/day)

22 long-term clinical

follow-up

Abs, Antibodies; CD, celiac disease; DH, dermatitis herpetiformis; Dx, Diagnosis; EM, endomysial antibodies; GI, gastrointestinal; GFD, gluten-free diet; IELs, intraepithelial lymphocytes; IFN, interferon; Lab, laboratory;
tTG, tissue transglutaminase antibodies; Ret, reticulin; IH, immunohistochemistry.



TABLE 6.2 Nonpivotal studies testing the effects of oats in patients with celiac disease by in vitro methods or serology

Reference authors/year

Number of subjects

tested Method of assessment Results Summary comments

In vitro—duodenal mucosal cultures

Srinivasan et al. (1999)

(*continuation of

Srinivasan et al.,

1996)

9 CD and 11 non-CD

controls

Lactase expression of

in vitro duodenal

mucosal cultures

Lactase was expressed in

11 control samples

from subjects with

normal histology

Results corroborate

the lack of oats

toxicity in adult CD

subjects

*Additionally same
study population: 10

CD subjects in

remission who

supplemented GFD

with 50 g oats/day

for 3 months

Lactase was not
expressed in samples

from 9 subjects with

active CD

Lactase was expressed in

samples from 10 CD

subjects in remission

who were challenged

with oats

Picarelli et al. (2001) 13 treated CD subjects Immune responses of

in vitro duodenal

mucosal culture to

gliadin and avenin

EM Abs produced in

response to gliadin but

not avenin by celiac

mucosa. No EM Abs
from controls

Oats appear to have no

harmful effect on

CD

(continued)



TABLE 6.2 (continued )

Reference authors/year

Number of subjects

tested Method of assessment Results Summary comments

Kilmartin et al. (2003) 17 CD and 16 non-CD

controls

Immune responses of

in vitro duodenal

mucosal culture to

gliadin and avenin

Gliadin caused increase

in IFN-g mRNA in all

CD subject samples

Immunogenic

sequences in gliadin

are not present in

avenin. These

results support that

oats are safe for
consumption by CD

subjects

Increased IFN-g protein

in 4 CD subject samples

Smaller increases in IL-2
cytokine mRNA

detected in 6 CD

subject samples and

increased IL-2 cytokine

protein in 2 CD subject

samples

No significant response

with avenin
No response to gliadin or

avenin among controls

Arentz-Hansen et al.

(2004)

(*continuation of

Lundin et al., 2003)

9 CD subjects who had

history of oats

exposure (*5/9 from

same study

population)

Derivation of

polyclonal T cell

lines

Avenin-reactive T cell

lines recognized avenin

peptides in the context

of HLA-DQ2

Some CD patients

have avenin-reactive

mucosal T cells that

can cause mucosal

inflammationIn vitro duodenal

mucosal cultures

were challenged
with either pepsin or

A substantial proportion

of the avenin-reactive

T cell appears to be
specific to avenin



trypsin digest or a

chymotrypsin digest

of avenin

T cell lines challenged

with avenin responded

more strongly to

avenin than to gluten in

4 of 5 samples

Srinivasan et al. (2006)

(*continuation of

Srinivasan et al.,

1996)

*Same study

population: 10 CD

subjects who

supplemented GFD
with 50 g oats/day

for 3 months

Immune responses of

in vitro duodenal

mucosal culture

treated with Abs
against: HLA

D-related, Ki-67,

CD25, CD54,

ICAM-1, and mast

cell tryptase

None of the patients

developed clinical or

lab evidence of adverse

effects

No evidence of

immune activation

from oats

supplementation

Distribution of intestinal

HLA-DR expression

was not affected

Number of CD25 and

tryptase positive cells

was not altered

Distribution and intensity
of ICAM-1 staining

unchanged

Kilmartin et al. (2006) 7 CD subjects Immune response of
gliadin-reactive

mucosal T cell lines

to wheat, barley, rye,

and oat-related

cereals

All 5 T cell lines
demonstrated

immunoreactivity to

protein fractions from 4

related cereals

Confirms similar T cell
antigenic reactivity

of 4 related cereals

Some cell lines reactivity

to wheat, barley, and

rye was evident only

when cereal fractions
were pretreated with

tTG

(continued)



TABLE 6.2 (continued )

Reference authors/year

Number of subjects

tested Method of assessment Results Summary comments

Measuring

proliferation or

cytokine production

Despite oats stimulation

of T cell lines, it did not

activate a mucosal

lesion in most subjects

In Vitro—other

Silano et al. (2007) 10 children with

verified CD

Peripheral lymphocyte

samples exposed to

avenins from 4

different oat
varieties: Lampton,

Astra, Ava, and

Nave

All varieties of oats were

immunogenic, with

Lampton and Ava

avenins inducing
lymphocyte activation

similar to gliadin

More evidence is

needed to show the

safety of oats and

varieties of low
toxicity

Lymphocyte

proliferation and

IFN-g release in the

culture medium

were measured as
indexes on immune

activation

Astra and Nave avenins

showed less

immunogenicity

Silano et al. (2007) N/A 3 varieties of oats were

tested by 2 assays
based on the known

ability of PT digests

of celiac-active

Avenins from Italian

variety Astra and the
Australia variety

Mortlook were more

active than the

Results indicate that

some varieties of
oats may be

potentially harmful



proteins to

agglutinate K562

cells and to disrupt

lysosomes

Australian variety

Lampton. Gliadin,

digested in the same

way, had more activity
than all 3 avenins

to individuals with

CD

Serology

Guttormsen et al.

(2008)
136 CD subjects Serum samples were

tested for levels of

IgA to wheat

gliadin, oats avenin,

and tTG

Gliadin, avenin, and tTG
did not differ among

CD subjects

Findings support the
notion that most

adult CD patients

can tolerate oats

82 CD subjects oats

(24 g/day (mean);

6 months minimum)

and 54 CD subjects

GFD without oats

Ingestion of oats does

not cause increased

levels of IgA against

oats in CD patients

on GFD
Control: 139 non-CD

subjects

Abs, Antibodies; CD, celiac disease; EM, endomysial antibodies; GFD, gluten-free diet; HLA-DQ2, human leukocyte antigen; ICAM, intercellular adhesion molecule; IFN, interferon; IL, interleukin; Lab,
laboratory; tTG, tissue transglutaminase antibodies.
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A. Pivotal in vivo clinical studies on the effect of oats in
patients with celiac disease and dermatitis herpetiformis
(Table 6.1)

Studies were grouped by subject (adults vs. children) and organized
chronologically by publication date. The following parameters were tabu-
lated from each publication: reference (authors and year); study design
(randomized controlled trials, observational changes from baseline in a
single group, cohort study); number of subjects tested (newly diagnosed
patients vs. those in remission on a gluten-free diet prior the oats chal-
lenge); study duration; amount of oats added to the gluten-free diet;
purity of test material verified (if the oats used in the challenge were
tested for gluten contamination); withdrawals; clinical and laboratory
tests, biopsy, and histopathology findings after the oats challenge; and
summary comments.
B. Nonpivotal studies testing the effect of oats in patients with
celiac disease by in vitro methods or serology (Table 6.2)

Studies were grouped according to the in vitro method used (duodenal
mucosal cultures, other, serology) and organized chronologically by
publication date. The following parameters were tabulated from each
publication: reference (authors and year); number of subject tested (sub-
jects with celiac disease vs. controls); method of assessment; results; and
summary comments.
III. RESULTS

A. Pivotal in vivo clinical studies on the effect of oats
in patients with celiac disease and dermatitis herpetiformis

Table 6.1 summarizes the clinical dietary challenge studies in both adults
and children that assess the effect of oats on patients with celiac disease
and dermatitis herpetiformis. These studies are considered pivotal based
on the use of biopsy results (intestinal/skin) as the key endpoint follow-
ing the oats challenge. Within this parameter, 11 oats-challenge studies in
adults and 3 in children were identified. Some of the pivotal challenge
studies had clinical follow-up studies reported in separate publications.
These follow-up publications are identified (*) in Table 6.1 given that the
same pool of patients from the original challenge studies were evaluated
using other laboratory methods to assess their biological response to oats.
Further details of each study are provided in Appendix 1.
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Janatuinen et al. (1995) were the first to evaluate the possible toxicity of
oats in a large controlled study. Since then, a number of studies (Table 6.1)
have assessed the safety of oats consumption by individuals diagnosed
with celiac disease and dermatitis herpetiformis. Most studies were con-
ducted on adults, with a smaller number of studies performed on children.

Of the 14 studies identified as pivotal in adults and children, five were
randomized controlled trials, five were observational changes from base-
line in a single group, and three were cohort studies. Furthermore, one
study conducted with children utilized three study designs (randomized
controlled, observational changes from baseline in a single group, and a
cohort study follow-up) with different groups in the study population
(refer to Table 6.1 or Appendix 1 for further details). The duration of all
the studies within the database, ranged from 12 weeks to 5 years in adults
and 6 months to 7 years in children (Table 6.1). In adults, there was one
study with a 5-year follow-up period ( Janatuinen et al., 2002) and an
additional follow-up analysis of the local immunological response of the
small-intestinal mucosa (Kemppainen et al., 2007). In children, one study
had a 7-year follow-up period (Holm et al., 2006).

The amount of oats included in the gluten-free diets ranged from 30 to
93 g for adults and from 15 to 45 g for children (Table 6.1). In a small
number of adult subjects, the median amount of oats tested over a 2-year
period was 93 g (up to 100 g/day) (St�rsrud et al., 2003a,b) and in one
study (Holm et al., 2006) children ingested amedian of 45 g (up to 81 g/day)
oats daily for 2 years.

In this review, emphasis has been placed on the purity of the oats
tested because the contamination of commercial oats by wheat, barley,
and rye cereals has been reported as an intermittent problem that can
potentially skew trial results (Gelinás et al., 2008; Hernando et al., 2008;
Thompson, 2004). Cross contact of oats with these cereals is considered a
key reason for apparent oat intolerance reported in the past and continues
to be an issue of concern for commercially available oats (Dickey, 2008;
Ellis and Ciclitira, 2008; Garsed and Scott, 2007). Hence, information
about the purity of oats included in the gluten-free diets of study partici-
pants was identified in all the publications included in the database
(Table 6.1). All of the pivotal studies reported the purity of oats tested
with only two exceptions (Janatuinen et al., 1995; Peräaho et al., 2004b).
However, many of the studies failed to indicate the basis upon which the
oat samples were deemed to be gluten-free. It was assumed that unless
otherwise specified, the oat samples that were reported as free of contam-
ination with wheat, barley, and rye had gluten levels that were below the
detection limit of the applied testingmethod(s). However, some studies did
not specify the cut-off values used to determine whether the oat samples
were considered gluten-free. St�rsrud et al. (2003a,b) reported a 20 parts per
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million (ppm) limit of detection and Holm et al. (2006) reported that 29 out
of 30 oat samples tested contained gliadin levels below 28 ppm.

1. Safety of oats in adults
Among the studies conductedwith adults (Table 6.1), therewas a combined
total of 170 patients with either celiac disease or dermatitis herpetiformis,
either in remission or newly diagnosed, who were challenged with oats
while consuming an otherwise gluten-free diet. Of the 170 adults who had
an intestinal biopsy after they were challenged with oats, only one (1/170)
case in one study (Lundin et al., 2003) showed histological evidence of
intestinal mucosal injury associated with exposure to oats. Although
some individuals in these studies reported some adverse gastrointestinal
symptoms, the symptoms were considered mild and transient and there
was no evidence to associate oats with the development of histopathologi-
cal lesions of the small-intestinal mucosa, the definitive diagnostic criterion
of celiac disease.

The majority of adults included in these studies were following a
gluten-free diet and reported to be in remission as evidenced by the
normal small-intestinal mucosa histology at the initiation of the trial.
One study ( Janatuinen et al., 1995) included 40 newly diagnosed patients
of which 21 were used as control and 19 were challenged with oats.
Of these newly diagnosed patients, one control subject of the 21 did not
enter remission after 1 year of consuming a gluten-free diet. The inclusion
of oats in the gluten-free diet of 19 newly diagnosed patients did not
prevent symptomatic and mucosal healing ( Janatuinen et al., 1995).

A total of 22 patients with celiac disease (22/170) had evidence of
abnormal bowel histopathology (Kemppainen et al., 2008; St�rsrud et al.,
2003a,b) prior to a dietary challenge with oats (baseline). These patients
were on a gluten-free diet for at least 6 months prior to entering the trial.
Patients with a normal bowel biopsy at baseline remained normal after the
inclusion of oats into their gluten-free diet and patients with an abnormal
bowel biopsy at (n ¼ 22) baseline showed either no evidence of further
histopathological deterioration after the oats challenge or histopathological
improvement. Furthermore, the results of a 5-year follow-up study with
adult patients with celiac disease who included oats in their diet indicated
that exposure to oats did not alter the small-intestinalmucosamorphology
or stimulate an immunological response locally in the mucosa of the small
intestine ( Janatuinen et al., 2002; Kemppainen et al., 2007).

2. Safety of oats in children
Among the studies conducted with children (Table 6.1), there were
89 children with celiac disease, either in remission (n ¼ 13) or newly
diagnosed (n¼ 76), who were challenged with oats added to an otherwise
gluten-free diet. All of the children who were in remission at the time of
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entering the trial responded well to the test diet. Follow-up results for
these children were comparable to those of the corresponding controls
and there was no histological evidence of deterioration in the intestinal
mucosa after the introduction of oats into their gluten-free diet.

Similarly, newly diagnosed children recovered well on a gluten-free
diet that included oats (Hoffenberg et al., 2000; Högberg et al., 2004; Hollén
et al., 2006b; Holm et al., 2006). A combined total of 76 newly diagnosed
patients were challenged with oats in these studies. Children were placed
on the test diet (gluten-free diet including oats) after diagnosis and were
assessed for disease remission at the end of the study. A randomized
controlled study (Högberg et al., 2004) conducted with children who were
newly diagnosed with celiac disease showed that the consumption of an
oat-containing gluten-free diet for 1 year did not interfere with clinical,
serological, or small-intestinal mucosal recovery. In another study,
22 children with celiac disease, 9 newly diagnosed and 13 in remission
consumed a gluten-free diet plus oats for 7 years without clinical or
serological evidence of relapse (Holm et al., 2006).
3. Withdrawal of adults and children from pivotal clinical studies
Within the adult database (Table 6.1), 41 out of 170 individuals who were
challenged with oats withdrew from the trials. However, only 11 of these
41 individuals reported adverse side effects associated with the consump-
tion of oats. Therefore, of the 170 adults who were challenged with oats,
only 6% reported adverse effects (11/170). Of the 89 children who were
challengedwith oats, 17 individuals withdrew from the trials and only 9%
reported adverse side effects from the consumption of oats (8/89). In both
adults and children, the side effects reported were mostly gastrointestinal
in nature. Information regarding the reasons for the withdrawal of the
other cases was limited.
4. Gastrointestinal symptoms in adults and children
As reported in the clinical trials (Appendix 1 and Table 6.1), some patients
with celiac disease, both adults and children, experienced gastrointestinal
symptomsmore often when consuming an oat-containing diet than with a
standard gluten-free diet. However, in general, such symptoms were
reported as transient, mild, and were explained as the effect of an
increased intake of fiber from oat products rather than the reoccurrence
of clinical manifestations of celiac disease. Except for the withdrawals
noted above, most patients continued to participate in the trials. The
reports of mild gastrointestinal symptoms, without clinical or serological
evidence of relapse, were not considered sufficiently adverse to warrant
the exclusion of oats from the gluten-free diet of patients with celiac
disease.
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B. Nonpivotal studies testing the effect of oats in patients with
celiac disease using in vitro methods or serology

In addition to the pivotal studies, several publications (Table 6.2) used
other methods to test the response of individuals with celiac disease who
were introduced to oats. These studies did not fulfill the selection criteria
of pivotal studies namely an in vivo oats challenge with an intestinal/skin
biopsy to assess the biological response to the introduction of oats into an
otherwise gluten-free diet. Instead, they used various in vitro techniques
to assess the immune response to avenin, or serology without an intestinal
mucosal biopsy. Most of the methods used duodenal mucosal cultures
prepared from biopsies or intestinal T cell lines obtained from individuals
with celiac disease. Other studies measured the immunogenic reaction in
peripheral lymphocytes or measured the presence of various antibodies
in individuals with verified celiac disease who included oats in their diet,
in comparison with a reference group (Table 6.2). Some of these studies
used patients that were previously included in pivotal studies. These
studies are identified with an asterisk (*) in Table 6.2.
1. In vitro—duodenal mucosal cultures
Despite the diversity of the methodology used, the overall results from
these in vitro nonpivotal studies are consistent with the opinion that oats
are well tolerated by the majority of patients with celiac disease. How-
ever, there is some evidence that avenin from oats can elicit an in vitro
immunogenic response. One study that reported an in vitro immunogenic
response to avenin (Arentz-Hansen et al., 2004) established oat avenin-
specific and reactive intestinal T cell lines from three patients who had
clinical symptoms while consuming an oat-containing diet, as well as
from two other patients who appeared to tolerate oats. Some of these
patients were recruited from the same pool of patients participating in a
designated pivotal study. Of these participants, one patient was known to
be intolerant to oats with associated intestinal pathology (Lundin et al.,
2003). In contrast, other in vitro studies (Kilmartin et al., 2003, 2006) report
that purified avenin from oats is not immunogenic to the intestinal
mucosa of patients with celiac disease.
2. In vitro—other
Recent studies using a peripheral lymphocyte method to test the immu-
nogenic properties of oats (avenin) reported that avenins from different
oat cultivars have different levels of toxicity when tested in vitro (Silano
et al., 2007a,b). All the varieties of oats tested (Lampton, Astra, Ava, and
Nave) by these investigators were immunogenic with differences in their
capacity to induce a response. All avenin from oat cultivars had less
activity than gliadin (wheat), but more activity than rice prolamins.
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3. Serology
Guttormsen et al. (2008) assessed several serological parameters
(IgA against oat avenin and wheat gliadin, and tissue transglutaminase) in
samples collected from 136 adult patients, who had a biopsy-confirmed
diagnosis of celiac disease and eating a strict gluten-free diet for at least
2 years. Resultswere compared to 139 nonceliac controls. Although patients
were not challenged with oats, 82 patients with celiac disease had been
taking oats as part of their gluten-free diet for 6 months or more and
recorded their oats intake during a 3-week period. Patients were instructed
to consume only ecologically grown oats specifically produced for celiac
disease patients. Other than this, therewas no report of testing results of the
purity of oats. No significant differences were found in IgA against oats in
oats-eating and non-oats-eating patients with celiac disease.
C. Other studies relevant to the effect of oats in patients
with celiac disease

One study (Peräaho et al., 2004b) conducted a retrospective evaluation,
beginning in 1997, on the inclusion of oats within a gluten-free diet by
patients with celiac disease and dermatitis herpetiformis. The inclusion of
oats, the effect of oats on symptoms of illness, and the quality of life were
investigated in 1000 randomly selected members of the Finland Celiac
Society. Altogether, 710 patients responded to the questionnaire: 423
(73%) with celiac disease and 70 (55%) with dermatitis herpetiformis
were currently consuming oats. Subjects reported an appreciation of the
taste, the ease of use, and the low cost of oats. Of the respondents, 94%
believed that oats diversified the gluten-free diet. This study provides
support to the beneficial effects of oats for individuals with celiac disease.
However, 15% of patients with celiac disease and 28% of patients with
dermatitis herpetiformis reported that they had stopped eating oats. The
most common reasons reported for avoiding oats were the fear of an
adverse effect or of contamination of the oats with cereals excluded
from the gluten-free diet, for example, wheat, barley, and rye.
IV. DISCUSSION

A. Evidence based on pivotal and nonpivotal studies

An overall assessment of the studies published since 1995 (Tables 6.1 and
6.2) supports the opinion that the majority of adults and children who have
celiac disease or dermatitis herpetiformis, regardless of whether the condi-
tion is newly diagnosed or in remission, can tolerate moderate amounts
(20–25 g/day dry rolled oats for children; 50–70 g/day for adults) of pure
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oats, uncontaminated with gluten from wheat, rye, and barley. The follow-
ing issues were taken into consideration when determining the safety of
introducing oats into the gluten-free diet of individuals with celiac disease:

Comparisons of the various studies are complicated by the different
study designs, the different conditions used in the testing, and in the
reporting of the purity of the oat products used in the clinical trials. All
the studies reviewed had some limitations; however, regardless of these
limitations most studies indicated that subjects could tolerate the inclu-
sion of oats in a gluten-free diet, providing it was free of contamination
with gluten-containing cereals.

The key limitations of the study designs are the duration of the study
and the number of subjects. Since most studies conducted are short term,
the potential effect of a lifetime exposure to oats requires further investi-
gation. Long-term compliance to a gluten-free diet is one of the major
difficulties in the management of celiac disease, and the collection of long-
term data related to the consumption of oats is also very challenging.

The number of subjects included in each challenge study was limited,
most likely due to the difficulty of recruiting enough subjects willing to
comply with the long and laborious study protocols including endoscopic
biopsies. More specifically, in studies involving children, particularly
those including very young children, an additional challenge was the
possible reluctance of the children and/or their parents to participate,
which would interfere with compliance and the desire to continue until
the end of the study. Training the families of the children to maintain
compliance to the study protocol is an additional essential requirement to
ensure accurate results. Furthermore, patients with celiac disease willing
to participate in challenge studies are aware that they may face reactiva-
tion of the clinical symptoms or a delay in their recovery. For ethical
reasons, most studies that recruited newly diagnosed patients had
exclusion criteria to eliminate patients with the most severe pathologies.
It is important to recognize the limitations that are encountered in celiac
disease challenge clinical trials, as the information gleaned from these
trials must be interpreted and evaluated within such limitations.

The differences in the oat products used, the testing, and the reporting
of the purity of oats further limited a comprehensive safety assessment.
Evaluation of the purity of the oats used in each study is paramount to
being able to distinguish between possible toxicity of oats versus adverse
effects induced by cross contamination. A standardization of the reporting
of the purity of oats utilized within the studies would increase the accuracy
of safety assessments and assist in the establishment of a threshold for the
tolerance to gluten from wheat, barley, and rye. Cross validation, standar-
dization, and international agreement on the test methodologies to assess
the purity of oats will also need reevaluation as further information
becomes available.
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In the current database, there is no evidence that the inclusion of oats in
the gluten-free diet induces adverse effects in newly diagnosed patients.
Using the baseline biopsy and clinical assessment for comparison, clinical
studies in both adults and children that examined newly diagnosed indivi-
duals, showed that patients either improved or did not deteriorate after the
inclusion of oats to their gluten-free diet. It was noted within the database
that 22 out of 170 adult patients had abnormal bowel mucosal histology
consistent with active disease at baseline. This observation is of particular
concernbecause thesepatientswere identifiedasbeing in remissionandona
gluten-freedietprior to their inclusion into theoats-challenge trial.Although
no explanation was given for these findings, the following considerations
were taken into account: (a) compliance to gluten-free diet (Martin, 2008),
(b) cross contamination of gluten-free diet and threshold of gluten tolerance
(Akobeng and Thomas, 2008; Gelinas et al., 2008; Troncone et al., 2008b),
(c) lack of response to gluten-free diet or refractory celiac disease (Abdallah
et al., 2007), and (d) histopathology criteria for diagnosis (Upton, 2008).

From currently available data, one adult patient (1/170) challenged
with oats was reported to have a severe adverse reaction to oats. Approxi-
mately 6%of adults and 9%of childrenwithdrew from clinical trials due to
reported adverse effects from the inclusion of oats in their diet. This
evidence, along with the indication from some in vitro studies of an immu-
nological response to avenin in the absence of clinical manifestations of
celiac disease and the limitations of the database (previously discussed),
supports a cautionary approach for the introduction of oats into a gluten-
free diet until the prevalence of oats intolerance among people with celiac
disease is well established (Dickey, 2008; Garsed and Scott, 2007).

Despite the noted challenges of conducting a comprehensive evalua-
tion of the most recent clinical trials, the majority of the evidence indi-
cated that most people with celiac disease could tolerate the inclusion of a
moderate amount (20–25 g/day; 65 ml or 1/4 cup) dry rolled oats for
children and (50–70 g/day; 125–175 ml or 1/2–3/4 cup dry rolled oats)
for adults of pure oats (uncontaminated with other gluten-containing
cereal grains) in a gluten-free diet (Table 6.1, Appendix 1). Based on
some evidence that a possible sensitivity to pure oats exists, most inves-
tigators in the field recommend a clinical follow-up when introducing
pure oats to the gluten-free diet (Haboubi et al., 2006; Rashid et al., 2007).
This includes both initial and long-term assessments.
B. Evidence based on other reviews on the safety of oats

Earlier published reviews on the safety of oats for patients with celiac
disease were included in this evaluation (Dor and Shanahan, 2002; Kumar
and Farthing, 1995; Schmitz, 1997; Thompson, 1997, 2003). Two
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systematic reviews were identified and compared to our review (Garsed
and Scott, 2007; Haboubi et al., 2006).

Haboubi et al. (2006) conducted a systematic review of the literature
related to the inclusion of oats in the gluten-free diet for patients with
celiac disease in order to assess whether oats can be recommended to
these patients. In this report a computerized search of the scientific
literature up to 2005 was carried out using specific search and selection
criteria. Haboubi et al. (2006) identified 17 primary studies, six of which
met their inclusion criteria. We compared our database to that of Haboubi
et al. (2006) and identified the following differences: (a) the time period
evaluated, (b) selection criteria, and (c) data analysis. A key difference
between databases was that although Haboubi et al. used rigorous selec-
tion criteria, whether or not the purity of oats used in the studies were
tested was not taken into consideration in their evaluation. By contrast,
our analysis of the literature included all the studies identified by Haboubi
et al. (2006) as well as relevant studies published up to November 2008.
Attention was specifically given to the purity of the oats used in the studies
because this parameter is considered paramount to the ability to distinguish
between possible toxicity of oats versus adverse effects induced by cross
contamination. Another noted difference between databases was that
Haboubi et al. (2006) excluded all studies where the same patient served
as control. It is, however, well accepted that in patients with celiac disease
there is high variability in the susceptibility to gluten injury. Studies using
the same subjects as controls provide valuable data. Hence, we included
them in our assessment, but identified them as ‘‘observational changes
from baseline in a single group’’ in the Table 6.1 under the study design
column.

None of these six studies selected by Haboubi et al. (2006) found any
significant difference in the serology between the groups consuming oats
and the control groups. However, they observed that two of the six studies
reported significant differences (p < 0.001; p ¼ 0.039) in intraepithelial
lymphocyte counts (IELs) between the oat-consuming and control groups
(Peräaho et al., 2004a; Reunala et al., 1998). Although we concur with the
findings, it is important to note that the purity of oatswasnot tested inone of
the selected publications (Peräaho et al., 2004a). Hence, it is possible that the
differencebetweenoats-challengedandcontrol individualswasdue to cross
contamination. In the other study, Reunala et al. (1998) reported differences
in the expression of gd T cell receptors (p < 0.001) when comparing oat-
consuming tocontrol groups, but thesebiomarkerswereelevatedatbaseline
and improved after the oats challenge. Furthermore, other biomarkers
assessed byReunala et al. did not show a difference between oat-consuming
and control groups. Moreover, an additional study by Kemppainen et al.
(2007) did not find evidence of local immune activation after an oats chal-
lenge using similar immunohistochemical biomarkers.
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The systematic review conducted by Garsed and Scott (2007) included
uncontrolled studies published prior to 1995, their cut-off point was
February 2006, and the data are presented all in one table. Our review
established a starting point of 1995 based on the publication by
Janatuinen et al. (1995) which was the first clinical trial to evaluate the
possible toxicity of oats in a large controlled study. We also segregated
the studies conducted in adults versus children and grouped them as
pivotal and nonpivotal. The rationale for grouping the studies as pivotal
and nonpivotal was that the evidence provided by the pivotal studies (i.e.,
studies that used biopsy results (intestinal/skin) as the key end point
following the oats challenge) contributed more strongly to the overall
weight of evidence. We compared our database with all studies published
after 1995 that were identified byGarsed and Scott (2007) and found thatwe
had selected the same studies.

Garsed and Scott (2007) identified a total of 165 patients in the data-
base as being challenged with oats and having a biopsy as an end point, of
these patients only one individual (1/165) had histological evidences of
intestinal mucosal injury associated to oats exposure. In our review, we
reported a total of 170 adults with celiac disease challenged with oats and
having a biopsy as an end point. Our tabulation includes challenge
studies published after the Garsed and Scott (2007) cut-off point of Febru-
ary 2006 and separated children from the tabulation. Despite these differ-
ences, we identified the same individual as the only subject (1/170) to
have a histological response to the inclusion of oats in a gluten-free diet.
The results and conclusions of the Garsed and Scott (2007) systematic
review are comparable to our review.
C. Biochemistry and taxonomy of oats relevant to its
potential toxicity

The biochemistry and taxonomy of cereals is relevant to their potential
differential toxicity. The proteins in the cereal grains known as ‘‘gluten’’
activate celiac disease. Gluten is a complex mixture of hundreds of related
but distinct proteins. The grains considered capable of producing adverse
effects in individuals with celiac disease include different species of
wheat (e.g., durum, spelt, kamut), barley, rye, and their cross-bred
hybrids (e.g., triticale, which is a cross between wheat and rye)
(Ciclitira et al., 2005; Cornell et al., 2002; Dewar et al., 2006; Howdle,
2006; Koning, 2008; Lester, 2008; Moron et al., 2008; Thompson, 2000,
2001; Troncone et al., 2008a; Vader et al., 2003; Wieser and Koehler, 2008).

Gluten includes two major protein types, the gliadins and glutenins,
both of which contain activating toxic peptides. Gliadins can be subdi-
vided into a/b-gliadins, g-gliadins, and o-gliadins, whereas the glutenins
consist of low molecular weight and high molecular weight glutenins.



260 Olga M. Pulido et al.
Several gluten proteins are involved in the pathogenesis of celiac disease
(Ciclitira et al., 2005) and both prolamins (i.e., gliadins and glutenins) have
been implicated (Londei et al., 2005; Piper et al., 2002; Shan et al., 2005;
Troncone et al., 2008a; Vader et al., 2003; Wieser and Koehler, 2008).
Prolamins are the alcohol-soluble protein fractions in wheat and other
related cereals and are of the most concern to individuals with celiac
disease. Prolamins are typically rich in glutamine and proline making it
resistant to the normal digestive breakdown (Shan et al., 2002; Wieser and
Koehler, 2008). After the digestion of prolamins by gastric, duodenal, and
pancreatic enzymes, a 33-amino acid peptide molecule (33mer) and other
immunogenic peptides remain. It is this nondigested fragment that is
considered the key in eliciting the immune response in susceptible indi-
viduals with celiac disease (Shan et al., 2002).

Wheat, rye, and barley have a common ancestral origin in the grass
family. Oats are more distantly related to the analogous proteins in wheat,
rye, and barley and the oat prolamins (avenin) have substantially lower
proline content. Avenin accounts for 5–15% of the total protein in oats,
whereas in wheat, barley, and rye, prolamins constitute 40–50% of the
total protein (Kilmartin et al., 2006). Some investigators believe that there
are similarities between the protein structure of oats and some wheat-like
sequences, which may indicate that large amounts of oats could poten-
tially be toxic to patients with celiac disease. However, the putative toxic
amino acid sequences are less frequent in avenin than in other prolamins,
which explains the less toxic nature of oats (Arentz-Hansen et al., 2004;
Ellis and Ciclitira, 2001, 2008; Shan et al., 2005; Vader et al., 2002, 2003).

Recent studies have shown that avenins from different varieties of oats
show different levels of toxicity when tested in vitro (Silano et al., 2007a,b).
All the varieties of oats tested (Lampton, Astra, Ava, and Nave) by these
investigators were immunogenic, but some varieties were less immuno-
genic than others. All avenins from various oat cultivars had less activity
than gliadin, but more activity than rice prolamins (Silano et al., 2007a,b).
The authors considered the possibility that contamination could have been
a factor and indicated that the less toxic variety (Lampton oats) was
obtained from an isolated farm where only this crop and buckwheat
(nontoxic to individuals with celiac disease) were grown (Silano et al.,
2007a,b). Overall, the significance of these results needs further clarifica-
tion, as the immunogenic ability of avenins does not necessarily mean that
oats are toxic for patients with celiac disease when added to the gluten-free
diet in moderate amounts. In the in vitro experimental models, the encoun-
ter between prolamins and lymphocytes is abnormal and the testing of only
the alcohol-soluble protein fraction of oats does not reflect the in vivo
situation (Troncone et al., 2008a,b). Factors within oats that may exert a
protective effect against avenin toxicity or interfere with avenin absorption
have not been accounted for in these experimental models. More studies
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are needed to assess the impact of possible differential toxicities of oat
cultivars in the overall safety of oats for individuals with celiac disease.
D. Benefits of the consumption of oats

Avena santiva L. is the traditional oat of choice around the world, and the
agricultural properties of hulless or naked oat seeds have recently been
reviewed in detail (Burrows, 2005). The interest in oats for human con-
sumption has increased in recent years because of their more widely
recognized nutritional and health benefits. The nutrient composition of
oats and its potential health benefits have been the subject of extensive
investigation and recent reviews (Andon and Anderson, 2008; Food And
Drug Administration, 2008; Maki et al., 2007a,b; Mantovani et al., 2008;
Ryan et al., 2007; Sadiq Butt et al., 2008). Oat and its by-products are a good
source of dietary fiber, especially b-glucan, and nutrients, including pro-
teins, minerals, and B complex vitamins. A gluten-free diet can be low in
fiber, and oats will help to provide the much needed fiber and nutrients
(Malandrino et al., 2008; St�rsrud et al., 2003a). Other beneficial effects of
oats include attenuation of postprandial plasma glucose and insulin
responses, increased transport of bile acids toward lower parts of the
intestinal tract, increased excretion of bile acids, and decreased serum
cholesterol levels. The incorporation of oats into a gluten-free diet would
not only improve the nutritional value of the diet but for many also
improve compliance as it increases palatability, and provides a greater
variety of food choices in a restrictive diet ( Janatuinen et al., 2002; Peräaho
et al., 2004a,b) resulting in better health and overall quality of life.
V. CONCLUSIONS

Available scientific data evaluating the introduction of pure oats in the
gluten-free diet of patients with celiac disease and dermatitis herpetifor-
mis indicates that moderate amounts of pure oats are well tolerated by the
majority of these individuals who are either in remission or newly
diagnosed. The term ‘‘pure oats’’ is used to indicate oats uncontaminated
with gluten from other cereal grains, like wheat, barley, and rye, as
detected by current test methods. Based on pivotal clinical trials in the
published literature, the amount of pure oats considered within safe
limits is 50–70 g/day for adults and 20–25 g/day for children.

The benefit of the introduction of oats into a gluten-free diet for adults
and children with celiac disease outweighs the possible risk to the few
individuals with celiac disease who may exhibit intolerance for oats.
However, the previously discussed limitations of the database require
the need for some caution when introducing oats into a gluten-free diet.
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Although the majority of evidence supports the inclusion of oats in a
gluten-free diet, the evidence that some people with celiac disease cannot
tolerate even pure oats requires further investigation and cautious prog-
ress. Individuals with celiac disease or dermatitis herpetiformis interested
in introducing oats to their diet are advised to consult their physician and
dietician. It is also advisable to add oats into a gluten-free diet only when
such a diet is well established, so that any possible adverse reactions can be
readily identified (Rashid et al., 2007). Enhanced education and information
for the consumer with celiac disease, industry, health care providers, reg-
ulators, and public at large are essential for an increased awareness of celiac
disease and dietary management of this increasingly recognized sector of
the population (Lohi et al., 2007). Availability of pure uncontaminated oats
minimizes the risks and maximizes the food choices for individuals with
celiac disease and dermatitis herpetiformis.
VI. APPENDIX I

A. Summary of pivotal in vivo clinical studies testing the safety
of oats in patients with celiac disease or dermatitis
herpetiformis (Table 6.1)

1. Adults

1. Janatuinen et al. (1995) were the first to evaluate the possible toxicity of
oats in a large controlled study in adult patients with celiac disease.
In this randomized trial, which lasted up to 12 months, they compared
the effects of gluten-free diets with and without oats. They studied two
groups of patients: those with previously diagnosed celiac disease who
were in remission and those newly diagnosed. The previously diag-
nosed group was selected based on records of the recovery of the
small-intestinal mucosa while on a gluten-free diet for at least
12 months. For the newly diagnosed, endoscopy with a duodenal
biopsy was performed and the diagnosis of celiac disease was based
on the presence of the subtotal or total villous atrophy of the duodenal
mucosa prior to the introduction of a gluten-free diet. Fifty-two adults
with celiac disease in remission were followed for 6 months and
40 adults with newly diagnosed celiac disease for 12 months. Patients
were randomly assigned according to sex to either the oats or the
control group. The oats group included 26 patients in remission and
19 newly diagnosed. The control group included 26 patients in remis-
sion and 21 newly diagnosed. The controls received a gluten-free diet
containing 0.74 mg of gluten/g of foodstuff. The oat groups supple-
mented the same basic gluten-free diet with 50–70 g/day of oats in the
form of wheat starch flour mixed with an equal amount of oats, muesli-
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containing 60% oats, and rolled-oat breakfast cereal. The authors
neglected to report whether the oats added to the gluten-free diets
were tested for purity. The mean (� SD) intake of oats in the oat
group was 49.9� 14.7 g/day for 6 months among patients in remission
and 46.6� 13.3 g/day for 12 months among newly diagnosed patients.
The oat and control groups did not differ significantly in nutritional
status, symptoms, or laboratory measures. The authors reported that
patients in remission, regardless of diet, did not have a worsening of
the duodenal villous architecture or increased mononuclear cellular
infiltration. All the patients with a new diagnosis were in remission
within 1 year, except for one subject in the control group. The rate of
withdrawal was comparable: six patients in the oat group and five in
the control group withdrew from the study. The investigators con-
cluded that moderate amounts of oats could be included in a gluten-
free diet for most adult patients with celiac disease without adverse
effects. In this study, the basic gluten-free diet consumed by partici-
pants contained 0.74 mg of gluten/g of foodstuff, and although the
oats were not tested for purity, there were no significant differences
between the control and the test group in remission as per the duode-
nal biopsies and clinical findings.

2. Srinivasan et al. have several publications relevant to the safety of oats
in patients with celiac disease (Srinivasan et al., 1996, 1999, 2006).
In 1996, they studied the safety of oats in 10 adult patients with celiac
disease in clinical and histological remission. Each patient consumed
50 g of oats (as porridge) daily for 12 weeks while maintaining a strict
gluten-free diet. The oat cereal used in the study was tested for evi-
dence of gluten contamination using reverse-phase high-performance
liquid chromatography (HPLC), enzyme linked immunosorbent assay
(ELISA), and polymerase chain reaction (PCR) techniques. The oats
were determined to be entirely gluten-free. Details were not provided
as to the levels of detection for these techniques or the cut-off values
used to determine whether the oat samples were considered gluten-
free. The patients were assessed clinically at 0, 1, 4, and 12 weeks.
At each assessment, the following laboratory investigations were per-
formed: full hematological and biochemical profiles and serological
tests for antibodies to gliadin and endomysium. Duodenal biopsies
were obtained before the start of the oats challenge and after the
12-week trial period. All patients complied fully with the study proto-
col. Throughout the oat challenge, all patients remained asymptomatic
with normal hematological and biochemical indices. Endomysial and
gliadin antibody values were unaltered by the oats supplementation
and no morphological damage was evident using a standard histolog-
ical evaluation. Quantitative histological examinations showed no
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significant changes. Subsequently, two patients were given a gluten
‘‘microchallenge’’ consisting of 500 mg of gluten daily for 6 weeks:
both developed histological evidence of relapse and one patient tested
positive by antibody production tests. These investigators further
assessed the toxicity of oats in patients with celiac disease by immuno-
histochemical techniques detecting the presence of lactase enzyme in
the intestinal biopsy. This enzyme is lost in active celiac disease, but
was unaffected by the oats challenge (Srinivasan et al., 1999).

3. Hardman et al. (1997) studied seven men and three women (mean age:
58 years) with biopsy-confirmed dermatitis herpetiformis. The subjects
had followed a strict gluten-free diet for a mean of 15.8 years and had
controlled the rash and enteropathy. The subjects added oats to their
diets for 12 weeks (mean (� SD) daily intake, 62.5 � 10.8 g). The purity
of the oats was tested by ELISA and PCR reaction. Details were not
provided as to the levels of detection of these techniques, or the cut-off
values used to determine whether the oat samples were considered
gluten-free. All patients underwent duodenal and skin biopsies at the
beginning and end of the study. None of the patients reported any
adverse effects. Serologic tests for anti-gliadin, anti-reticulin, and anti-
endomysial antibodies were negative both before and after the trial
period. Villous architecture remained normal after the 12-week period:
the mean (� SE) ratio of the height of villi to the depth of crypts was
3.59 � 0.11 before the diet and 3.71 � 0.09 afterward (normal, 3–5), and
the mean enterocyte heights were 31.36 � 0.58 and 31.75 � 44 mm,
respectively (normal range, 29–34). Duodenal IEL counts all remained
within normal limits (mean, 13.8 � 1.03 per 100 enterocytes before the
diet and 14.2� 1.2 per 100 enterocytes afterward; normal range, 10–30).
Dermal IgA in skin biopsies showed no significant changes.

4. Reunala et al. (1998) conducted an oat challenge study with 11 patients
who had dermatitis herpetiformis. Another 11 patients with dermatitis
herpetiformis were used as a control group. At diagnosis all patients
had skin and duodenal biopsies. All patients were in remission on
gluten-free diets for at least 5.5 years and free of a rash for 14 months.
Test subjects consumed 50 g oats/day for 6 months within an other-
wise gluten-free diet. The oats used in this challenge were free of
gluten contamination as tested by ELISA and PCR. In this study, the
specifications for the amount of gluten allowed to be consumed from
wheat starch flours, was up to 0.3 g protein, equivalent to 50 mg of
gluten per 100 g flour which was in accordance with Codex Alimentar-
ius 118-1981. Clinical symptoms, serum, skin, and small bowel biopsies
were assessed before and after the oat challenge. Eight patients
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challengedwith oats remained asymptomatic, two developed transient
rashes, and one withdrew because of the appearance of a more persis-
tent but mild rash. Three of the 11 controls also developed transient
rashes. IgA endomysial antibodies remained negative in all patients
and the small-intestinal villous architecture remained unaltered after
the oat challenge. The densities of intraepithelial CD3 and ab and gd
T cell receptor positive lymphocytes and crypt epithelial cell DR
expression were assessed by immunohistochemistry. These biomar-
kers are considered to be sensitive indicators of immune response to
gluten. Except for g T cell receptor, these biomarkers were not altered
by oats challenge. The expression of gd T cell receptor showed a
significant difference (p < 0.001) when comparing oat challenged to
controls. However, it should be noted that this biomarker was elevated
at baseline and improved after the oats challenge.

5. Janatuinen et al. (2000) conducted a randomized controlled interven-
tion study over a 6–12-month period with 40 adults who were newly
diagnosed with celiac disease and 52 adults who were in remission.
Patients were randomized by sex into either the oat-consuming or the
control groups. The control groups received gluten-free cereal. The oat-
consuming groups received products supplemented with oats: two
types of gluten-free wheat starch flour including 50% oats, muesli
including 60% oats, and rolled-oat breakfast cereal. Some of the oat
products used in this study were commercially available. The daily
intake of oats was 50–70 g. The purity of the oats was regularly moni-
tored. Gluten was analyzed by a quantitative enzyme immunoassay
using a specific monoclonal antibody to a-gliadin. This antibody
detects all prolamins in wheat and rye, only some of the prolamins in
barley, and none of the prolamins in oats. All oat samples were consid-
ered gluten-free but no specification was provided with regard to the
limit of detection. All patients were evaluated using serum levels of
gliadin and reticulin antibodies. In the intestinal biopsies, the number
of IELs in the intestinal mucosa was examined before and after the
intervention. The rate of disappearance of gliadin and reticulin anti-
bodies did not differ between the diet groups of the patients with
newly diagnosed celiac disease. Oats also had no effect on gliadin or
reticulin antibody levels in the patients who were in remission. The
number of IELs decreased similarly regardless of the diet of newly
diagnosed patients and no increase in the number of IELs was found in
the patients who were in remission and consuming diets with or
without oats. In summary, there were no significant differences
between the clinical symptoms, laboratory measures, and histology
of duodenal biopsies among the test groups who received oats or
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those who did not receive oats. The authors concluded that this study
further strengthens the view that adults with celiac disease can tolerate
moderate amounts of oats.

6. Janatuinen et al. (2002) assessed the safety of the long-term ingestion of
oats in the diet of patients with celiac disease. In a previous study, the
effects of a gluten-free diet and a gluten-free diet including oats were
compared in a randomized trial involving 92 adult patients with celiac
disease (45 in the oats group, 47 in the control group). Oat products
were obtained from commercial sources. The mean amount of oats
added to the gluten-free diet was 34 g/day. The purity of the oats
and the gluten-free products were monitored during the 6–12-month
intervention (Janatuinen et al., 2000). After the initial phase of
6–12 months, patients in the oats group were encouraged to eat oats
freely in conjunction with an otherwise gluten-free diet. However,
there was no systematic monitoring of the purity of these oat supple-
ments. A follow-up was conducted after a 5-year period; there were 23
patients still on an oats diet. Of the original oat-consuming group,
12 subjects dropped out for reasons including uncertainty about safety,
flatulence, and rash. In the control group, 28 patients on a conventional
gluten-free diet were examined. In addition to the clinical and nutritional
assessment, the following parameters were evaluated: duodenal biop-
sies histopathology and histomorphometry, and measurement of anti-
endomysial, antireticulin, and antigliadin antibodies. There were no
significant differences between controls and those patients consuming
oats with respect to duodenal villous architecture, inflammatory cell
infiltration of the duodenal mucosa, or antibody titers after the 5-year
follow-up. The authors reported that in both groups, histological and
histomorphometric indexes improved equally over time. Despite the
high withdrawal rate and the fact that neither the oats nor the gluten-
free products were monitored for gluten, making it impossible to assess
the level of gluten contamination in the diets, 23 out of 35 patients
remained in the study for 5 years and were without signs of disease
relapse as evaluated by clinical symptoms, serology, or histopathology.

7. Lundin et al. (2003) conducted an oat challenge study in 19 adult
patients with celiac disease who were in remission on gluten-free
diets. The gluten-free diets were supplemented with 50 g/day of oats
for 12 weeks. Oat samples were obtained from a single manufacturer
who upheld strict practices to avoid contamination with wheat and
other gluten-containing grains. Twenty-five oat samples from this
manufacturer were analyzed in-house and a reference laboratory ana-
lyzed an additional 120 samples. No contamination was detected in
any of these samples using ELISA and mass spectrometry (MS) with a
limit of detection for gluten contamination reported as 20 ppm. Six oat
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samples were later analyzed by western blot, an ELISA test using a
cocktail of antibodies, and MALDI-TOF MS with a limit of detection
reported as 5 ppm. The level of gluten detected in five of these samples
was estimated to be between <1.5 and 23 ppm and considered nega-
tive for gluten contamination. The sixth sample was considered con-
taminated (>400 ppm by western blot, ELISA, and MS). MS was
unable to determine the source of the contamination due to the large
amount of oat avenins in the sample and the fact that barley and oats
are not distinguishable by MS. An additional sample was analyzed
from the bottom of the same bag of contaminated oats and<1.5 ppm of
gluten was detected. The authors assumed that a single or a few seeds
of barley might have been present in the bag but determined that the
oats used in the study were sufficiently pure and adhered to the
limitations by the revised suggested Codex standard limit of 20 ppm
for natural gluten-free products. All patients were evaluated by
serological testing including IgA antigliadin, antiendomysium, and
anti-tissue transglutaminase antibodies. Endoscopic small-intestinal
biopsies were obtained before and after the oat challenge. Biopsies
were scored using Marsh score and levels of mRNA specific for inter-
feron (IFN) were determined by reverse transcription-PCR analysis.
IFN was tested as a marker for T cell activation. Oats were well
tolerated by most patients but several reported transient abdominal
discomfort and bloating at the beginning of the challenge. This could
have resulted from increased fiber consumption in patients not used to
large intakes of fiber in their diets. One patient withdrew due to
gastrointestinal symptoms and another patient developed partial
villous atrophy and a rash during the first oats challenge. This patient
subsequently improved on an oat-free diet but developed subtotal
villous atrophy and dramatic dermatitis during a second challenge
with oats. There was no evidence of contamination in the oats con-
sumed by the patient exhibiting intolerance. Five of the subjects had
positive levels of IFN-mRNA but no corresponding histological
abnormalities after the challenge. The significance of this finding is
not fully understood but the authors’ suspect that T cell activation
might not be directly responsible for the villous atrophy seen in celiac
disease. The major difference observed in this study is that one of the
patients was intolerant to oats. The authors reported that after the
completion of this challenge study they became aware of other patients
identified as clinically intolerant to oats (dermatitis, abdominal pain,
and general anaphylactoid-like reactions) but not further confirmed by
small-intestinal biopsy. However, none of the subjects were willing to
ingest oats again. Therefore, the authors concluded that despite the
ability of most patients to tolerate the incorporation of oats into their
diets, some individuals might be intolerant to oats.
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8. St�rsrud et al. (2003a,b) studied the effects of adding uncontaminated
rolled oats to the daily diets of 20 adult patients with celiac disease who
were in remission. Although there are two reports, they represent one
main study. The core results are based on the 15 patients who com-
pleted the study. These subjects added oats to their gluten-free diet for
2 years. The median intake of oats was 93 g/day. The oats were free
from wheat, rye, and barley as tested by ELISA that detects gliadin.
This method detects high molecular weight proteins in wheat, rye, and
barley, but not oats (avenin). The method is quantitative with a detec-
tion limit of 20 ppm. The examinations of the subjects were performed
four times during the study period and included endoscopic small-
intestinal biopsies, blood samples (nutritional status, serological anal-
ysis), height and body weight, gastrointestinal symptoms, and dietary
records. Histopathology of duodenal biopsies was assessed at baseline
(n¼ 20), 6 months (n¼ 17) and 2 years (n¼ 14). One patient refused the
biopsy. Villous architecture and inflammatory infiltrate were assessed.
Evidence of partial atrophy and inflammation of the small intestine
was present in some patients at baseline and remained after oats
exposure (n ¼ 3). None of the patients with normal histology deterio-
rated after exposure to oats (n ¼ 11). None of the parameters evaluated
indicated any evidence of reactivation of the disease in response to the
introduction of pure oats into the gluten-free diet after the 2-year trial
period. Five patients withdrew from the study, two due to gastrointes-
tinal symptoms, and the other three for nonmedical reasons. Examina-
tions of the patients after their withdrawal did not reveal any
deterioration in small-intestinal histology, nutritional status, or raised
levels of antibodies. The other report that was based on the subjects
who completed this 2-year trial study focused on the benefits and the
nutritional status of the participants. The mean intakes of iron and
dietary fiber increased (p< 0.001) with the consumption of oats, as well
as the intakes of thiamine and zinc (p < 0.02). Temporary increased
flatulence was also experienced during the first few weeks of consum-
ing oats, as well as improved bowel function. All participants who
completed the study period reported a desire to continue to eat oats
after the study because they found that the addition of oats to the
gluten-free diet gave more variety, better taste, and satiety. The con-
sumption of oats improved the nutritional value of the gluten-free diet,
did not have negative effects on nutritional status and was appreciated
by the subjects. The authors suggested that including oats could help
people improve their compliance to a strict gluten-free diet.

9. Peräaho et al. (2004a) studied 39 patients with celiac disease who
consumed gluten-free diets. Patients were randomized to a gluten-
free diet with 50 g oats/day (23 patients) or without oats (16 patients)
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for 1 year. The purity of the oats used in this study was not specified in
the report. The following parameters were evaluated: quality of life,
gastrointestinal symptoms, small-intestinal histopathology, and serum
endomysial and tissue transglutaminase antibodies. The quality of life
did not differ between the groups, but there were more gastrointestinal
symptoms in the oats-consuming group. Patients consuming oats suf-
fered significantly more often from diarrhea, but there was also a
simultaneous trend toward more severe constipation symptoms.
Three patients on the oats diet dropped out of the study due to gastro-
intestinal symptoms. The villous structure did not differ between the
groups, but the density of IELs was slightly significantly higher in the
oat group. The severity of the gastrointestinal symptoms did not
appear to be dependent on the degree of inflammation. Antibody
levels did not increase during the study period. The authors concluded
that the oat-containing gluten-free diet caused more gastrointestinal
symptoms than the traditional diet. Although the mucosal integrity
was not disturbed, there was more inflammation evident in the oat
group. However, the sources and purity of the oats used in this study
are unknown so it is possible that the gastrointestinal symptoms and
the increased inflammation among the oat-consuming group were due
to gluten contamination from other cereal grains such as wheat, barley,
and rye. Despite the limitations of this study and of the effects
observed in the oat group, the authors suggested that oats can provide
an alternative within a gluten-free diet but that patients should be
aware of the possible effects on the gastrointestinal system. Further-
more, these investigators (Peräaho et al., 2004b) also conducted an
analysis on the effect of oats on symptoms and quality of life in 1000
randomly selected members of their Celiac Society. Altogether, 710
patients responded: 423 (73%) with celiac disease and 70 (55%) with
dermatitis herpetiformis were currently consuming oats. Patients
appreciated the taste, the ease of use, and the low costs; 94% believed
that oats diversified the gluten-free diet; 15% of patients with celiac
disease; and 28% of patients with dermatitis herpetiformis had
stopped eating oats. The most common reasons for avoiding oats
were fear of adverse effects or contamination. The authors suggest
that there is a market demand for oats, and celiac societies and dieti-
cians should make efforts to promote the development of products free
of gluten contamination.

10. Kemppainen et al. (2007) presented additional data from their 5-year
follow-up study on the safety of oats in patients with celiac disease
(Janatuinen et al., 2002). In the present study, they assessed the local
cellular immunological responses using immunohistochemical bio-
markers. Forty-two patients with celiac disease took part in an earlier
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oats intervention study for 6–12 months. Twenty-two of these patients
originally consumed oats as part of their gluten-free diet. During the
5-year follow-up, 10 patients had felt uncertain about the safety of
long-term consumption of oats and gave up this part of their diet.
Finally, 12 of the 22 patients consumed oats for the whole 5-year
period. The control group consisted of the remaining 20 patients
with celiac disease using a strict, conventional, gluten-free diet with-
out oats. Intraepithelial CD3, gd T cell receptors (gd IEL), and ab T cell
receptors (ab IEL) T cells were counted after specific staining of small-
intestinal biopsy specimens. There were no differences in the densities
of CD3, ab IELs, and gd IELs between the oat and the control groups.
This study provides additional evidence that long-term use of oats
included in the gluten-free diets of patients with celiac disease does
not stimulate an immunological response locally in the mucosa of the
small intestine. The high number of dropouts demonstrates the diffi-
culties of conducting long-term studies in patients with celiac disease
as the main reason for giving up was feeling of uncertainty about the
long-term safety of oats. Further studies in this regard will help to
increase patients’ compliance and confidence about the safety of oats.

11. Kemppainen et al. (2008) conducted a randomized clinical trial to
investigate the suitability of large amounts of unkilned oats in com-
parison with kilned oats in adult patients with celiac disease. Kilning
generally processes oats, which in principle may change the antigenic
properties and may be the reason that kilned oats, are tolerated by
patients with celiac disease. The study included 32 patients (19 F,
13 M) who previously consumed oats as part of their gluten-free
diet. Patients were randomized to two groups: group A was started
on kilned oats and group B on unkilned oats. After 6 months, the
patients changed the treatment groups. Patients had followed a
gluten-free diet for 8.3 years and had used oats for approximately
5 years. The purity of the oats was controlled during the 12-month
follow-up. Electrophoresis, immunoblotting of the prolamins, and the
total protein extracts of the oat product samples by polyclonal anti-
gliadin antibody did not show any contaminants. At the end of the
study no marked differences were reported in the histopathology of
small-intestinal biopsies between the two groups using either
unkilned or kilned oats. At baseline, 10 patients had partial villous
atrophy and 9 had mild mucosal inflammation. Biopsies from the
remaining patients were interpreted as normal. In both groups, duo-
denal villous architecture and mucosal inflammation did not worsen,
but rather improved during the first 6 months exposure to oats.
At 12 months, five patients had partial villous atrophy and four had
mild inflammation. All patients had negative endomysial antibodies,
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at the beginning and during the follow-up. Only 1 woman out of 32
subjects withdrew from the study because of abdominal symptoms
after 1 week. After 6 months, another female patient withdrew
because of pregnancy. The authors concluded that the inclusion of
large amounts of either kilned or unkilned oats in the diet did not
cause a worsening of the healed duodenal mucosa, an increase in
normalized antibody levels or symptoms, or affect the general well-
being of the celiac patients in remission indicating that the kilning of
oats by food processing is not a prerequisite for oats to be tolerated.
2. Children

1. Hoffenberg et al. (2000) conducted a self-controlled, open-label,
6-month trial of the consumption of a commercial oat breakfast cereal
among children newly diagnosed with celiac disease. The children
were placed on a gluten-free diet plus commercially available oats.
Over 6.6 � 0.7 months, they consumed 24 g oat cereal/day, or 1.2 �
0.9 g/kg/day. The gliadin contamination of the oat cereal used in this
study was tested by an ELISA, which detects gliadin. This method was
chosen because it detects high molecular weight proteins in wheat, rye,
and barley, but not oats avenin. The samples were considered negative
at a level of <0.01% (100 ppm). The 10 children who completed the
study were 6.8 � 4.0 (mean � SD) years of age. The children who are
included in the study had at least one sign or symptom suggestive of
celiac disease at the beginning of the study. Patients were evaluated
clinically, including small bowel histology and anti-tissue transgluta-
minase IgA antibody titer. Compared with the start of the study, there
was a significant decrease in biopsy score (p < 0.01), IELs (p < 0.005),
anti-tissue transglutaminase IgA antibody titer (p < 0.01), and number
of symptoms (p < 0.01) at the completion of the study. This study
was limited because the children were newly diagnosed and the
families were still learning how to manage a gluten-free diet so hidden
sources of gluten may still have been present in the diet. However, the
overall results showed improvement with the test diet.

2. Högberg et al. (2004) reported the results from a double blindmulticen-
ter study, which included 116 children with newly diagnosed celiac
disease. Children were randomized into two groups, 59 received a
gluten-free diet and 57 received a gluten-free diet plus oats. The study
period was 1 year. The oats used in the study were specially grown,
milled, andpackaged to avoid contaminationwithwheat, rye, or barley.
The oat products were tested by an ELISA assay to ensure absence of
gluten contamination. The daily oat intakewas 25–50 g. Small-intestinal
biopsies were performed at the beginning and end of the study. Serum
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IgA antigliadin, antiendomysium, and anti-tissue transglutaminase
antibodies were monitored at 0, 3, 6, and 12 months. Ninety-three
patients completed the study, 42 on gluten-free diet plus oats, and
50 gluten-free diet controls. The remaining subjects withdrew from the
study, 15 in the oats group and 7 in the standard gluten-free diet and a
majority of these children were from the youngest age groups in the
study. However, all patients were in clinical remission after the study
period and there were no significant differences between control and
test groups for all of the above-noted parameters. It should be noted that
avenin antibodies were also tested in the same group of patients and
were reported separately by Hollén et al. (2006a,b).

3. Hollén et al. (2006a) reported the results from the serology tests in the
double blind study described above (Högberg et al., 2004). The focus of
the study was to evaluate the antibodies to oat prolamins (avenins). Sera
were obtained from the study participants. IgA and IgG antiavenin
antibodies were monitored at 0, 3, 6, and 12 months. Nitric oxide meta-
bolites were measured in seven patients with deviating antibody results.
There was a significant decrease in antiavenin antibodies in both groups
(standard gluten-free diet and gluten-free diet plus oats) at the end of the
study as compared to the beginning of the study (p < 0.001) but no
difference was found between the two groups, suggesting that oats was
not producing a humoral immune reaction. IgA titers declined after 3
months. IgG titers, although significantly decreased, remained high in
the majority of patients in both groups. Nitric oxide levels were high in
four of the analyzed samples. The authors indicated that this study does
not exclude the possibility that some patients with celiac disease are
susceptible to oats based on the sero-positive results and evidence of
high levels of nitric oxide metabolites in some subjects.

4. Hollén et al. (2006b) reported the results from the urinalysis test in the
double blind study described above (Högberg et al., 2004). Urine sam-
ples were collected from 87 children and urinary nitrite/nitrate con-
centrations were monitored at 0, 3, 6, 9, and 12 months. There was a
rapid decline in urinary nitrite/nitrate concentrations in both groups as
early as 3 months. No differences were seen between the study groups
at any of the checkpoints. However, at the end of the study, the nitrite/
nitrate values of nine children in the gluten-free diet including oats group
and eight children in the standard gluten-free diet group hadnot normal-
ized. Childrenwith celiac disease on a gluten-free dietwith oats display a
similar reduction in urinary nitrite/nitrate as those on a traditional
gluten-free diet. Some children, however, still demonstrate high nitrite/
nitrate excretion after 1 year on either diet, indicating that long-term
follow-up studies of children on an oats-containing diet are needed.
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5. Holm et al. (2006) conducted a 2-year controlled clinical trial. A total of
36 children who were over 7 years of age and were either previously
diagnosed or had newly detected celiac disease were recruited for this
study. Of these children, 32 consented and 4 refused because they
found the protocol too laborious. In all patients, the diagnosis of celiac
disease was based on the presence of small-intestinal mucosal severe,
partial, or subtotal villous atrophy with crypt hyperplasia, and initially
all had been serum endomysial antibody (EMA) positive. Twenty-
three out of the 32 children were previously diagnosed with celiac
disease and had been treated with a conventional strict gluten-free
diet (avoiding wheat, rye, barley, and oats) for at least 2 years before
they were included in the study. All children exhibited disease remis-
sion. These 23 patients were randomized either to undergo an open oat
challenge or a gluten challenge which allowed the consumption of
wheat, rye, and barley in addition to oats. The intake of oats was
50 g/day and patients in the gluten-challenge group ingested 20 g
gluten/day. The purity of the oats (gluten-free) was confirmed by
ELISA and PCR. In addition to the patients in remission, nine newly
diagnosed children with celiac disease were included in the trial con-
suming a comparable gluten-free diet including oats. In all patients the
following parameters were assessed: small-intestinal mucosal mor-
phology, IELs, human leukocyte antigen D-related (HLA-DR) expres-
sion, and celiac serology. During the first 2 years on an oat-containing
diet, clinical, nutritional, and serological assessments were carried out
at 0, 1, 3, 6, 12, 18, and 24 months. Small bowel mucosal biopsies were
evaluated at baseline and after 6 and 24 months. If the small bowel
mucosal biopsy confirmed a relapse among the gluten-challenge
group, the patients reverted to a gluten-free diet (avoiding wheat,
rye, and barley) including the consumption of oats. Follow-up exam-
inations of the gluten-challenge group were carried out similarly to the
oats group until small bowel mucosal histological relapse was evident.
After the relapse and commencement of an oat-containing gluten-free
diet, examinations continued to be carried out in the sameway as in the
oats-challenge group. After the 2-year trial, patients continued to sup-
plement their diets with commercially available oat products. The
purity of these products was previously analyzed: 29 out of 30 tested
samples had gliadin levels below 28 mg/kg (¼ 28 ppm) and only one
was clearly wheat contaminated in excess of 200 ppm gluten. Follow-
up visits after the 2-year trial included nutritional and serological
assessments once a year or every other year for 7 years. In the long-
term follow-up, small-intestinal biopsies were considered only if the
patient’s clinical condition or serology implied a relapse of the disease.
The authors reported that oats had no detrimental effect on intestinal
histology or serology of the children with celiac disease who were
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in remission, during the 2-year trial. In contrast, the gluten-challenge
group relapsed after 3–12 months. Complete recovery from the disease
was accomplished in all patients on gluten-free diet plus oats. After
the 2-year trial, 86% of the children preferred to continue to consume
oats and they all remained in remission for the duration of the 7-year
follow-up. This study permitted higher levels of oat ingestion (median
43 g/day and up to 81 g/day) than other studies conducted in children
(median 15–24 g/day). The trial was conducted for 2 years and
patients on the gluten-free diet plus oats were followed-up clinically
for 7 years thereafter. The authors concluded that uncontaminated oats
could be safely included in a gluten-free diet in the majority of children
suffering from celiac disease. In their view, oats diversifies the gluten-
free diet and children preferred it in their diet.
B. Summary of nonpivotal studies testing the effect of oats in
patients with celiac disease by in vitro methods or serology
(Table 6.2)

1. In vitro—duodenal mucosal cultures

1. This study was a continuation of the previous study (Srinivasan et al.,
1996). Duodenal biopsies from 26 patients were stained for lactase
expression using an indirect immunoperoxidase method. Eleven dis-
ease control patients had normal architecture and nine had features of
active celiac disease. Ten patients, who had celiac disease in clinical
and histological remission, underwent oats challenge for 12 weeks.
Confluent expression of lactase was observed in the 11 control patients
with normal histology, whereas staining was absent in the nine
patients with active celiac disease. All 10 patients with treated celiac
disease had normal lactase expression after exposure to oats. The
preservation of lactase enzyme after oats challenge further supports
their previous findings of lack of oats toxicity.

2. Picarelli et al. (2001) used an in vitro model to test whether oats induce
endomysial antibody production in the supernatant fluid of cultured
duodenal mucosal specimens which were collected from 13 treated
patients with celiac disease. The biopsy specimens were cultured with
and without a peptic-tryptic digest (PT) of gliadin and avenin (from
oats) and in medium alone. Samples from 5 of the 13 patients were
cultured with the C fraction of PT-avenin. Indirect immunofluores-
cence was used to detect EMAs. These antibodies were detected in
specimens from all 13 patients after the challenge with gliadin but not
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after culture in medium alone or with PT-avenin or its C fraction. The
authors concluded that PT-avenin and its C fraction did not induce
EMAs in patients with celiac disease.

3. Kilmartin et al. (2003) investigated the immunogenicity of avenin using
cytokines IFN-gamma (IFN-g) and interleukin (IL)-2 as markers of
immunological activity. In this study, duodenal biopsies from patients
with celiac disease were cultured with 5 mg/ml of PT gliadin (n¼ 9) or
5 mg/ml of PT-avenin (n ¼ 8) for 4 h. These biopsies were compared
against control biopsies cultured with the medium alone and biopsies
from nonceliac patients cultured with PT gliadin (n ¼ 8) or avenin
(n ¼ 8). Cytokine mRNA was quantified by TaqMan PCR. Secreted
cytokine protein was measured in the culture supernatant by ELISA.
The authors found that after culture with PT gliadin, an increase in
IFN-g mRNA was observed in all nine patients with celiac disease.
Increased IFN-g protein was also found in four of these patients and
smaller increases in IL-2 mRNA were detected in six of the subjects
with celiac disease with a corresponding increase of IL-2 protein found
in two of these patients. In contrast, the biopsies of patients with celiac
disease cultured with PT-avenin did not show a significant response of
IFN-g or IL-2. Similarly, the biopsies from normal controls did not
respond to either gliadin or avenin stimulation. The authors suggest
that the immunogenic sequences in gliadin are not present in avenin.
This suggestion supports the results of in vivo studies reporting that
oats are safe for consumption by patients with celiac disease.

4. Arentz-Hansen et al. (2004) conducted an in vitro study using intestinal
T cell lines. The study included nine adults with celiac disease who had
a history of oats exposure. The oats were derived from a quality control
production line and were shown to be free of contamination from other
cereals. The selection of the study participants was not random. Five of
the patients had also participated in a clinical challenge study consist-
ing of 19 adults with celiac disease who ate 50 g of oats for 12 weeks
(Lundin et al., 2003). Four of the patients had clinical symptoms on an
oat-containing diet and three of these four patients had intestinal
inflammation typical of celiac disease at the time of oats exposure.
The investigators established oats avenin-specific and -reactive intesti-
nal T cell lines from these three patients, as well as from two other
patients who appeared to tolerate oats. The avenin-reactive T cell lines
recognized avenin peptides in the context of HLA-DQ2. These pep-
tides have sequences rich in proline and glutamine residues closely
resembling wheat gluten epitopes. The authors concluded that some
patients with celiac disease have avenin-reactive mucosal T cells that
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can cause mucosal inflammation. The authors point out that the T cell
response to the avenin epitopes were found in T cell lines derived from
intestinal biopsies of patients with celiac disease that were stimulated
with gliadin (Vader et al., 2003). It is unknown whether any of the
patients from whom these T cells were isolated had clinical symptoms
or mucosal inflammation related to ingestion of oats. The authors
suggest that it will only be possible to establish the frequency of
intolerance and possible complications with extended clinical follow-
up of patients with celiac disease consuming oats. The authors indicate
that their observations demonstrate that even if oats seem to be well
tolerated by many patients with celiac disease, there are patients who
have intestinal T cell responses to oats. They suggest that until the
prevalence of oats intolerance in patients with celiac disease is well
established, clinical follow-ups of patients eating oats is advisable.

5. Srinivasan et al. (2006) evaluated the response of the small intestine to
oats by assessing the activation of the gastrointestinal immune sys-
tem. This study involved 10 adults who ingested 50 g of oats daily in
conjunction with an otherwise gluten-free diet for a 12-week period
(Srinivasan et al., 1996). The oat cereal used in this study was reported
to be entirely free of contamination as tested by various methodolo-
gies, including reverse-phase HPLC, ELISA, and PCR. Patient com-
pliance, clinical symptoms, and serology (IgG antigliadin and IgA
anti-endomysial antibodies) were monitored throughout the study
period. Duodenal biopsies were obtained by endoscope at the begin-
ning and end of the study. After the 12-week trial, four of the patients
were challenged with 500 mg gluten/day and another two patients
with 10 g gluten/day for a period of 6 weeks. Duodenal biopsies
obtained before and after the inclusion of oats in the diet were stained
with a series of antibodies directed against the following molecules:
HLA-DR, Ki67, CD25, and CD54 (intercellular adhesion molecule 1
(ICAM-1)) and mast cell tryptase. These detailed immunohistological
studies of the biopsies did not reveal evidence of immune activation
or morphological damage following the consumption of oats. On the
other hand, all patients challenged with gluten (500 mg or 10 g/day)
showed evidence of reactivation of the disease with various degrees
of gastrointestinal symptoms, serological responses, and evidence of
morphological changes in the duodenal biopsy. The authors con-
cluded that under these trial conditions, the ingestion of oats did
not show evidence of immunogenic or toxic effects on the duodenal
mucosa of individuals with celiac disease and supported the view-
point that oats is well tolerated by the majority of patients with celiac
disease.
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6. Kilmartin et al. (2006) conducted investigations on the etiological role
of the wheat-related cereals, barley, rye, and oats, by examining the
immune response of gliadin-reactive mucosal T cell lines from patients
with celiac disease to fractions from all four cereals. The oats used in
this study were free from wheat contamination. Cell stimulation was
determined by measuring proliferation (employing 3H-thymidine
incorporation) or cytokine (IL-2, IFN-g) production. All five T cell
lines demonstrated immunoreactivity to protein fractions from the
four related cereals. In some cell lines, reactivity to wheat, barley,
and rye was evident only when these cereal fractions had been pre-
treated with tissue transglutaminase. The authors concluded that this
study confirms the similar T cell antigenic reactivity of these four
related cereals, which has implications for their exclusion from
gluten-free diets. However, they also indicated that despite oat stimu-
lation of T cell lines, this cereal does not activate a mucosal lesion in
most patients with celiac disease. The authors indicate that in this
study, even when 5 mg/ml of avenin was added to the biopsy culture,
there was no evidence of cytokine production. An equivalent amount
of gliadin activated the celiac mucosa. Because avenin accounts for
only 5–15% of the total protein in oats (whereas wheat, barley, and rye
prolamins constitute 40–50%), it has been suggested by other investi-
gators that large amounts of oats still may be toxic to patients with
celiac disease. The authors argued against this and demonstrate that
purified avenin is not immunogenic to the intestinal mucosa of patients
with celiac disease. The authors noted from their results that the
immunogenic sequences of gliadin were not present in avenin, which
further supports the conclusion that oats are safe for consumption by
patients with celiac disease.
2. In vitro—other

1. Silano et al. (2007a,b) investigated the immunogenic effect of avenins
from four different cultivars of oats (Lampton from Australia, and
Astra, Ava, and Nave from Italy), using peripheral lymphocytes from
10 children with celiac disease. Results were compared with the immu-
nogenic response induced by wheat gliadin and rice prolamins. Lym-
phocyte proliferation and IFN-g release in the culture medium were
measured as indices of immune activation. The authors report that all
the varieties of oats tested were immunogenic, with Lampton and Ava
avenins inducing lymphocyte activation similar to that activated by
wheat gliadin, while Astra and Nave avenins showed less immunoge-
nicity, but still with a measurable effect. Sliano et al. (2007a) had
previously tested some of these oat cultivars using an in vitro model
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based on the ability of PT digests of celiac-active proteins to agglutinate
K562 cells and to disrupt lysosomes, respectively. As discussed in
these publications, the significance of these results to patients with
celiac disease needs further clarification. The authors further indicate
that the immunogenic ability of avenins does not necessarily mean that
the oat-containing foods are toxic for patients with celiac disease
and that in fact, in these experimental models, the gliadin encounter
with lymphocytes is abnormal and only the alcohol-soluble protein
fraction of oats has been tested. Therefore, the study cannot rule out
that factors exerting a protective effect against avenin toxicity or inter-
fering with avenin absorption have not been tested. The authors con-
clude that until there is more evidence to show the safety of oats and
varieties of low-toxicity oats, patients with celiac disease consuming
oats-containing foods should be carefully monitored.
3. Serology

1. In a study byGuttormsen et al. (2008) serumwas collected from 136 adult
patients with treated celiac disease and 139 controls. Patients were
recruited from the Norwegian Celiac Disease Association and had a
definite diagnosis of celiac disease, which was confirmed by small-
intestinal biopsy. The study participants had been eating a strict
gluten-free diet for at least 2 years. Eighty-two of the patients with celiac
disease had been consuming oats as part of their gluten-free diet for
6 months or more. The participants with celiac disease completed a
questionnaire that focused on: diagnosis, dietary habits, and clinical
symptoms. Patients with celiac disease, who were eating oats, registered
their intake of oats during a 3-week period. Patients were instructed to
consume only ecologically grown oats specifically produced for patients
with celiac disease. Otherwise there is no report of testing of the purity of
oats. In addition to the questionnaire, IgA against oats avenin, wheat
gliadin, and tissue transglutaminase were tested with ELISA. The
authors report that no significant differences were found in IgA against
oats in oats-eating and nonoats-eating patients with celiac disease. Both
groups had increased levels of IgA against wheat, oats, and tissue
transglutaminase compared to healthy controls. A significant positive
correlation was found between antiavenin and antigliadin IgA
(p < 0.0001), and between antiavenin and anti-tissue transglutaminase
IgA (p ¼ 0.0012). The authors conclude that ingestion of oats does not
cause increased levels of IgA against oats in adult patients with celiac
disease on a gluten-free diet. The findings support the notion that most
adult patients with celiac disease can tolerate oats.
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C. Other studies relevant to the effect of oats in patients with
celiac disease

1. Peräaho et al. (2004b) conducted a retrospective evaluation beginning
in 1997, on the consumption of oats within a gluten-free diet by
patients with celiac disease and dermatitis herpetiformis in Finland.
The use of oats, the effect of oats on symptoms of the illness, and
quality of life were investigated in 1000 randomly selected members
of the Finnish Celiac Society. Altogether, 710 patients responded to the
questionnaire: 423 (73%) with celiac disease and 70 (55%) with derma-
titis herpetiformis were currently consuming oats in their diets.
Patients reported appreciating the taste, the ease of use, and the low
cost of oats. Of the respondents, 94% believed that oats diversified the
gluten-free diet. However, 15% of the patients with celiac disease and
28% of the patients with dermatitis herpetiformis reported that they
had stopped eating oats. The most common reasons for avoiding oats
were fear of adverse effects or contamination.
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