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ORIGINAL ARTICLE

Type 1 diabetes, thyroid, gastric and adrenal humoral autoantibodies are
present altogether in almost one third of adult celiac patients at diagnosis, with
a higher frequency than children and adolescent celiac patients

Claudio Tibertia , Francesca Panimollea , Raffaele Borghinib, Monica Montuoric, Chiara Maria Trovatoc,
Tiziana Filardia, Andrea Lenzia and Antonio Picarellib

aDepartment of Experimental Medicine, “Sapienza” University of Rome, Rome, Italy; bDepartment of Internal Medicine and Clinical
Specialties, “Sapienza” University of Rome, Rome, Italy; cDepartment of Pediatrics, Pediatric Gastroenterology and Liver Unit, “Sapienza”
University of Rome, Rome, Italy

ABSTRACT
Background: No data are available on the frequency of organ-specific humoral autoimmunity at
diagnosis of adult celiac disease (CD).
Aim: To evaluate the humoral immunoreactivities specific of type 1 diabetes (T1D), thyroid (THD),
atrophic-gastritis (AG) and Addison’s (AD) diseases in 92 adult CD patients at diagnosis and 237 adult
healthy subjects (CTRL).
Methods: T1D, THD and AD specific autoantibodies were analyzed by radioimmunoprecipitation
assays. AG autoantibodies were detected by enzyme-linked immunosorbent assay.
Results: Of 92CD patients, 31.5% were positive for at least one of the organ-specific autoantibodies
investigated (p< .0001 vs CTRL). Thyroid, diabetes, gastric and adrenal-autoantibodies, that increase
with age at diagnosis, were detected in 12.0%, 10.9%, 10.9%, 2.2% of CD patients, respectively.
Gastric- and diabetes- rather than thyroid- and adrenal-autoimmunity seem to be specifically related
to presence of CD.
Conclusions: One third of adult CD patients at diagnosis is target of at least one organ-specific auto-
antibody. A systematic organ-specific autoantibody screening in these patients might be of value to
promptly identify, prevent or treat the relative diseases.
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Introduction

Organ-specific autoimmune disorders are often associated
with celiac disease (CD), a chronic, systemic, gluten-dependent
autoimmune disease that occurs in genetically susceptible indi-
viduals [1,2]. The association between CD and other auto-
immune diseases has been widely discussed and can be
explained by the sharing of a common genetic susceptibility,
similar environmental triggers and the loss of intestinal barrier
[2,3]. As it is well known [4], the presence of organ-specific
autoantibodies in the serum of CD patients may be a red flag
for the presence of an organ-specific disease or of an ongoing
autoimmune process that can lead to the development of the
disease [3,5–7]. To date, few data are available on the real fre-
quency and co-occurrence of the organ-specific humoral auto-
immune markers in CD patients at diagnosis. To our best
knowledge, only one study analyzed more than 20CD patients
at diagnosis [8], whereas several others studies investigated CD
patients after institution of a gluten-free diet [9–19]. The organ-
specific humoral autoimmune markers investigated in these
studies were mainly related to type 1 diabetes [8–11] and auto-
immune thyroid disease [12–16], rarely to autoimmune atrophic
gastritis [17–18] and Addison’s disease [11]. Recently, partially
filling this void, we analyzed the humoral immunoreactivity

specific to type 1 diabetes, autoimmune thyroid disease,
Addison’s disease and autoimmune atrophic gastritis in a large
cohort of 529 biopsy-confirmed CD children and adolescents
sera at diagnosis [19]. We found that 11.7% of the studied
patients were positive for at least one of the antibodies investi-
gated. To date, no data are available on the real frequency and
co-occurrence of these organ-specific humoral autoimmune
markers in adult CD patients at diagnosis. In this regard, this
study aimed to retrospectively evaluate, in a cohort of 92 adult
CD patients at disease diagnosis, the humoral immunoreactivity
specific of type 1 diabetes, autoimmune thyroid disease, auto-
immune atrophic gastritis and Addison’s disease. The results
found in adult CD patients were compared to those obtained
in a large cohort of adult healthy control subjects.

Methods

Patients

A total of 92 adult celiac patient sera at disease diagnosis
(69 females, 23 males; age range 18–50 years, median age
34.5 years) collected between 2010 and 2018 at the
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at the Department of Pediatrics, “Sapienza” University of
Rome, were analyzed. At the moment of the sera collection
all the CD patients recruited in the study were on a gluten-
containing diet. A total of 68 (73.9%) CD patients presented
symptoms of disease at diagnosis, including both gastro-
intestinal and extraintestinal manifestations, whereas 24
(26.1%) patients were asymptomatic (2 subjects identified by
serological screening and 22 first degree CD relatives). All
the subjects enrolled in the study were screened and found
positive for presence of IgA-anti-transglutaminase antibodies
(IgA-tTgAb) and underwent intestinal biopsies to confirm CD
diagnosis. Exclusion criteria were potential CD and previous
diagnosis of one or more of the four organ-specific disease
investigated. Data from CD patients were compared to data
from 237 adult healthy subjects (CTRL) (125 females, 122
males; age range 18.9–75.0 years, median age 40.6 years) col-
lected between 2010 and 2018 at Department of
Experimental Medicine, “Sapienza” University of Rome. The
study was approved by the Ethical Committee of “Sapienza”
University of Rome.

Autoantibody detection

Celiac-specific autoimmunity: Serum IgA-tTgAb were detected
by a fluid-phase radioimmunoprecipitation method reported
to be the most sensitive (93%) and specific assay (100%) in
the First International Transglutaminase Autoantibody
Workshop for celiac disease [20–21].

Type 1 diabetes-specific autoimmunity: in order to simplify,
speed up and considerably reduce the costs of screening for
diabetes-associated humoral autoimmunity, the immune
response directed against four pancreatic islet proteins spe-
cific to autoimmune diabetes [insulin (Ins), glutamic acid
decarboxylase (GAD), tyrosine phosphatase 2(605-979) (IA-
2ic(605-979)), and islet beta-cell zinc cation efflux transporter
(ZnT8)] was measured by using a single combined fluid-
phase radioimmunoprecipitation assay based on the detec-
tion of the four autoantibodies in an individual assay (MAA)
[22]. MAA showed 92% sensitivity and 99% specificity in the
Diabetes Antibody Standardization Program (DASP) [23]. Only
MAA-positive sera were subsequently tested in single assays
to determine individual diabetes-specific humoral immunor-
eactivities. As previously reported [22], the MAA method pro-
vides direct specific information on the presence of serum
InsAb, whereas GAD-, IA-2(605-979)- and ZnT8-Abs were
detected by well-established radioimmunological fluid-phase
methods [24–26].

Thyroid-specific autoimmunity: thyroid peroxidase autoanti-
bodies (TPOAb) were measured by using a commercially
available RIA kit (Zentech, Belgium).

Gastric-specific autoimmunity: autoantibodies against the
parietal cells (APCAb) specific for autoimmune chronic atro-
phic gastritis were measured by a commercially available
ELISA kit (Axa Diagnostics, Italy).

Adrenal-specific autoimmunity: autoantibodies against the
enzyme steroid 21-hydroxylase (21-OHAb) were measured by a
RIA fluid-phase method using a human recombinant 21-OH
provided by Dr Alberto Falorni (University of Perugia, Perugia,

Italy). The 21-OHAb assay achieved 94% sensitivity and 100%
specificity at the first international serum exchange for the
determination of 21-hydroxylase antibodies [27].

Statistics

SAS 9.3 software was used for statistical analysis. Data were
expressed as frequencies or as mean± standard deviation or
median values. Autoantibody index mean values between
two groups were compared by Mann–Whitney test.
Frequency differences were compared by using the chi-
squared test (with Yates continuity correction) or Fisher’s
exact test when appropriate. The Cochran–Armitage test was
used to test for trend between the frequencies.

Results

Autoantibody detection

Celiac-specific autoimmunity: serum IgA-tTgAbs were positive
in all the 92 adult CD patients at disease diagnosis, whereas
none of the 237 CTRL was positive for celiac-specific
immunoreactivity.

Overall organ-specific immunoreactivity Of 92 adult CD
patient, 29 (31.5%) were positive for at least one of the
organ-specific antibodies investigated, significantly more fre-
quently than healthy control patients (CTRL 21/237, 8.9%,
p< .0001). The distribution of autoantibody frequencies in
CD patients and CTRL subjects is reported in Figure 1. Of the
29 adult CD patients positive for at least one investigated
autoantibody, 18 (62.1%) did not present clinical signs of the
related disease. Twenty-five out of 29 autoantibody-positive
CD patients (86.2%) were positive for only one organ-specific
autoantibody, whereas the remaining four CD patients were
positive for two autoantibodies (in 2 cases for APCAb/
TPOAbs, in one case for APCAb/21(OH)Abs and 21(OH)Abs/
GADAbs). No statistically significant difference was found
between the prevalence of type 1 diabetes, thyroid and adrenal
antibodies, but the latter are less frequent than the first two.
Thyroid-specific antibodies were significantly more frequent in
CTRL subjects compared to the other organ-specific antibodies
investigated. In spite of the organ-specific autoantibodies being
more frequent in females, this difference is not significant in
our cohort (27.2% vs 17.4% males). Similarly, the overall fre-
quency of organ-specific autoimmunity in CD symptomatic/
asymptomatic patients was not significantly different (19/68,
27.9% vs 10/24, 41.7%). IgA-anti-transglutaminase mean auto-
antibody titers of the 29 organ-specific autoantibody positive
CD patients were not significantly different from those of the
63 autoantibody negative CD patients (Autoantibody indexes
0.582±0.355 vs 0.541±0.388).

Thyroid-specific autoimmunity: Eleven of 92CD patients at
diagnosis (12.0%) were positive for TPOAb, with no significant
difference compared to CTRL subjects (24/237, 10.1%) (Figure 1).
TPOAbs were the organ-specific autoantibodies found most fre-
quently in adult CD patients, significantly more present com-
pared to adrenal antibodies (p¼ .018), but not with respect to
type 1 diabetes and parietal cell antibodies.
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Type 1 diabetes-specific autoimmunity: Ten of 92 CD
patients (10.9%) were MAA-positive, with a significantly
higher frequency relative to CTRLs (4/237, 1.7%, p¼ .001)
(Figure 1). These 10 MAA-positive sera were subsequently
tested in single assays to determine individual diabetes-spe-
cific humoral immunoreactivities. All the sera had autoanti-
bodies directed against one single autoantigen. In particular,
8/10 (80.0%) adult CD patient sera were GADAb positive,
with a significantly higher frequency compared to IA-2 (1/10,
10.0%, p¼ 0.005), ZnT8 (1/10, 10.0%, p¼ .005) and insulin
autoantibodies (0/10, 0%, p¼ .001).

Gastric-specific autoimmunity: Of 92 adult CD patients, 10
(10.9%) were positive for APCAb, in percentages significantly
higher compared to CTRLs (3/237, 1.3%, p¼ .001) (Figure 1).

Adrenal-specific autoimmunity: Two of 92 adult CD patients
at diagnosis (2.2%) were positive for 21-OHAb, with no sig-
nificant difference compared to CTRLs (0/237, 0%) (Figure 1).

CD organ-specific autoimmunity and age: Figure 2 shows
the impact of age at diagnosis on organ-specific autoanti-
body frequency detected in adult CD as well CTRLs.
Stratifying the CD and the CTRL subjects in two groups
according to median age, we found that the frequency of
organ-specific autoantibodies increased, though not signifi-
cantly, in CD patients with age >34–50 years (34.8%) com-
pared to younger patients (>18–34 years): 13/46 (28.3%).
Both groups of adult CD patients showed a significantly
higher autoantibody frequency compared to the relative age
range groups of CTRL subjects (p< .001 and p¼ .002,
respectively).

Discussion

Recent literature reports only one study aimed to evaluate
the organ-specific autoimmunity at CD diagnosis [19]. This

10

20

30

% Ab+

29/92 21/237
(31.5%) (8.9%)

celiac disease pa�ents (n=92)

healthy subjects (n=237)

10/92 4/237
(10.9 %) (1.7 %)

2/92 0/237
(2.2 %) (0 %)

11/92 24/237
(12.0 %) (10.1 %)

10/92 3/237
(10.9 %) (1.3 %)

2

4

10

% Ab+

Percentage of celiac pa�ents posi�ve for at least one organ-specific autoan�body

Type 1 diabetes Abs Thyroid Abs Gastric Abs Adrenal Abs

p < 0.0001

6

8

p < 0.001 p < 0.001

p = 0.033

p = 0.018

*

* Thyroid Abs in healthy subjects: p≤ 0.0001 vs other Abs

p = 0.033

Figure 1. The upper part of the figure shows the frequency of celiac patients and healthy subjects positive for at least one of the organ-specific autoantibodies
investigated in the study. The lower part of the figure shows the frequency distribution of the organ-specific autoantibody-positive celiac patients and healthy sub-
jects according to each single disease.
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study was performed in our laboratory and aimed to analyze
a large cohort of CD children and adolescents. With the aim
of evaluating the frequency and co-occurrence of humoral
organ-specific autoimmunity in adult CD patients as well, we
analyzed type 1 diabetes, autoimmune atrophic gastritis,
autoimmune thyroid and Addison’s disease humoral immu-
noreactivities in 92 adult patients at CD diagnosis. We found
that almost one third of the adult CD patients were positive
for at least one of the organ-specific autoantibodies investi-
gated, with a significantly higher frequency compared to
healthy controls. This frequency seems to be compatible
with demographic and medical history data collected in a
recent report [28] where 24.4% of CD patients were reported
to have hypothyroidism, type 1 diabetes, autoimmune gastri-
tis or Addison’s disease. Of note, at CD diagnosis in adults
we detected immunoreactivities specific of each of the four
organ-specific diseases investigated. This result demonstrates
the importance of screening at CD diagnosis for other auto-
immune markers specific of each single disease included in
the present study. We also found that only 4 (13.8%) adult
CD patients were positive for more than one organ-specific
disease in addition to CD. Interestingly, 3 out of 4 of these
patients were positive for gastric parietal cell antibodies. A
relevant percentage (65.8%) of adult CD patients at diagnosis
did not present clinical signs or symptoms of the related dis-
ease; they may, however, be considered as celiac patients at
risk of developing an additional organ-specific disease.
Stratifying the CD patients in two groups according to
median age, we found that the frequency of organ-specific
autoantibodies was higher in CD patients aged >34-50 years
(34.8%) compared with younger patients (>18–34 years)
(28.3%). This increase in frequency, in itself not statistically
significant, gains importance when compared to previous
results from CD patients aged 18 years or less (19). By

combining the results of the two studies, performed by the
same laboratory with the same assays, we confirmed experi-
mentally for the first time the findings of a multicenter
Italian Study [29] in which the analysis of a structured ques-
tionnaire and the review of 909 patient charts led to the
conclusion that the age at diagnosis is the only significant
predictor variable for the development of an additional auto-
immune disease in CD patients. In particular, Ventura et al.
[29] stated that patients with early diagnosed (and treated)
celiac disease did not show an increased prevalence of auto-
immune disorders compared to the control subjects. By con-
trast, CD patients diagnosed after 10 years of age showed a
7-fold higher frequency of autoimmune disorders in compari-
son to healthy controls. This means that the development of
celiac disease at an older age is supposedly associated with
a higher frequency of humoral autoimmunity specific to the
organ-specific autoimmune diseases investigated. However, it
is not possible to exclude that some patients with CD diag-
nosed later in life may have had asymptomatic disease for
many years. Our data confirm a similar trend. Altogether,
31.5% of adult CD patients >18 years old were target of
organ-specific autoimmunity, compared to 11.7% (p< .0001)
of CD patients <18 years [19]. In particular, CD patients aged
>13–18 and >18 years at diagnosis were target of signifi-
cantly higher immunoreactivities in comparison to the same
age-range group of control subjects, whereas no significant
differences were found between CD patients and healthy
controls aged 3–8 or >8–13 years. Altogether, at disease
diagnosis, thyroid, type 1 diabetes, gastric and adrenal auto-
antibodies were detected 2.7 times more frequently in adults
than children and adolescent CD patients. However, unlike
type 1 diabetes and adrenal autoantibodies, only thyroid and
parietal cell autoantibody frequencies increased significantly
with age. Thyroid autoantibodies are the most frequently
found immune markers in adult CD patients (12.0%), six
times more than children and adolescent CD patients, but it
is worth noting that they show no significant difference com-
pared to adult healthy controls (10.1%) that, in turn, showed
a significant increase in these markers compared to children
and adolescent healthy subjects (2.7%). An increased fre-
quency of thyroid dysfunction has already been documented
in CD patients, with thyroid disorders being diagnosed either
before or after the diagnosis of CD [30]. Our results are in
line with findings of Midhagen [31] and Counsell [32] that
detected thyrotoxicosis or hypothyroidism in 10.8% and
14.0% of adult CD patients, respectively. Unlike thyroid auto-
immunity, we found that adult CD patients at diagnosis
show significantly higher frequencies of gastric autoantibod-
ies (10.9%) compared to adult healthy controls (1.3%).
Parietal cell autoantibody detection in the serum may indi-
cate an increased risk for development of autoimmune atro-
phic gastritis, that can progress to pernicious anemia. Thus,
presence of gastric autoantibodies may represent an import-
ant signal that will allow to evaluate, monitor in time and
eventually prevent the development of chronic symptoms
and irreversible complications of autoimmune atrophic gas-
tritis in CD patients [33]. However, it is necessary to remark
that these autoantibodies are not always specific for atrophic

Figure 2. Impact of age at diagnosis on frequency of organ-specific autoanti-
bodies in celiac patients and healthy subjects. The Y-axis indicate the percent
of autoantibody-positive individuals (celiac patients at disease diagnosis or con-
trols). The x-axis reports the CD patients and healthy subjects subdivided in
four groups according to their age at diagnosis.
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gastritis as they are also found in individuals with other auto-
immune diseases. Adult CD patients at diagnosis also
showed significantly higher frequencies of type 1 diabetes
(10.9%) autoantibodies compared to controls (1.7%). Type 1
diabetes-specific autoimmune frequency doubles in adult CD
patients compared to CD individuals aged less than 18 years
(5.5%). Among the type 1 diabetes autoantibodies analyzed,
GAD autoantibodies, detected in 80% of patients, were sig-
nificantly more present than IA-2, ZnT8 and insulin autoanti-
bodies. Interestingly, in our study none of the adult CD
patients was positive for more than one diabetes-specific
autoantibody. It is well known [34] that the co-occurrence of
multiple islet cell autoantibodies in a serum of a subject at
risk to develop type 1 diabetes increases the risk of future
development of the disease. Thus, in our study all the CD
adult patients found positive for type 1 diabetes autoanti-
bodies may be virtually considered at low-risk to develop
clinical diabetes. Previous studies, based on data analysis of
the Swedish national registers [35] have shown that celiac
patients have a greater risk of developing Addison’s disease,
probably explained by the presence of common genetic
traits. Despite the finding of an increased percentage of
adult CD patients with adrenal autoimmunity, we found no
statistically significant differences in comparison to younger
patients. However, our results, with 2 organ-specific autoanti-
body-positive adult CD patients found 21(OH)Ab positive,
confirm the potential risk of Addison’s disease for these
patients. This finding supports the need to evaluate these
autoantibodies at CD diagnosis, in addition to the other ones
investigated in the study. In conclusion, we demonstrated
that the frequencies of humoral immunoreactivities specific
of type 1 diabetes, thyroid, atrophic gastritis and Addison’s
diseases increase with age at diagnosis of celiac disease.
However, based on the comparison with healthy subjects,
the increased number of adult CD patients with gastric and
type 1 diabetes humoral autoimmunity appears to be more
specifically related to presence of celiac disease than thyroid
and adrenal autoimmunity. Amongst CD patients investi-
gated in our study, we excluded those diagnosed for one or
more of the organ-specific diseases before CD diagnosis. This
may give rise to the hypothesis that the coexisting auto-
immunity reported in our study is likely to have been under-
estimated. However, our aim was to assess the frequency
and co-occurrence of humoral autoimmunity specific of four
organ-specific diseases in newly diagnosed adult CD patients
not affected by these disorders and still not on a gluten-free
diet. In light of this, the adult patients identified as target of
humoral organ-specific autoimmunity at CD diagnosis may
represent the basis for further studies aimed at obtaining
new insights on a highly debated topic, the gluten with-
drawal effects on the expression of the organ specific-
humoral autoimmunity. These studies will be addressed to
evaluate a) the frequency of adult patients with/without
organ-specific autoimmunity at CD diagnosis that, despite
the gluten-free diet, develop one or more of the organ-spe-
cific disease investigated b) if and possibly how the
gluten-free diet changes the course and the pattern of type
1 diabetes-, thyroid-, atrophic gastritis- and Addison’s

humoral autoimmunity in adult CD patients. In the present
study we evaluated the humoral autoimmunity related to
the main organ-specific diseases that are known to be associ-
ated to CD. However, celiac disease was shown to also be
associated with an autoimmune pituitary process, with ovar-
ian failure causing infertility and with type II autoimmune
polyglandular syndrome (APS, type II) although hypopara-
thyroidism has been rarely recorded with coincident CD [36].
It could be of interest to evaluate, at adult CD diagnosis, also
humoral autoimmunity specific of these disorders as well. In
conclusion, a systematic organ-specific autoantibody screen-
ing of adult CD patients might be of value to promptly iden-
tify, prevent or treat the relative diseases.
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