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ABSTRACT

Graves' disease (GD) and autoimmune thyroiditis (AT) are the two main clinical presentations of AITD, and their
clinical hallmarks are thyrotoxicosis and hypothyroidism, respectively. GD, and AT, can be associated with other
organ specific, or systemic autoimmune diseases in the same patient. However discordant results have been
reported in the literature about the possible associations. Here, we review the association of GD and other
autoimmune syndromes. Furthermore, we report the results of our prospective study that investigated the
prevalence of other autoimmune disorders in 3209 GD patients (984 with Graves' ophthalmopathy), with respect
to 1069 healthy controls, or 1069 patients with AT, or 1069 with multinodular goiter (matched by age, gender,
coming from the same area, with a similar iodine intake).

On the whole, 16.7% of GD patients had another associated autoimmune disease; and the most frequently
observed were: vitiligo (2.6%), chronic autoimmune gastritis (2.4%), rheumatoid arthritis (1.9%), polymyalgia
rheumatica (1.3%), multiple sclerosis (0.3%), celiac disease (1.1%), diabetes (type 1) (0.9%), systemic lupus
erythematosus and sarcoidosis (< 0.1%), Sjogren disease (0.8%). Moreover, 1.5% patients with GD had three
associated autoimmune disorders. Interestingly, patients with Graves' ophthalmopathy (GO) had another au-
toimmmune disorder more frequently (18.9%), with respect to GD patients without GO (15.6%). However the
pattern of the associated autoimmune disorders in GD was not significantly different from that observed in AT
patients.

In conclusion, we suggest GD patients who are still sick, or who develop new unspecific symptoms (even if
during an appropriate treatment of hyperthyroidism) should be appropriately screened for the presence of other
autoimmune disorders.

1. Introduction

the risk of women in comparison to men is more elevated (approxi-
mately 6/1); (2) hypothyroidism is more frequent in older people; (3)

Autoimmune thyroid diseases (AITD) are the most frequent auto-
immune disorders and result from an immune assault on the thyroid,
and they are classified as “T cell-mediated organ-specific autoimmune
disorders” [1]. AITD include two main clinical presentations: Auto-
immune thyroiditis (AT) and Graves' disease (GD). The clinical hall-
marks of GD and AT are thyrotoxicosis and hypothyroidism, respec-
tively. The prevalence of AITD is about 5% [2]; however, the
prevalence of antithyroid antibodies (ATA) may be even higher [3]: (1)

there is a great geographic variability, and the prevalences of AITD and
thyroid antibodies differ with race; (4) the incidence of AITD is more
elevated in subjects living in iodine-sufficient areas in comparison to
those in iodine-deficient areas [3]. The incidence rate of AITD is in-
creasing [4], even if it is not possible to know whether this is due to a
higher accuracy of diagnostic procedures [5-8].

In many cases, AITD may be associated in the same patient with
other organ-specific autoimmune attacks (such as in the case of type II
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autoimmune polyglandular sindrome); the most frequent association
was between AITD and type I diabetes (T1D) [9-12].

Furthermore, ATA and thyroid function abnormalities have been
frequently described in patients with systemic rheumatologic auto-
immune diseases, such as Sjogren's syndrome (SS), rheumatoid arthritis
(RA), systemic lupus erythematosus (SLE) and systemic sclerosis (SSc)
[13-17].

Recently it has been reported a high frequency (9.67%) of coexisting
autoimmune disorders in 2791 GD patients from UK [18].

However other discordant results have been reported in the litera-
ture [19-22].

It has been suggested that, the small samples size, the use of ret-
rospective recruitment of cases, and of control groups not matched by
gender, age or geographic distribution, or iodine intake, could have
hindered the data published by different papers. Furthermore, to
eliminate bias in case selection, prospective studies and a tight disease
definition are needed [23].

Here, we review the association of GD and other autoimmune syn-
dromes. Furthermore, we report the results obtained in our prospective
study that investigated the prevalence of other autoimmune disorders
in GD patients, with respect to healthy controls, or patients with AT, or
with multinodular goiter.

2. Material and methods
2.1. Study subjects

From 1993 to 2010 we have evaluated prospectively the prevalence
of other autoimmune disorders in outpatient clinic in 3209 consecutive
Caucasian patients with GD (Table 1), with or without ophthalmopathy
(GO). The diagnosis of GD [24] was established from the clinical pre-
sentation (presence of a diffuse goiter, varying in size from normal to
very large), thyroid hormones and thyroid autoantibodies measure-
ments [presence of anti-TSH-receptor autoantobodies (TRAb), and/or
thyroid ultrasonography (decreased, dyshomogeneous echogenicity,
and diffuse goiter)]. The majority of these patients had goiter (63%),
the others showed a normal thyroid volume. A minority of patients
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(7%) were submitted to fine-needle aspiration to exclude the presence
of thyroid cancer or lymphoma; in these cases, cytology excluded the
presence of a malignancy [24,25].

The diagnosis of GO was established from the clinical presentation
[26].

In GO patients, eye disease activity was assessed by the Clinical
Activity Score (CAS) [27].

2.2. Control groups

The prevalence of autoimmune disorders was investigated in three
age ( = 5years), and gender, matched, control groups (3 patients/1
control) (Table 1), extracted from the same random sample of the
general population, with similar iodine intake.

Control I (n = 1069) comprised people extracted randomly from the
general population of the same geographic area [28]. A complete
thyroid screening [history; physical examination; ultrasonography; free
triiodothyronine (FT3), free thyroxine (FT4), thyroid-stimulating hor-
mone (TSH), anti-thyroperoxidase (AbTPO) and anti-thyroglobulin
(AbTg) autoantibodies dosage] in this control group excluded the pre-
sence of thyroid disorders.

Control II was constituted by 1069 patients with autoimmune
thyroiditis (AT) extracted from the same random sample of the general
population. The diagnosis of AT [14,29] was established from the
clinical presentation (presence of a firm goiter, varying in size from
small to very large, with a lobulated surface), thyroid hormones and
thyroid autoantibodies measurements, and/or thyroid ultrasonography
(decreased, dyshomogeneous echogenicity) [28].

The majority of these patients had a normal thyroid volume, some
showed goiter (9%) or atrophic thyroiditis (10%). A minority of pa-
tients (7%) were submitted to fine-needle aspiration to exclude the
presence of thyroid cancer or lymphoma; in these cases, cytology con-
firmed the presence of a lymphocytic infiltration [14,28].

Control III comprised 1069 patients with non-toxic multinodular
goiter (MNG) extracted from the same random sample of the general
population. The majority of these patients had a normal thyroid vo-
lume, some showed goiter (35%). All MNG patients were submitted to

Table 1
Thyroid status of control subjects, and patients with autoimmune thyroiditis, or euthyroid multinodular goiter, or Graves' disease.
Controls I Thyroiditis Multinodular Graves’ P
Goiter DISEASE

n 1069 1069 1069 3209
Age (years) 44 + 16 45 = 17 46 = 9 44 = 15 ns
Gender (M/F)% 18 18 18 18 ns
Thyroid volume (ml) 10 £ 6 13 £ 10 19 + 18, 21 = 16, 0.0001
Hypoechoic (%) 0 64 0 58 0.0001
Hypervascular (%) 0 29 0 64 0.0001
Serum TSH (mcU/ml) 1.5 + 0.9 2.8 + 3.0 1.2 + 0.8 0.1 = 0.28 0.001
TRAD positivity (%) 0 0 0 878 0.0001
AbTPO positivity (%) 0 84 0 65 0.0001
AbTg positivity (%) 0 75 0 54 0.0001

Antithyroperoxidase antibody = AbTPO.
Antithyroglobulin antibody = AbTg.
Thyroid-stimulating hormone = TSH.
Antithyrotropin-receptor antibody = TRAb.
* p < 0.05 or less vs. controls or vs. autoimmune thyroiditis.

§ p < 0.05 or less vs. controls, vs. autoimumune thyroiditis and vs. multinodular goiters.
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thyroid ultrasonography and fine-needle aspiration, if necessary; cy-
tology confirmed the absence of a malignancy.

In all patients and controls, a blood sample was collected in the
morning, after overnight fasting, and serum was kept frozen until
thyroid hormones, and thyroid autoantibodies measurements.

All study subjects gave their informed consent to the study, which
was approved by the local Ethical Committee of the University of Pisa.

Thyroid blood flow was evaluated using color-flow doppler in all
patients, and controls [14,28].

2.3. Laboratory tests

Thyroidal function and autoantibodies were evaluated as earlier
described [29]. Serum FT3 and FT4 were evaluated by radio-immuno
assay (RIA) (AMERLEX-MAB FT3/FT4 Kit; Amersham, UK), while TSH
(DiaSorin, USA), AbTPO and AbTg (ICN Pharmaceuticals, USA) by
IRMA. Positivity for AbTg or AbTPO, was defined as > 50, and >
10 IU/mL, respectively. TRAb (anti-TSH-receptor autoantibodies) were
measured in patients with the use of a radioreceptor assay (Radim,
Italy) (normal range 0-1 IU/ml).

2.4. Evaluation of other autoimmune diseases

During the study enrollment a specialist physician interviewed the
patients, and a clearly defined questionnaire was completed by controls
and patients in order to evaluate the presence of other frequent auto-
immune disorders. The diagnosis of other autoimmune diseases was
done recalling patients, cross-checking with present records and med-
ications by the recruiting physician. Moreover a specific specialist (i.e.
rheumatologist, dermatologist, gastroenterologist or internal medicine
physician) verified the diagnoses and confirmed or not it according to
the criteria reported by the scientific societies [30].

A patient was defined as “positive”, only in the presence of a clear
evidence of coexisting autoimmune diseases.

2.5. Data analysis

For normally distributed variables, values are expressed as
mean * SD. For normally distributed variables one-way analysis of
variance (ANOVA) or the Mann-Whitney U test was used to compare
mean group values. x2 test was used to compare proportions and
Bonferroni-Dunn test for post-hoc comparisons on normally distributed
variables.

3. Results

Table 1 reports thyroid evaluation in GD, AT, and MNG patients vs.
controls. The four groups were not different, in gender or age dis-
tribution because of the matching procedure. Thyroid volume was
significantly larger in GD, and MNG patients. In GD, and AT, a hy-
poechoeic (58%, and 64%, respectively) and hypervascular (64%, and
29%, respectively) thyroid was present. All GD patients were hy-
perthyroid, while 24% of AT patients were hypothyroid; no thyroid
dysfunctions were present in MNG patients and controls. In GD, and AT,
AbTPO (65%, and 84%, respectively), or AbTg (54%, and 75%, re-
spectively) autoantibodies were present. TRAb were present only in GD
patients (87%).

In GD, or AT patients a significantly higher prevalence (Table 2) of
autoimmune diseases (vs. controls or MNG patients) was observed for
the following: T1D; celiac disease; chronic autoimmune gastritis (CAG);
vitiligo (Vit); RA; SSc; SS; SLE; sarcoidosis; hepatitis C virus (HCV)-
related mixed cryoglobulinemia (MC); polymyalgia rheumatica
(Polym); multiple sclerosis. For psoriatic arthritis and alopecia, a sta-
tistical evaluation closed to the significance was reported, while no
significance was observed for the other diseases. On the whole the
prevalence of another autoimmune disease was significantly higher in
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GD, or AT patients, with respect to MNG, or controls (16.7%, 18.5%,
3.5%, and 3.3%; respectively). The most commonly reported auto-
immune diseases in GD patients were: Vit (2.6%), CAG (2.4%), RA
(1.9%), Polym (1.3%), celiac disease (1.1%), T1D (0.9%), SS (0.8%),
multiple sclerosis (0.3%), SLE and sarcoidosis (< 0.1%). The pattern of
the associated autoimmune disorders in GD was not significantly dif-
ferent from that observed in AT patients.

The association of three autoimmune disorders was reported in 48
(1.5%) GD patients, in 15 (1.4%) AT patients, in only 1 control subject,
and in none MNG patient (Table 3). The most common associations in
GD were GD + CAG + Polym and GD + CAG + Vit. The pattern of the
three associated autoimmune diseases in GD was not significantly dif-
ferent from that observed in AT patients.

The presence of GO was observed in 984 (30.6%) of GD patients;
while 2225 (69.4%) had no sign of GO. The pattern of the associated
autoimmune disorders in GD, with or without GO, was not significantly
different (Table 4). However, on the whole the prevalence of another
autoimmune disorder was significantly higher in GO (18.9%), than in
GD patients without GO (15.6%).

4. Discussion

This is, as far as we know, the largest prospective study that have
evaluated the association of other autoimmune diseases in patients with
GD. On the whole 16.7% of GD patients had another associated auto-
immune disease; and the most frequently observed were: Vit (2.6%),
CAG (2.4%), RA (1.9%), Polym (1.3%), celiac disease (1.1%), T1D
(0.9%), SS (0.8%), multiple sclerosis (0.3%), SLE and sarcoidosis
(< 0.1%). Moreover, 1.5% patients with GD had three associated au-
toimmune disorders. This study first shows that GO patients had an-
other autoimmmune disorder more frequently (18.9%), with respect to
GD patients without GO (15.6%). However the pattern of the associated
autoimmune disorders in GD was not significantly different from that
observed in AT patients.

These results extend and complete the findings of other studies. For
example the results are only in part in agreement with those reported
recently in a cross-sectional retrospective multicenter study of 2791
Caucasian subjects with GD in UK. All subjects completed a structured
questionnaire seeking a personal history of common autoimmune dis-
order. In GD the frequency of another autoimmune disorder was 9.67%.
RA was the most frequent coexisting autoimmune disorder (in 3.15% of
GD). In GD relative risks of other autoimmune diseases were sig-
nificantly increased (for pernicious anemia, SLE, Addison's disease,
celiac disease, and Vit) [18]. However, for each autoimmune disease
the relative risk was calculated dividing the observed prevalence by the
best estimate of UK population prevalence according to the present
literature, but an appropriate internal control group was lacking.

Our paper has some important strength points in comparison to the
above reported paper: 1) it is a prospective study; 2) the definition of
GD, AT, MNG, and healthy subjects has been performed by a complete
thyroid screening; 3) a specialist (i.e. rheumatologist, dermatologist,
gastroenterologist or internal medicine physician) verified the presence
of other autoimmune diseases and confirmed or not it, according to
criteria reported by the scientific societies (not on the basis of a ques-
tionnaire); 4) our study reports three age- and gender-matched control
groups (in fact, age and gender, are a determinant risk factor for thyroid
autoimmunity), excluding the influence of these parameters on the last
results; 5) the three controls were extracted from a sample of the gen-
eral population, with similar iodine intake; 6) a control group of
healthy subjects (without thyroid autoimmune disorders) has permitted
to emphasize the differences with GD patients; 7) a control group of
MNG patients without thyroid autoimmunity has permitted to rule out
the possible effect of non-autoimmune thyroid pathologies on the re-
sults; 8) a control group of AT patients has permitted to compare the
coexistence of autoimmune diseases, with respect to GD; 9) GD patients
were evaluted for the presence/absence of GO, making possible the
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Table 2
Distribution of autoimmune diseases in GD patients, controls, AT, and MNG.

Controls AT MNG GD P

n = 1069 n = 1069 n = 1069 n = 3209 xX2
Diabetes (type 1) 1 10 0 28 0.0008
Addison disease 0 2 0 4 0.3427
Chronic autoimmune gastritis 5 27 10 78 < 0.0001
Celiac disease 3 14 4 34 0.0105
Crohn's disease 0 3 2 10 0.3157
Ulcerative colitis 2 6 1 13 0.2070
Vitiligo 6 29 3 83 < 0.0001
Alopecia 0 4 0 9 0.0765
Psoriasis 3 5 3 16 0.6772
Psoriatic arthritis 1 6 0 11 0.0503
Myasthenia gravis 0 1 0 4 0.4574
Polymyalgia rheumatica 5 14 6 41 0.0388
Polymyositisy/dermatomyositis 0 2 0 7 0.2071
Primary biliary cirrhosis 0 1 0 2 0.6442
Chronic autoimmune hepatitis 0 1 0 2 0.6442
Rheumatoid arthritis 5 26 4 64 < 0.0001
Systemic sclerosis (scleroderma) 0 6 0 15 0.0132
Sjogren disease 1 10 0 27 0.0009
Systemic lupus erythematosus 0 8 0 21 0.0021
Sarcoidosis 1 7 0 17 0.0173
HCV-related cryoglobulinemia 0 6 0 14 0.0153
Glomerulonephritis Primary IgA 0 0 0 1 0.8014
Multiple sclerosis 2 7 2 26 0.0409
Uveitis (iridocyclitis) 1 3 3 10 0.6885
Total 36 198 38 536 < 0.0001

(3.3%) (18.5%) (3.5%) (16.7%)

P > 0.05 AT, vs. GD, for all comparisons.

Table 3
Patients with 3 associated autoimmune disorders in GD patients, controls, AT,
and MNG.

Controls AT MNG GD P

n=1069 n=1069 n=1069 n=3209 2

AT+ CAG + Vit
AT +CAG + Polym
AT +CAG + Alo
AT+ CAG + T1D
AT+ CAG + SLE
AT + CAG + Sarc
AT+ CAG + SSc
AT + CAG + Sjog
AT + Vit + Sjog
AT + Vit + Polym
AT+T1D + CelDis
AT+RA + Vit

AT + Sarc + Vit

AT + Crohn + Vit
AT + Sarc + Vit
Total

—
w

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
< 0.0001

HOOOOOOOOOOOOO OO
H OO R R KMHMEEOMRERFEOKRDND
[l -ReololoR =Rl === iNo]
o= = NWA WA R~ NN WN

=
9]
N
(e ]

Alopecia (Alo); autoimmune thyroiditis (AT); celiac disease (CelDis); chronic
autoimmune gastritis (CAG); Crohn's disease (Crohn); polymyalgia rheumatica
(Polym); rheumatoid arthritis (RA); sarcoidosis (Sarc); sjogren's syndrome
(Sjog); systemic lupus erythematosus (SLE); systemic sclerosis (SSc); type 1
diabetes (T1D); ulcerative colitis (UlcCol); vitiligo (Vit).

comparions of the associated autoimmune diseases in GO, vs. GD pa-
tients without GO; 10) a larger number of patients and controls has
been evaluated; 11) a larger number of autoimmune diseases have been
evaluated.

A significant high prevalence of autoimmune disorders was reported
in GD patients for: T1D; CAG; celiac disease; Vit; Polym; RA; SSc; SS;
SLE; sarcoidosis; MC; multiple sclerosis. For psoriatic arthritis and
alopecia, a statistical evaluation closed to the significance was reported,
while no significance was observed for the other diseases. A larger
series of patients is necessary to confirm or not the associations for
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Table 4
Distribution of autoimmune diseases in GD patients, with or without GO.
No GO With GO GD P
n = 2225 n =984 n = 3209 x2
(30.6%)
Diabetes (type 1) 18 10 28 ns
Addison disease 3 1 4 ns
Chronic autoimmune gastritis 51 27 78 ns
Celiac disease 21 13 34 ns
Crohn's disease 6 4 10 ns
Ulcerative colitis 9 4 13 ns
Vitiligo 50 33 83 ns
Alopecia 5 4 9 ns
Psoriasis 11 5 16 ns
Psoriatic arthritis 8 3 11 ns
Myasthenia gravis 3 1 4 ns
Polymyalgia rheumatica 28 13 41 ns
Polymyositisy/dermatomyositis 5 2 7 ns
Primary biliary cirrhosis 2 0 2 ns
Chronic autoimmune hepatitis 1 1 2 ns
Rheumatoid arthritis 40 24 64 ns
Systemic sclerosis (scleroderma) 10 5 15 ns
Sjogren disease 17 10 27 ns
Systemic lupus erythematosus 15 6 21 ns
Sarcoidosis 13 4 17 ns
HCV-related cryoglobulinemia 10 4 14 ns
Glomerulonephritis Primary IgA 1 0 1 ns
Multiple sclerosis 17 7 25 ns
Uveitis (iridocyclitis) 5 5 10 ns
Total 349 187 536 0.0201
(15.6%) (18.9%) (16.7%)

some of the other autoimmune diseases, as the statistical significance is
difficult to be reached, owing to the low prevalence of these disorders
(i.e. dermatomyositis, or primary biliary cirrhosis, etc).

Of note, the association of 3 autoimmune diseases was reported
nearly only in GD and AT patients, and the most common associations
in GD were GD + CAG + Vit and GD + CAG + Polym. The pattern of
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the three associated autoimmune diseases in GD was not significantly
different from that observed in AT patients.

The exact pathogenetic mechanisms underlying the above reported
associations are not known. The influence of genetic susceptibility on
the association of distinct autoimmune disorders has been reported, as:
a) significant clustering of AITD is shown within families (as about
40-50% of AT patients report another family member with AT) [31]; b)
evidence comes from twin studies for GD [32] and AT [33] with con-
cordance rates of 30-40% in monozygotic twins and 0-7% in dizygotic
twins. Moreover, new recent insights in genome-wide association stu-
dies (GWAS) about autoimmune and immune-mediated diseases have
increased the knowledge of the pathogenesis underlying these disorders
[20], suggesting a common genetic susceptibility [20,34].

However, also environmental factors are determinant for the ap-
pearance of AITD in susceptible subjects [35,36]. Increased iodine in-
take, selenium and vitamin D deficiency, exposure to radiation (from
nuclear fallout, or due to medical radiation) are environmental factors
increasing AITD prevalence [37].

Cigarette smoking is associated with GD and GO, while it decreases
the risk of hypothyroidism and thyroid autoimmunity. Viral infections
are important environmental factors in the pathogenesis of AITD, too,
particularly human parvovirus B19 (EVB19) and HCV. Regarding the
various existing chemical contaminants, pesticides and halogenated
organochlorines differently disrupt thyroid function. Polychlorinated
biphenyls and their metabolites and polybrominated diethyl ethers bind
to thyroid transport proteins (i.e. transthyretin), displace thyroxine,
and disrupt thyroid function. Considering drugs, interferon- and iodine-
containing drugs have been associated with AITD [35].

A prevalent Thl immune pattern has been shown in patients with
AT, GD, GO [38-40], T1D, SLE, SSc, RA, MC, and others, in the initial
phase of these disorders. Furthermore, in GD, GO, SLE, MC (and others)
a Th1 prevalence has been shown in the active phase, that switches to a
Th2 profile in the inactive phase [28,29,38,41-43] of the disease. So it
has been hypothesized that the influence of genetic and environmental
factors could determinate autoimmune phenomena in different organs
in the same subject [1], characterized by predominance of a Thl im-
mune pattern at the initial, or active, phase of these disorders.

In conclusion, it has been demonstrated a significantly more ele-
vated risk of other autoimmune diseases in GD patients. Since about
17% of GD patients can have another associated autoimmune disease,
GD patients who are still sick, or who develop new unspecific symptoms
(even if during an appropriate treatment of hyperthyroidism) should be
appropriately screened for other autoimmune disorders (not to delay
the diagnosis), and treatment of these ones, overall when GO is present.

Funding
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Take-home messages

» About 17% of Graves' diseases (GD) patients had another asso-
ciated autoimmune disease; and the most frequently observed were:
vitiligo, chronic autoimmune gastritis, rheumatoid arthritis, poly-
myalgia rheumatica, multiple sclerosis, celiac disease, diabetes (type 1),
systemic lupus erythematosus and sarcoidosis, Sjogren disease.
Moreover, 1.5% patients with GD had three associated autoimmune
disorders. Interestingly, patients with Graves' ophthalmopathy (GO)
had another autoimmmune disorder more frequently (18.9%), with
respect to GD patients without GO (15.6%).

+ GD patients who are still sick, or who develop new unspecific
symptoms (even if during an appropriate treatment of hyperthyroidism)
should be appropriately screened for other autoimmune disorders (not
to delay the diagnosis), and treatment of these ones, overall when GO is
present.
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