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INTRODUCTION

Graves’ disease (GD) is the most common 
cause of thyrotoxicosis due to autoimmune 
thyroid disease (AITD) [1]. The main driv-

ing force of the hyperthyroidism seems to be the 

presence of TSH-receptor antibodies (TRAb) [2]. 
High levels of TRAb in hyperthyroidism are one of 
the cornerstones in the diagnosis of GD, together 
with increased uniform radio-iodine uptake and dif-
fuse ultrasoud changes [1, 3]. In addition, AITD is 
marked also by elevation of anti-thyroid peroxidase 
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and anti-thyroglobulin antibodies (TPOAb, TgAb) 
[4-6]. Their positivity and signifi cance are being bet-
ter studied in the setting of autoimmune thyroiditis. 
However, they are often elevated in GD. Diff erent 
studies reported a 50-70% prevalence of positive 
TPOAb and 30-50% positive TgAb in newly discov-
ered GD [7-15]. Their clinical signifi cance is less well 
understood. Some older studies have linked TPOAb 
positivity in GD with lower rate of accompanying 
Graves’ ophtalmopathy (GO), higher thyroid volume 
as well as with lower rates of complete remission of 
the AITD [8, 9, 12, 16, 17]. Other studies found an 
association of anti-TPO positivity with GO in ado-
lescents [18]. In the RISG study the thyroid volume 
was positively related to the anti-TPO antibodies 
[16]. Measurement of TPOAb levels 6 months after 
the initial diagnosis was found useful in the predic-
tion of a possible relapse of GD [14].

The presence of TgAb in GD is even less well stud-
ied. It was associated mainly with the prevalence and 
pathophysiology of GO [17, 19-21]. Most of those 
studies were of moderate size (< 100 patients), sev-
eral studies were retrospective analyses. As those 
two antibodies are often measured in GD with or 
without GO, it is possible to link their positivity and 
levels to several clinical, ultrasound and hormonal 
parameters at the presentation of GD in an attempt 
to predict the future course of the AITD and the pos-
sible association of GO. As far as we know, there are 
no published analyses of the diff erences in the clini-
cal presentation of GD depending on the number of 
positive antibodies in addition to TRAb.

The aim of the present study was to examine the 
clinical characteristics of patients with newly diag-
nosed GD who diff er in the number of positive anti-
thyroid antibodies as well as to fi nd associations of 
the TPOAb and TgAb levels with important clinical, 
hormonal and ultrasound parameters.

MATERIALS AND METHODS

Design

This cross-sectional study included newly diagnosed 
GD patients from a tertiary hospital-based specialized 
endocrine unit. The study was approved by the Ethical 
committee of the Scientifi c Council at the Medical Uni-
versity Sofi a (Research Project 13/2012, written con-
sent) and was conducted in compliance with ethical 
standards and the Declaration of Helsinki. All patients 
signed informed consent prior to any procedure. All 
procedures were part of the routine clinical work-up in 
AITD. The inclusion criteria were age above 18 years, 
presence of newly diagnosed GD and willingness to 
participate. The exclusion criteria were glucocorticoid, 

interferon or any other type of immune-modulating 
treatment for concomitant disease. 

Methodology

Complete physical examination was performed in-
cluding eye symptoms, cardio-vascular signs of thy-
rotoxicosis and palpation of the thyroid. Smoking sta-
tus, presence of concomitant autoimmune diseases 
and family history for thyroid disease were reviewed.

The serum levels of the thyroid hormones (TSH, 
free T4 and free T3) and antibodies (TRAb, TPOAb, 
TgAb) were measured from a fasting morning blood 
sample with third generation ECLIA assays (Roche 
Diagnostics, Switzerland) on an Elecsys 2010 ana-
lyzer. The following reference ranges were applied: 
TSH (0.27-4.2 mU/l); fT4 (12-22 pmol/l); fT3 (3.54-
6.47 pmol/l); TPOAb (0-34 IU/ml); TgAb (0-115 IU/
ml); TRAb (< 1.75 IU/l). Thyroid ultrasound was per-
formed with a 9 MHz linear transducer on a Fukuda-
Denshi 550 device (Fukuda Corp., Japan). The thy-
roid volume was calculated in ml (cm3) according to 
the formula by Brunn et al. [22].

Thyroid Volume of the studied lobe (cm3) = antero-
posterior size x transverse size x length x 0.479 (all 
in centimeters). 

The presence of nodules was also reported. Ad-
ditionally, power and color Doppler ultrasound was 
performed on a 14 MHz Ultrasonix device (Ultraso-
nix Medical Corp., Burnaby, Canada) for vascularity 
and blood fl ow assessment. The diagnosis of GD 
was made in the presence of thyrotoxicosis (clinical 
or subclinical) with elevated levels of TRAb, diff use 
hypoechogeneity of the thyroid parenchyma on ul-
trasound with increased blood fl ow on Doppler ultra-
sound [23]. Whenever available a technetium scan 
was reviewed and increased uniform uptake by the 
thyroid was used as confi rmation [24]. Patients were 
evaluated by the clinical endocrinologists and expe-
rienced ophthalmologists for the presence of thyroid-
associated ophtalmopathy (GO). The disease sever-
ity (according to the NOSPECS classifi cation) and 
activity (according to the clinical activity score, CAS) 
were recorded [25]. 

Patients with elevated levels of TRAb only were 
marked as group 1+, those with an additional posi-
tive TPOAb or TgAb were marked as group 2+, and 
those who were positive for all the three antibodies 
 as group 3+. Patients who had elevated levels of 
TPOAb were considered as TPOAb + and those with 
elevated levels of TgAb - as TgAb +.

Statistical analysis

Statistical analyses were done using the SPSS 23.0 
statistical package for Windows (SPSS Inc., Chi-
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cago, IL, USA). Descriptive statistics and variation 
analysis were fi rst performed. A normal distribution 
was tested by the Shapiro-Wilk and Kolmogorov-
Smirnov tests. Descriptive statistics were compared 
between groups via the Mann-Whitney and Cruscal-
Wallis tests for continuous variables. ANOVA and 
correlation analyses were performed. Missing val-
ues were not included in the computations. Statisti-
cal signifi cance was set as p ≤ 0.05; all tests were 
two-tailed.

RESULTS

249 patients with newly diagnosed GD (191 wom-
en, 58 men) agreed to participate. Their mean age 
was 44.2 ± 14.4 years (women only – 44.2 ± 14.6 
years; men only – 44.0 ± 14.0 years). 40.2% of them 
(39.2% of women and 48.2% of men) had symptoms 
and signs of accompanying GO. The baseline char-
acteristics of the study population are presented in 
Table 1. There were no signifi cant diff erences be-
tween men and women in their baseline characteris-
tics. 28.7% of all participants were current smokers 
(29.1% of women and 27.5% of men), 18.7% were 
previous smokers (17.3% of women and 23.5% of 
men) and 52.6% were never smokers (53.6 % of 
women and 49.0% of men). In 30.2% there was 
family history for thyroid disease was positive (32.8 
% of women and 21.2% of men). 8.5% of patients 
had a concomitant autoimmune disease (2% vitiligo, 
2% type 1 diabetes mellitus, 4.5% − other autoim-
mune disorder).

64% of all patients were TPOAb positive and 36% 
were TgAb positive. 51% of all patients had enlarged 
thyroids (using cutoff s of > 18.0 ml for females and 
> 25.0 ml for males). 40% of the patients had symp-
toms and/or signs of GO. It was active in 71% of 
them. 21% of the patients had thyroid nodules on ul-
trasound.

Patient characteristics according to the number of 
positive antibodies

The patients were equally distributed according to 
the number of positive antibodies. In one third TRAb 
was the only elevated antibody, one third had addi-
tionally elevated TPOAb or TgAb (in 11% of them it 
was TgAb and in 89%  TPOAb. In the remaining one 
third all three antibodies were elevated (Figure 1).

Fig. 1. The distribution of the patients according to the number of 
positive thyroid antibodies is shown

The patients’ characteristics according to the num-
ber of positive antibodies are displayed as medians 
in Figure 2. Patients with more positive antibodies 
tended to be younger (Figure 2 A). The median fT4 
was lower in patients who were only TRAb positive 
(Figure 2 B). The fT3 levels did not diff er among the 
groups. Patients with more positive antibodies had 
higher levels of TRAb (Figure 2 C), TPOAb (Figure 
2 D) and TgAb (Figure 2 E). The thyroid volume was 
rising with the accumulation of positive antibodies 
(Figure 2F) and the prevalence of goiter on US was 
highest in the 3+ group (61%) and lowest in TRAb 
only positive patients (Figure 2 G). Most of the pa-
tients with enlarged thyroid volume were in group 3+ 
(40%), while those TRAb only positive constituted 

Table 1. The baseline characteristics of the participants are shown as median values and range

All subjects (N = 249) Women (N = 191) Men (N = 58)
Median Range Median Range Median Range

Cigarettes /d (if current smoker) 12.5 5-40 10.0 5-40 17.5 5-20
TSH, mUI/L 0.005 0.001-0.410 0.005 0.001-0.169 0.005 0.001-0.410
fT4, pmol/L 45.5 14.1-145.6 45.3 14.1-45.5 45.5 15.5-100.0
fT3, pmol/L 13.2 4.2-50.1 13.2 4.3-50.0 13.2 4.2-50.1
TRAb, UI/L 9.0 1.9-40.00 8.7 2.1-40.0 11.6 1.9-40.0
TPOAb, UI/ml 91.2 5.0-2199.0 75.8 5.0-2199.0 147.2 5.0-1000.0
TgAb, UI/ml 50.5 10.0-4441.0 42.1 10.0-4000.0 80.0 10.0-4441.0
Thyroid volume, ml 18.5 5.0-112.1 17.0 5.0-112.1 22.0 9.0-77.0
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27% of the subgroup with goiter. The presence of 
thyroid nodules was negatively correlated with the 
number of positive antibodies (Figure 2 H). Nodules 
were seen more often in TRAb only positive patients. 
63% of all nodules were found in this subgroup, while 
20 % of the nodules were found in group 2+ and 17% 
− in group 3+. The presence of GO was negatively 
associated with the number of positive antibodies 
(Figure 2 I). Almost 2/3 of patients in group 1+ had 
GO vs. less than 1/3 of the patients in the other two 
groups. 51% of the patients with accompanying GO 
were in the TRAb only group (1+), while 24% and 
25% of them were in group 2+ and 3+ respectively. 
The severity of GO didn’t diff er among the groups.

Patient characteristics according to the presence of 
TPOAb (see Figure 3)

64% of the patients were TPOAb+ (n = 160) with 
a median TPOAb level of 232.9 IU/ml (range 40.0-

2199.0 IU/ml). TPOAb levels were negatively corre-
lated with the patients’ age (r = 0.182, p = 0.004,) 
and those who were TPOAb+ were younger (40 vs. 
46.5 years, p = 0.004; Figure 3 A). TPOAb+ patients 
had higher fT4 levels − 46.2 vs. 36.3 mU/l (p = 0.018, 
Figure 3 B). There was no correlation between the 
TPOAb levels and fT3. TPOAb levels were positively 
correlated with the TgAb (linear r = 0.614, p < 0.005) 
and TRAb levels (r = 0.204, p = 0.003). TPOAb+ pa-
tients had higher TgAb and TRAb levels (Figure 3 C 
and 3 D). Furthermore, the highest levels of each thy-
roid antibody were observed in the group where all 
three antibodies were positive (p < 0.005).

The thyroid volume was positively correlated with 
TPOAb (linear r = 0.193, р = 0.004). TPOAb+ patients 
had higher thyroid volumes than TPOAb- (Figure 3 
E). Patients with increased thyroid volume had higher 
TPOAb levels − 219.3 IU/ml versus 173.6 IU/ml in 

(A) mean age (p < 0.005); (B) median fT4 (p = 0.014); (C) median TRAb (p = 0.018); (D) median TPOAb (p < 0.005); (E) median TgAb 
(p < 0.005); (F) median thyroid volume (p = 0.015); (G) prevalence of goiter on US (p = 0.013); (H) prevalence of thyroid nodules on US 
(p < 0.005); (I) prevalence of GO (p = 0.002)

Fig. 2. The distribution of patients with diff erent number of positive antibodies is shown below according to their main characteristics 
(the signifi cance of inter-group diff erences is shown in brackets)
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those with normal volumes, respectively (p=0.046). 
73% of the patients with goiter on US were TPOAb+, 
while only 56% of those with normal volume were 
TPOAb+ (p = 0.011) (Figure 3 F).

The prevalence of thyroid nodules was lower in 
TPOAb+ patients (Figure 3 G, p < 0.001) and it was 
negatively correlated with TPOAb levels (p < 0.005, 
r = 0.233). Only 35.5% of patients with nodules were 
TPOAb+, while in those without nodules 71.4% were 
aniTPO+.

The prevalence of GO was lower in TPOAb+ patients 
(Figure 3 H, p = 0.004) and its severity showed a 
negative association with the TPOAb levels (r = 
0.165, p = 0.009). Half of the patients with GO were 
TPOAb+ (53.5%), while in those without GO TPOAb 
were positive in 70.8%. There was no association 
between the disease severity and activity and the 
TPOAb presence or levels.

Patient characteristics according to the presence of TgAb

TgAb were positive in 36.4% of all GD patients (in 
34.4% of the women and in 43.1% of men). Regres-
sion analyses (curve estimation procedure) showed 
correlations of TgAb levels with fT4 (quadratic model, 
R2 = 0.733, p = 0.019), TPOAb levels (linear model, 
R2 = 0.987, p < 0.001), the thyroid volume in ml (lin-
ear model, R2 = 0.698, p = 0.005), the severity of GO 
(quadratic model, R2 = 0.657, p = 0.041) and the num-
ber of cigarettes per day in smokers (linear model, R2 
= 0.836, p = 0.005). TgAb titers were not correlated 
with TSH, fT3, levels of TRAb or activity of GO.

There were signifi cant diff erences in the clinical char-
acteristics between TgAb positive and TgAb negative 
patients. TgAb positive patients were younger (42.3 
versus 46.0 years, p < 0.001), had lower TSH (0.027 
versus 0.089 mUI/l, p = 0.006) and fT4 levels (56.7 

versus 58.8 pmol/l, p < 0.001). In addition they had 
higher levels of TPOAb (281.4 versus 28.48 UI/mL, 
p < 0.001), TRAb (12.82 vs. 7.21 UI/mL, p < 0.001), 
thyroid volume (19 versus 17 ml, p < 0.001).

DISCUSSION

In this cross-sectional study we examined the preva-
lence and clinical correlations of TPOAb and TgAb 
positivity in Graves’ disease. We found that approxi-
mately ⅔ of the patients had positive TPOAb, while 
TgAb were positive in approximately ⅓ only. The an-
tibody positivity followed a pattern of thirds: one ⅓ of 
the patients were only TRAb-positive, while ⅓ had two 
positive antibodies (the one being invariably TRAb), 
and ⅓ – all three positive antibodies. Positive TPOAb 
antibodies were found in younger patients, with higher 
fT4 and TRAb levels, higher thyroid volume and lower 
prevalence of nodules and GO. The positive TgAb 
were also found in patients at younger age, higher thy-
roid volumes, fT4, TRAb and TPOAb levels, as well as 
with lower TSH levels and severity of GO. The same 
trend was seen if these clinical parameters were cor-
related with the number of positive antibodies.

Elevated levels of TPOAb and TgAb are hallmarks of 
the underlying autoimmune disease and are more of-
ten screened for in autoimmune thyroiditis. The prev-
alence of positive TPOAb and TgAb antibodies in the 
setting of GD has been studied in the last 20 years. 
However, advances in immunology have modifi ed 
the laboratory techniques for antibody detection and 
refi ned the search for diff erent epitopes [13, 26-28]. 
This might aff ect the prevalence of antibody positivity 
as well as their predictive power. After all, very little is 
known about the associations of TPOAb and TgAb-
positivity and diff erent characteristics of GD.

(A) patients’ age (p = 0.004); (B) fT4 levels (p = 0.018); (C) TRAb levels (p = 0.001/; (D) TgAb levels (p = 0.001); (E) thyroid volume 
(p = 0.01); (F) prevalence of enlarged volume (p = 0.01); (G) presence of thyroid nodules (p < 0.001); and (H) presence of GO (p = 0.004)

Fig. 3. The diff erences in the hormonal and ultrasound patients’ characteristics according to the TPOAb positivity or negativity are 
shown (the signifi cance of inter-group diff erences is shown in brackets)
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Publications around the millenium have reported dif-
ferent numbers for the prevalence of TPOAb and 
TgAb positivity. S. Goh et al. compared thyroid an-
tibody profi les in patients referred to Thyroid Clinics 
and Eye Clinics: TPOAb was positive in 79.6% and 
43.7%, while TgAb – in 73.2% and 36.7% respec-
tively [8]. D. Khoo et al. found 91.2% TPOAb posi-
tivity in GD and 62.8 % − in GO, while TgAb posi-
tivity was 77.2% and 65.1% [9]. Both author groups 
suggested higher risks for GO in TRAb only positive 
patients. Testing new quantitative measurements 
of autoantibodies J. Gilmour et al. registered 87% 
TPOAb and 73% TgAb positivity in typical GD pa-
tients [4]. In a national study TPOAb were positive in 
86.3% and TgAb – in 43.1% of all GD patients [7]. All 
these studies were of moderate size (with a mean of 
around 100 participants). More recent studies have 
focused mainly on TPOAb positivity, which was found 
in 76.4% of 802 French patients with GD 15; in 7% 
of 111 Omani GD patients [11] and in 56.8% of 44 
patients with subclinical hyperthyroidism due to GD 
[29]. Our data of 64% TPOAb-positivity and 36% 
TgAb positivity show a lower prevalence than those 
in the listed publications. The proportions of patients 
with two or three positive thyroid antibodies were 
not reported separately in the literature. Y. Hu et al. 
studied 49 GD patients and found all three positive 
antibodies in 48.9% which is higher than our result of 
only 33% [30].

A more important question is whether fi nding positive 
TPOAb and/or TgAb in GD can add practical informa-
tion for the clinician. GD patients may be stratifi ed ac-
cording to the number of positive antibodies at disease 
presentation. Those groups would diff er in age, levels 
of FT4 and TRAb, thyroid volume and the presence of 
GO or thyroid nodules. Younger age of patients with 
higher numbers of positive antibodies would suggest a 
more complex immune intolerance. Levels of fT4 and 
thyroid volume could aff ect the dose and schedule of 
antithyroid drug treatment. The presence of nodules is 
crucial for performing FNA and screening for possible 
thyroid malignancies, which are more often encoun-
tered in nodules in the setting of GD [31, 32]. The two 
most important predictions would concern the possible 
future manifestation of GO as well as the probability 
for remission of the GD itself. 

Considered separately TPOAb positivity in our newly 
diagnosed GD patients was, associated with higher 
thyroid volume, fT4 levels and lower prevalence of 
GO and thyroid nodules. Two author groups found 
that absent TPOAb antibodies and high TRAb levels 
identifi ed a group at markedly increased risk of oph-
talmopathy [8, 33, 34]. In a previous work we came 
to a similar conclusion: TPOAb positive GD patients 

rarely developed GO, while TgAb positivity was as-
sociated with an increased risk [17]. A recent study 
in 399 GD patients confi rmed the protective role of 
TPOAb positivity in relation to GO [12]. In this study 
TPOAb < 20 kIU/L and/or TRAb > 6.3 IE/L at the time 
of GD diagnosis were associated with an increased 
risk of developing GO after the diagnosis of GD was 
made [12]. Although the causative eff ect of TPOAb in 
GO might be questionable, there are studies detect-
ing thyroid peroxidase mRNA and protein in the orbit-
al tissue [35]. Our fi nding of a positive association of 
TPOAb levels with serum fT4 is intriguing, but it could 
be also due to a lower type II deiodinase enzyme ac-
tivity [36]. In a study addressing the natural history 
of subclinical hyperthyroidism in GD, positive TPOAb 
were associated with risk of progression to overt hy-
perthyroidism – with hazard ratios from 1.06 to 10.15 
per year [29]. In a histological study higher TPOAb 
levels were correlated with intra-thyroidal germina-
tive center development, suggesting a more aggres-
sive immunological attack [37]. The associations of 
TPOAb with higher thyroid volumes and a lower prev-
alence of nodules still need an explanation. We found 
practically no previous studies addressing these is-
sues. A great contribution of TPOAb positivity would 
be the prediction of the probability for remission (or 
risk of relapse) after successful treatment with ATD. 
There are studies confi rming improved prediction by 
using the combination of TRAb and TPOAb antibod-
ies, especially when TRAb levels remain in the non-
diagnostic “grey” zone [14]. Others found no use of 
TPOAb levels at GD presentation in predicting the 
risk of future relapses [7, 10]. A few authors found 
non-signifi cant trends for higher TPOAb in the pres-
ence of GD relapse [2, 38]. Anyhow, our study per-
formed a cross-section at study presentation and is 
therefore not suited to answer the question about fu-
ture relapses. 

Considering TgAb positivity separately, our observa-
tions were not quite diff erent from those about isolat-
ed TPOAb positivity. Both antibodies were positively 
correlated (r = 0.614; p < 0.005). From a clinician’s 
perspective TgAb are less prevalent and may be less 
useful than TPOAb for prediction of thyroid dysfunc-
tion and the disease course. The role of TgAb has 
been examined with special focus on GO. Thyroglob-
ulin was identifi ed in orbital tissues of patients with 
GO [39]. This is in line with the original hypothesis 
of J.P. Kriss et al. for an ethiological role of TgAb in 
GD presentation and progression [40], which was en-
dorsed by other investigators, as well as recently re-
viewed [20]. Immunization with thyroglobulin induced 
Graves-like disease in mice [41]. Absent TgAb were 
associated with higher prevalence of GO in the hall-
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mark studies by S. Goh et al., and D. Khoo et al. [9, 
33, 34]. In a previous study we came to the opposite 
conclusion – TgAb positivity was associated with an 
increased risk for the presence of GO [17]. Some au-
thors reported a limited usefulness of anti-peroxidase 
and anti-thyrogobulin assays in GD patients and rec-
ommended testing for TPOAb without TgAb as a 
cost-eff ective approach [10]. Others found a place of 
TgAb assays in the diagnosis of GD only if TPOAb 
were negative [13]. TgAb might also be used for the 
prediction of future or expected relapses (respective-
ly at disease presentation and at treatment end). The 
data on that topic are very scarce. A national study 
found that TgAb negativity was predictive for better 
outcomes (no relapse) both at GD presentation and 
treatment end [7]. Therefore, the place of TgAb in GD 
seems to need future clarifi cation.

Our study has some limitations. First we weren’t able 
to determine the biological eff ects of TRAb (stimulat-
ing, blocking or cleavage antibodies) and to assess if 
the type was relevant for the clinical presentation, es-
pecially the presence of GO as previously discussed 
[42]. Finally, our results might be aff ected by the fact 
that the study was performed in a specialized tertiary 
clinic, which might have introduced a bias towards 
more resistant or severe cases.

CONCLUSIONS

The diff erent clinical characteristics of GD patients with 
diff erent thyroid antibody profi les may be due to a varia-
tion in the pathogenesis of the disease itself. It seems 
appropriate to follow the progression of the disease, 
treatment response and complications in patients with 
diff erent antibody profi les. A diff erent approach based 
on the antibody profi les might be suitable.
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