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Chapter 2

SUMMARY

Objective It is claimed that second generation thyrotropinbinding inhibitory 

immunoglobulin (TBII) assays have a very high sensitivity for the diagnosis of Graves’ 

hyperthyroidism (GH).

However, studies evaluating the accuracy of TBII have been retrospective in nature 

and/or GH had not been diagnosed independently of TBII. The aim of the present 

study, therefore, was to prospectively evaluate the frequency and characteristics of 

TBII-seronegative patients in a population of untreated GH diagnosed independent of 

serum TBII. 

Design Prospective multicentre observational study.

Patients A total of 259 consecutive untreated patients with a first episode of GH, 

diagnosed independent of serum TBII. TBII levels were measured by second generation 

assay and correlated to thyroid function, clinical characteristics and exposure to 

environmental factors.

Results Serum TBII was positive in 245 (94.6%) patients and negative (< 2 IU/l) in 14 

(5.4%) patients. TBII-seronegative patients had lower fT4 (median 42.5 vs. 53.9 pmol/l, P 

= 0.02), T3 (median 3.55 vs. 4.90 nmol/l, P < 0.01) and fT3-index (median 4.30 vs. 6.27, 

P < 0.01) compared to TBII-seropositive patients. None of the TBII-seronegative patients 

had TSH-receptor activating mutations, Graves’ orbitopathy or pretibial myxedema. 

Serum TBII was positively correlated to free T3 (fT3)-index and free T4 (fT4)-index (P < 

0.01), goiter size (P < 0.01) and the prevalence of Graves’ orbitopathy (P < 0.01). There 

were no significant differences between TBII-seropositive and TBII-seronegative patients 

in environmental factors. 

Conclusion The prevalence of TBII-seronegativity in untreated patients with GH is 5.4% 

using a second generation assay. TBII-seronegative patients have biochemically less 

severe thyrotoxicosis and no Graves’ orbitopathy. TBII-seronegative and TBII-seropositive 

patients apparently belong to the same population of GH, albeit the severity of the 

autoimmune attack is less in TBII-seronegative patients. 
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INTRODUCTION

Graves’ hyperthyroidism (GH) is caused by stimulating thyrotropin receptor (TSH-R) 

autoantibodies which bind to and activate the TSH-R on thyroid epithelial cells, resulting 

in hyperthyroidism. For, the etiology of GH is multifactorial with various predisposing 

genetic and environmental factors. It has been calculated that 79% of the susceptibility 

to develop GH can be attributed to genetic factors, leaving 21% for environmental 

factors1. Several demographic characteristics and environmental factors are relevant 

in the development of GH including gender, age, cigarette smoking, iodine intake and 

several drugs. For example, the prevalence of GH is 5 to 10 times higher in females than 

in males2, and the median age at diagnosis is lower in females than in males3. In areas 

with sufficient iodine intake, hypothyroidism is more common than in iodine-deficient 

regions4, whereas the overall prevalence of thyrotoxicosis is greater in iodine deficient 

areas5. Iodine intake in The Netherlands is sufficient as appears from measurement of 

urinary iodine concentrations, goiter prevalence and thyroid volumes in different parts of 

The Netherlands6. 

In clinical practice the detection of TSH-R autoantibodies is routinely performed by 

commercially available assays measuring thyrotropin-binding inhibitor immunoglobulins 

(TBII). In 1982 Shewring and Rees Smith7 developed a test for the quantification of 

serum TBII using the ability of the antibodies to inhibit the binding of radiolabelled TSH 

to porcine thyroid membrane extracts. This first generation assay has a low diagnostic 

sensitivity ranging from 70% to 90% in untreated Graves’ patients8,9. Since 2000, a new 

assay has been developed in which the thyroid membrane extracts have been replaced 

by recombinant human TSH receptors8. These commercially available ‘second generation’ 

assays have a much higher sensitivity, ranging between 90% and nearly 100% depending 

on the cut off value used. Costagliola et al.8 found a sensitivity of 98.8% in 86 patients 

with GH using a cut off of 1 IU/l; samples were taken prior to treatment with antithyroid 

drugs or within four weeks after starting treatment. Pedersen et al.10 report sensitivities of 

95.3% and 91.5%  using TBII cutoff levels of  < 1 IU/l and  ≤ 2 IU/l respectively. However, 

many of their patients also had received medication by their general practitioner for a 

short period before blood sampling for TBII measurements was done. Other studies report 

a sensitivity of 98.7% (using a cut off level of < 1.5 IU/l)11 or 97.8% (using a cut off level 

of ≤ 1 IU/l)12. It is important to mention that most studies evaluating TBII measurements 

with second generation assays were retrospectively designed and sometimes included 

patients who already had received antithyroid drugs for a short time. 

Consequently, one may question the diagnostic accuracy of the above mentioned figures 

of second generation TBII assays for GH. First, treatment with antithyroid drugs decreases 

serum TBII concentrations13, which may explain some of the negative results. Second, a 

few patients with absent TBII in serum might have suffered not from GH but from familial 
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nonautoimmune hyperthyroidism. Most importantly, third, the diagnosis of GH was not 

made independent from serum TBII measurements in a prospective study design. 

Supposing there exists a subgroup of TBII-seronegative patients with GH diagnosed 

independently by biochemical and clinical criteria, it is unknown if such TBII-seronegative 

patients form a particular subset of GH patients with a different etiology as will appear 

from differences in clinical characteristics and in exposure to environmental factors3 

compared to TBII-seropositive patients.

Therefore, we decided to perform a prospective observational study in untreated 

patients with GH diagnosed according to a ‘golden standard’ composed of suppressed 

TSH, elevated T3 and/or fT4, diffuse goiter, and a diffuse homogeneous uptake on 

thyroid scintigraphy (99mTc-pertechnetate), independent from serum TBII. We planned 

to perform TSH-R mutation analysis in all TBII-seronegative patients to exclude familiar 

nonautoimmune hyperthyroidism. To investigate if TBII-seronegative patients belong 

to a particular subset of GH, we looked for differences in clinical characteristics and in 

exposure to environmental factors14  between TBII-seronegative and TBII-seropositive 

patients.

SUBJECTS AND METHODS

Subjects

A prospective, multicenter, observational study in 263 consecutive untreated patients 

(69 males and 194 females) with a first episode of Graves’ hyperthyroidism was 

performed. Inclusion criteria were: biochemical hyperthyroidism (TSH < 0.4 mU/l, fT4 

> 23 pmol/l and/or T3 > 2.7 nmol/l) and a diffuse homogeneous uptake on thyroid 

scintigraphy (99mTc-pertechnetate). The following conditions excluded patients from the 

study: relapsed of GH; no written informed consent; no understanding of the Dutch 

language, and serious alcohol or intravenous drugs abuse. Clinical parameters like sex, 

age, body mass index (BMI), goiter size (classification by means of WHO 1960 criteria)15, 

clinical thyrotoxic score (HSS-score)16, the existence of pretibial myxedema and GO were 

recorded. The participants were asked to complete a questionnaire asking about the 

duration of symptoms, use of medication including oestrogens (current-, ex-, and never 

use), smoking habits (current-, ex-, and never smoking; packyears of smoking), exposure 

to iodine excess, pregnancies (births/abortions) and family history for autoimmune 

thyroid diseases. We checked the medical history of affected relative(s) regarding 

the autoimmune nature of their thyroid disease. To exclude familial non-autoimmune 

hyperthyroidism we performed TSH-R mutation analysis in all TBII-seronegative patients.

24

proefschrift Vos.indb   24 28-1-2013   15:17:11



TBII-seronegative patients in untreated Graves’ hyperthyroidism

Chapter

2
The study was approved by the local ethics committee of the Academic Medical Center 

of Amsterdam and the other participating centers and all patients gave written informed 

consent.

Laboratory measurements

Nonfasting venous blood samples were taken for thyroid hormone measurements and 

were stored at -20 °C until assay. Serum triiodothyronine (T3) and thyroxine (T4) were 

measured with in-house radioimmunoassay’s (RIA)17. T3-uptake was determined by a 

no-extraction, solid-phase 125I radioimmunoassay (Coat-A-Count, Diagnostic Products 

Corporation, Los Angeles, USA). FreeT4-index and freeT3-index were calculated by 

multiplying T3-uptake with T4 and T3 respectively. Serum free thyroxine (fT4) was 

assayed by time-resolved fluoroimmunoassay (Delfia, Turku, Finland; upper detection 

limit 70 pmol/l) and thyrotropin (TSH) was determined with a fluoroimmunometric assay 

(Delfia, Turku, Finland; lower detection limit 0.01 mU/l). Autoantibodies against thyroid 

peroxidase (TPO-Ab) were analyzed by a DYNO-anti-TPO assay (B.R.A.H.M.S., Berlin, 

Germany; cut off levels < 30 and > 3000 U/l) (cut off limit for positivity > 60 kU/l). Serum 

TBII was quantitatively determined by a second generation luminescence receptor assay 

(DYNOtest TRAK human assay, B.R.A.H.M.S., Berlin, Germany). We adopted a cut off 

level of ≥ 2 IU/l as positive. Serum TBII values < 1 IU/l were regarded as negative, values 

between 1 and 2 IU/l were regarded as grey-zone.

TSH-receptor mutation analysis

Genomic DNA was isolated from peripheral blood leucocytes using the MagNA Pure 

apparatus and the MagNA Pure LC DNA Isolation Kit (Roche Biochemicals) accord-

ing to the manufacturer’s protocol. Genomic amplicons encompassing exons 7, 9 

and 10 of the TSH-R gene were obtained by polymerase chain reaction (PCR) using 

the TGradient Thermocycler (Biometra, Göttingen, Germany). Primer pairs were 

designed for exons 7, 9 and 10 in which exon 10 was subdivided into four parts (exon 

7: forward TGTAAAACGACGGCCAGTGCACCACTTCTCACCAGTCA and reverse 

CAGGAAACAGCTATGACCCCCCATTGGATGGTTCTTAG; exon 9: forward TGTAAAAC-

GACGGCCAGTGTTTGAGTTTCTGGCCAAGG and reverse CAGGAAACAGCTA 

TGACCTTCCACTTCCACCAAGGTCT; exon 10.1: forward TGTAAAACGACGGCCAGTGGCT-

CAAGCAATCCACCTG and reverse CAGGAAACAGCTATGACCCTTGGGGGTACACACCA 

TGT; exon 10.2: forward TGTAAAACGACGGCCAGTCACCATATGTGGGGACAGTG and 

reverse CAGGAAACAGCTATGACCGTGCCTGAGGCGGATCTT; exon 10.3: forward 

TGTAAAACGACGGCCAGTTGGTATGCCATCACCTTCG and reverse CAGGAAACAGCTAT-

GACCTGGCACAGGAGTTAAGTGGA; exon 10.4: forward TGTAAAACGACGGCCAGTTGAACAAG 

CCTCTCATCACTG and reverse CAGGAAACAGCTATGACCAGCTATGTGTTGGGGGTGTC). 

The PCR reaction was performed in a volume of 50 µl containing 1.5 mM MgCl2, 0.5 
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mM dNTP’s, 50 ng genomic DNA, 0.2 µM of each primer and 1.5 U AmpliTaq Gold DNA 

polymerase (Applied Biosystems, Foster City, USA). The PCR products were separated 

by a 2% agarose gel electrophoresis and identified by ethidium bromide staining. The 

same primers were used for PCR amplification and sequencing. Cyclic sequencing 

reactions were performed using BigDye Terminator v1.1 Cycle Sequencing Kit (Applied 

Biosystems, Foster City, USA), and the sequencing products purified using Agencourt 

CleanSEQ kit (GC Biotech, Schiedam, the Netherlands). Sequencing was performed using 

the Hitachi 3730 DNA analyzer (Applied Biosystems, Foster City, USA). Sequence analysis 

of all known activating TSH-R mutations was done using the Sequencing Analysis 5.1 en 

CodonCode Aligner 5.2.1 programs.

Statistical analysis

Differences in clinical and environmental characteristics and thyroid function between 

TBII-seronegative and TBII-seropositive groups were described and tested using chi-square 

and nonparametric tests if appropriate. In case of assay values under the detection limit, 

a value of half the detection limit was used in the statistical analysis (TBII 0.05 IU/l; 

TPO-Ab 15 kU/l and TSH 0.005 mU/l). For values above assay linearity we used the upper 

limits plus one for analysis (fT4 71 pmol/l and TPO-Ab 3001 U/l). Correlation coefficients 

(r) between serum TBII and thyroid hormones were calculated by Spearman’s rank-order 

correlation. Relationship between TBII-groups and Graves’ orbitopathy was assessed by 

logistic regression. Trend analysis between serum TBII-groups and freeT4-index, freeT3-

index or goiter size were performed using Kruskal Wallis and Jonckheere-Terpstra tests. P 

< 0.05 indicated statistical significance. All statistical analyses were carried out using the 

SPSS statistical package for Windows, version 12.0.2 (SPSS Inc., Chicago, IL, USA).

RESULTS

We included 263 consecutive untreated patients with a first episode of Graves’ 

hyperthyroidism. Four patients (one male and three females) were excluded because no 

serum TBII was measured before the start of block and replacement therapy. Among the 

remaining 259 participants serum TBII was positive (≥ 2 IU/l) in 245 patients (94.6%) and 

negative (< 2 IU/l) in 14 patients (5.4%); 9 patients (3.7%) had a serum TBII below the 

detection limit of 1 IU/l. None of TBII-seronegative patients had an activating mutation 

in exon 7, 9 or 10 of the TSH-R using the TSH Receptor Database II as reference (http://

innere.uniklinikum-leipzig.de/tsh/). 

TBII-seronegative patients had a lower serum fT4 (P = 0.02), T3 (P < 0.01) and freeT3-

index (P < 0.01) than TBII-seropositive patients (Table 1). No significant differences were 

found for serum TSH, T4, freeT4-index and TPO-Ab between both groups. A positive 
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correlation existed between serum TBII and freeT3-index (r = 0.49, P < 0.01) or freeT4-

index (r = 0.38, P < 0.01) (Figure 1). The same observation was found when patients 

were grouped according to increasing serum TBII (P < 0.01 for trend) (Figure 2).

Table 1. Comparison of thyroid function and thyroid autoantibodies between TBII-seronegative and 
TBII-seropositive patients with untreated Graves’ hyperthyroidism.

Laboratory test TBII < 2 IU/l (N = 14) TBII ≥ 2 IU/l (N = 245) P Value

TBII (IU/l) < 1.0 (< 1.0 - 1.4) 9.7 (5.5 - 19.2) < 0.01

TSH (mU/l) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) 0.61

T3 (nmol/l) 3.55 (2.61 - 4.20) 4.90 (3.60 - 6.25) < 0.01

freeT3-index 4.30 (3.47 - 4.58) 6.27 (4.71 - 8.83) < 0.01

fT4 (pmol/l) 42.5 (26.8 - 56.8) 53.9 (38.4 - > 70.0) 0.02

T4 (nmol/l) 220 (175 - 260) 238 (190 - 300) 0.21

freeT4-index 274 (229 - 314) 320 (246 - 419) 0.10

TPO-Ab (kU/l) 160 (< 30 - 1022) 485 (50 - 2840) 0.08

Values are given as median +  interquartile range (range between the 25th and the 75th percentiles)

Figure 1: Correlation between 
serum TBII and thyroid hormones 
in untreated patients with Graves’ 
hyperthyroidism.
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Figure 2: Serum freeT4-index and 
freeT3-index as a function of serum 
TBII (P value for trend). Values are 
given as median +  interquartile 
range (range between the 25th and 
the 75th percentiles) 

With regard to clinical characteristics, no significant differences were found in sex, 

age, body mass index (BMI), duration of symptoms, HSS-score and the prevalence of 

pretibial myxedema (Table 2). None of the TBII-seronegative patients had clinical Graves’ 

orbitopathy compared to 48 patients (20%) in the TBII-seropositive group (P = 0.07) (Table 

2). The prevalence of Graves’ orbitopathy strongly increased with increasing groups for 

serum TBII-autoantibodies (odds ratio 1.63, 95%CI 1.19 to 2.22, P < 0.01) (Figure 3). No 

difference in goiter size existed between TBII-seronegative and TBII-seropositive patients. 

If patients were grouped according to increasing serum TBII, a positive correlation was 

found between serum TBII and goiter size (P < 0.01 for trend) (Figure 4).

There were no differences between TBII-seropositive and TBII-seronegative patients with 

respect to smoking behavior, exposure to iodine excess, oral contraceptive use or abortion 

and pregnancies rates (Table 3). No patients were pregnant at the time of diagnosis.
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Table 2. Comparison of clinical characteristics between TBII-seronegative and TBII-seropositive 
patients with untreated Graves’ hyperthyroidism.

Clinical characteristics TBII < 2 IU/l (N = 14) TBII ≥ 2 IU/l (N = 245) P Value

Sex M/F (% Male) 4/10 (29%) 64/181 (26%) 0.84

Age (years) 43 (30 - 51) 43 (32 - 51) 0.87

Positive Fam. History 29 % 44 % 0.53

BMI (kg/m²) 24.4 (22.0 - 28.4) 22.7 (20.6 - 25.4) 0.09

Duration of Symptoms (months) 2 (2 - 6) 4 (2 - 7) 0.20

HSS-score* 12 (8 - 20) 14 (9 - 20) 0.42

Goitersize 0.73

      0 77 % 63 %

      I 15 % 19 %

      II 8 % 14 %

      III 0 % 4 %

Graves’ orbitopathy 0 % 20 % 0.07

Pretibial myxedema 0 % 5 % 0.40

* Hyperthyroid symptom scale: Symptom rating scale for assessing hyperthyroidism ranging from 0 
to 40 points (ref. 16).
Values for age, BMI, duration of symptoms and HSS-score are given as median +  interquartile range 
(range between the 25th and the 75th percentiles).

Figure 3: Prevalence of Graves’ 
orbitopathy as a function of serum TBII 
(odds ratio 1.63, 95% CI 1.19 to 2.22, 
P < 0.01).
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DISCUSSION

In this prospective observational study in 259 untreated patients with a first episode of 

Graves’ hyperthyroidism the frequency of TBII-seronegativity (TBII < 2 IU/l) was 5.4% 

using a second generation assay. This is in broad accordance with previously published 

studies reporting sensitivities for the diagnosis of Graves’ hyperthyroidism of 91.5% to 

Table 3. Comparison of some environmental factors between TBII-seronegative and TBII-seropositive 
patients with untreated Graves’ hyperthyroidism.

Environmental characteristics TBII < 2 IU/l (N = 14) TBII ≥ 2 IU/l (N = 245) P Value

Smoking 0.33

      Current smokers 29 % 38 %

      Ex-smokers 14 % 27 %

      Never smokers 57 % 35 %

Packyears

      Current smokers 12.5 (5.8 - 32.0) 13.0 (5.0 - 26.0) 0.87

      Ex-smokers 1.8 (1.0 - 2.7) 7.0 (1.0 - 17.8) 0.31

Iodine excess 0 % 4 % 0.60

Oral contraceptives 0.18

      Current users 55 % 30 %

      Ex-users 45 % 54 %

      Never users 0 % 16 %

Pregnancies

      Ever pregnant (incl. abortion) 60 % 65 % 0.78

      Abortions 30 % 24 % 0.25

      Full-term pregnancies 50 % 59 % 0.68

Values for packyears are given as median +  interquartile range (range between the 25th and the 
75th percentiles)

Figure 4: Goiter size as a function 
of serum TBII (goiter size grade 0 
= thyroid not or distinctly palpable 
but usually not visible with head in 
a normal or raised position; grade I 
= thyroid easily palpable and visible 
with the head in either a normal or 
raised position; grade II = thyroid 
easily visible with the head in a 
normal position; grade III = goiter 
visible at a distance) (P < 0.01 for 
trend).<2 ≥2 - 10 >10 - 20 >20 - 40 >40
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nearly 100% depending on the cut off value used8;10-12;18-21. However, none of these 

previous studies was prospectively designed in untreated patients in whom GH had been 

diagnosed by prespecified criteria independent of serum TBII. We therefore, feel quite 

confident that all our patients have GH, especially because familiar nonautoimmune 

hyperthyroidism due to activating TSH-R mutations was ruled out in all TBII-seronegative 

patients. 

The second main finding of our study is that TBII-seronegative patients presented with 

biochemically less severe thyrotoxicosis compared to TBII-seropositive patients. Indeed 

there was a direct correlation between serum TBII with both freeT3-index and freeT4-

index in all patients. 

In line with the less severe thyrotoxicosis are certain clinical characteristics of our 

TBII-seronegative patients: none of them had Graves’ orbitopathy or pretibial myxedema. 

We observed increasing goiter size with increasing serum TBII concentrations. In 

concordance with our findings is a previous study by Mukuta et al.22 showing that 

untreated patients with GH and negative serum TBII (using the less sensitive first-generation 

assay) had lower levels of serum thyroid hormones, lower radioiodine thyroidal uptake 

and smaller thyroid volumes compared to TBII-seropositive patients. Furthermore, we 

found a strong relationship between serum TBII concentrations and the prevalence of 

Graves’ orbitopathy. The absence of Graves’ orbitopathy in our TBII-seronegative patients 

is in agreement with a number of clinical studies demonstrating a positive correlation 

between TSH receptor antibodies and the clinical expression of Graves’ orbitopathy23-26. 

Along the same line the absence of pretibial myxedema in our TBII-seronegative patients 

can be understood: pretibial myxedema occurs almost exclusively in patients with the 

most severe expression of Graves’ disease associated with very high serum TBII levels27. 

In pretibial myxedema, and with that in Graves’ orbitopathy, TBII presumably are involved 

in the pathogenesis of these extrathyroidal manifestations of Graves’ disease by binding 

to TSH receptors expressed on fibroblasts28;29.

The third finding of our study is that TBII-seronegative and TBII-seropositive patients 

did not differ from each other in terms of demographic characteristics (sex and age) 

or exposure to environmental factors implicated in the pathogenesis of GH (smoking 

behavior, iodine excess, estrogen use, pregnancy). Consequently, there is no reason 

to assume that TBII-seronegative patients with GH form a particular subset of Graves’ 

disease patients with possibly a different etiology: they just have a milder expression 

of Graves’ disease. Therefore we conclude that TBII-seronegative and TBII-seropositive 

patients belong to one and the same population of patients with GH.

One may raise the question why TBII-seronegative patients, despite being bona fide 

cases of GH, do exist because TSH receptor stimulating antibodies are the prerequisite to 

develop hyperthyroidism. Several explanations can be given. One is that the sensitivity of 

even second generation TBII assays is still too low to pick up minute amounts of antibodies. 

In this respect it is noteworthy to mention old studies employing cytochemical bioassays 
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for serum TSH and TSH receptor antibodies based on the enzymatic response in thyroid 

tissue; the sensitivity of these bioassays30 is at least one order of magnitude greater than 

current assays. The second explanation is that production of TSH receptor antibodies 

is confined to the thyroid gland and adjacent lymph nodes, still without spill-over of 

antibodies into the circulation. Indeed, lymphocytes isolated from the thyroid gland of a 

patient with autoimmune thyroiditis without thyroid autoantibodies in serum, did produce 

multiple antithyroid autoantibodies indicating that autoimmune thyroiditis can exist as 

an organ-restricted autoimmune disorder31. Interthyroidal lymphoid follicles contain all 

elements needed to drive the autoimmune response, and their microenvironment may 

favor the expansion and perpetuation of autoimmune response32. These considerations 

underline the message of our paper for the practicing physicians: the absence of TBII 

in serum, also when measured with second generation assays, does not exclude the 

diagnosis of Graves’ hyperthyroidism.

ACKNOWLEDGMENTS

We gratefully thank the participating physicians for their collaboration in this study: Dr 

A.B. Arntzenius, Dr C.B. Brouwer, Dr J. Derksen, Dr M.J.M. Diekman, Dr V.E.A. Gerdes, 

Dr M.N. Gerding, Dr W.E. de Graaff, Dr R. Heijligenberg and Dr A.F. Muller. We would like 

to thank Ms E.M. Johannesma for all laboratory measurements and Ms J.S.E. Randamie 

for her technical assistance with the TSH-R mutation analysis.

32

proefschrift Vos.indb   32 28-1-2013   15:17:15



TBII-seronegative patients in untreated Graves’ hyperthyroidism

Chapter

2
REFERENCES

 1.  Brix TH, Kyvik KO, Christensen K, Hegedus L. 
Evidence for a Major Role of Heredity in Graves’ 
Disease: A Population-Based Study of Two Danish 
Twin Cohorts. J Clin Endocrinol Metab 2001; 86: 
930-934.

 2.  Vanderpump MP, Tunbridge WM, French JM 
et al. The incidence of thyroid disorders in the 
community: a twenty-year follow-up of the 
Whickham Survey. Clin.Endocrinol (Oxf) 1995; 43: 
55-68.

 3.  Manji N, Carr-Smith JD, Boelaert K et al. Influences 
of Age, Gender, Smoking, and Family History on 
Autoimmune Thyroid Disease Phenotype. J Clin 
Endocrinol Metab 2006; 91: 4873-4880.

 4.  Laurberg P, Pedersen KM, Hreidarsson A, Sigfusson 
N, Iversen E, & Knudsen PR Iodine Intake and 
the Pattern of Thyroid Disorders: A Comparative 
Epidemiological Study of Thyroid Abnormalities in 
the Elderly in Iceland and in Jutland, Denmark. J Clin 
Endocrinol Metab 1998; 83: 765-769.

 5.  Laurberg P, Nohr SB, Pedersen KM, et al. Thyroid 
disorders in mild iodine deficiency. Thyroid 2000; 
10: 951-963.

 6.  Wiersinga WM, Podoba J, Srbecky M, van Vessem 
M, van Beeren HC, Platvoet-Ter Schiphorst MC 
A survey of iodine intake and thyroid volume in 
Dutch schoolchildren: reference values in an iodine-
sufficient area and the effect of puberty. Eur J 
Endocrinol 2000; 144: 595-603.

 7.  Shewring G, Smith BR An improved radioreceptor 
assay for TSH receptor antibodies. Clin Endocrinol 
(Oxf) 1982; 7: 409-417.

 8.  Costagliola S, Morgenthaler NG, Hoermann R et al. 
Second Generation Assay for Thyrotropin Receptor 
Antibodies Has Superior Diagnostic Sensitivity for 
Graves’ Disease. J Clin Endocrinol Metab 1999; 84: 
90-97.

 9.  Massart C, Hody B, Mouchel L, Edan G, Nicol 
M Assays for thyrotropin-receptor binding and 
thyroid-stimulating antibodies in sera from patients 
with Graves’ disease. Clinical Chemistry 1986; 32: 
1332-1335.

 10.  Pedersen IB, Knudsen N, Perrild H, Ovesen L, 
Laurberg P TSH-receptor antibody measurement 
for differentiation of hyperthyroidism into Graves’ 
disease and multinodular toxic goitre: a comparison 
of two competitive binding assays. Clin Endocrinol 
(Oxf) 2001; 55: 381-390.

 11.  Paunkovic J, Paunkovic N Does autoantibody-
negative Graves’ disease exist? A second evaluation 
of the clinical diagnosis. Horm Metab Res 2006; 
38: 53-56.

 12.  Giovanella L, Ceriani L, Garancini S Clinical 
applications of the 2nd generation assay for 
anti-TSH receptor antibodies in Graves’ disease. 
Evaluation in patients with negative 1st generation 
test. Clin Chem Lab Med 2001; 39: 25-28.

 13.  Torring O, Tallstedt L, Wallin G et al. Graves’ 
hyperthyroidism: treatment with antithyroid drugs, 
surgery, or radioiodine--a prospective, randomized 
study. Thyroid Study Group. J Clin Endocrinol 
Metab 1996; 81: 2986-2993.

 14.  Prummel MF, Strieder T, Wiersinga WM The 
environment and autoimmune thyroid diseases. 
Eur J Endocrinol 2004; 150: 605-618.

15.  Perez C, Scrimshaw NS, Munoz JA Technique of 
endemic goitre surveys. Monogr Ser World Health 
Organ 1960; 44: 369-383.

 16.  Klein I, Trzepacz PT, Roberts M, Levey GS Symptom 
rating scale for assessing hyperthyroidism. Archives 
of Internal Medicine 1988; 148: 387-390.

 17.  Wiersinga WM, Chopra IJ Radioimmunoassay 
of thyroxine (T4), 3,5,3’-triiodothyronine (T3), 
3,3’,5’-triiodothyronine (reverse T3, rT3), and 
3,3’-diiodothyronine (T2). Methods Enzymol 1982; 
84: 272-303.

 18.  Carella C, Mazziotti G, Sorvillo F et al. Serum 
Thyrotropin Receptor Antibodies Concentrations 
in Patients with Graves’ Disease Before, at the 
End of Methimazole Treatment, and After 
Drug Withdrawal: Evidence That the Activity of 
Thyrotropin Receptor Antibody and/or Thyroid 
Response Modify During the Observation Period. 
Thyroid 2006; 16: 295-302.

 19.  Maugendre D, Massart C Clinical value of a new 
TSH binding inihibitory activity assay using human 
TSH receptors in the follow-up of antithyroid drug 
treated Graves’ disease. Comparison with thyroid 
stimulating antibody bioassay. Clin Endocrinol 
(Oxf) 2001; 54: 89-96.

 20.  Schott M, Feldkamp J, Bathan C, Fritzen R, 
Scherbaum WA, Seissler J Detecting TSH-receptor 
antibodies with the recombinant TBII assay: 
technical and clinical evaluation. Horm Metab Res 
2000; 32: 429-435.

 21.  Villalta D, Orunesu E, Tozzoli R, Montagna P, Pesce 
G, Bizzaro N, Bagnasco M Analytical and diagnostic 
accuracy of “second generation” assays for 
thyrotrophin receptor antibodies with radioactive 
and chemiluminescent tracers. J Clin Pathol 2004; 
57: 378-382.

33

proefschrift Vos.indb   33 28-1-2013   15:17:15



Chapter 2

 22.  Mukuta T, Tamai H, Oshima A et al. Immunological 
findings and thyroid function of untreated Graves’ 
disease patients with undetectable TSH-binding 
inhibitor immunoglobulin. Clin Endocrinol (Oxf) 
1994; 40: 215-219.

 23.  Eckstein AK, Plicht M, Lax H et al. Thyrotropin 
Receptor Autoantibodies Are Independent Risk 
Factors for Graves’ Ophthalmopathy and Help to 
Predict Severity and Outcome of the Disease. J Clin 
Endocrinol Metab 2006; 91: 3464-3470.

 24.  Gerding MN, van der Meer JWC, Broenink M, 
Bakker O, Wiersinga WM, Prummel MF Association 
of thyrotrophin receptor antibodies with the 
clinical features of Graves’ ophthalmopathy. Clin 
Endocrinol (Oxf) 2000; 52: 267-271.

 25.  Khoo DH, Ho SC, Seah LL et al. The combination 
of absent thyroid peroxidase antibodies and 
high thyroid-stimulating immunoglobulin levels 
in Graves’ disease identifies a group at markedly 
increased risk of ophthalmopathy. Thyroid 1999; 9: 
1175-1180.

 26.  Noh JY, Hamada N, Inoue Y, Abe Y, Ito K, Ito K 
Thyroid-stimulating antibody is related to Graves’ 
ophthalmopathy, but thyrotropin-binding inhibitor 
immunoglobulin is related to hyperthyroidism in 
patients with Graves’ disease. Thyroid 2000; 10: 
809-813.

 27.  Fatourechi V Pretibial myxedema: pathophysiology 
and treatment options. Am J Clin Dermatol 2005; 
6: 295-309.

 28.  Stadlmayr W, Spitzweg C, Bichlmair AM, Heufelder 
AE TSH receptor transcripts and TSH receptor-like 
immunoreactivity in orbital and pretibial fibroblasts 
of patients with Graves’ ophthalmopathy and 
pretibial myxedema. Thyroid 1997; 7: 3-12.

 29.  Wu SL, Chang TC, Chang TJ, Kuo YF, Hsiao YL, 
Chang CC Cloning and sequencing of complete 
thyrotropin receptor transcripts in pretibial 
fibroblast culture cells. J Endocrinol Invest 1996; 
19: 365-370.

 30.  Bitensky L, Aghband-Zadeh J, Chayen J Studies on 
thyroid stimulating hormone and the long-acting 
thyroid stimulating hormone. Clin Endocrinol (Oxf) 
1974; 3: 363-374.

 31.  Baker Jr. JR, Saunders NB, Wartofsky L, Tseng YC, 
Burman KD Seronegative Hashimoto thyroiditis 
with thyroid autoantibody production localized to 
the thyroid. Ann Intern Med 1988; 108: 26-30.

 32.  Armengol MP, Juan M, Lucas-Martin A et al. 
Thyroid Autoimmune Disease : Demonstration of 
Thyroid Antigen-Specific B Cells and Recombination-
Activating Gene Expression in Chemokine-
Containing Active Intrathyroidal Germinal Centers. 
Am J  Pathol 2001; 159: 861-873.

34

proefschrift Vos.indb   34 28-1-2013   15:17:15


