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1
INTRODUCTION

Graves’ hyperthyroidism is an autoimmune disease characterized by stimulating 

thyrotropin receptor (TSHR) autoantibodies which bind to and activate the TSHR on 

thyroid epithelial cells, resulting in overproduction of thyroid hormones. 

PATHOGENENIS

Autoantibodies to the TSHR are made by thyroid-infiltrating lymphocytes. These 

intrathyroidal inflammatory cells also produce cytokines (interleukin-1, tumor necrosis 

factor α, and interferon-γ) that induce the expression of adhesion molecules (i.e. CD54), 

regulatory molecules (i.e. CD40), and HLA class II molecules on thyroid epithelial cells, 

which in turn activate local inflammatory cells. These cytokines also induce thyrocytes 

to synthesize cytokines that may help sustain the intrathyroidal autoimmune process1 

(Figure 1). Graves’ hyperthyroidism is a multifactorial disease with many predisposing 

Figure 1. Pathogenesis of Graves’ hyperthyroidism (adopted from Weetman AP. N Engl J Med 
2000;343:1236-1248)

9
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genetic and environmental factors. Good quantitative evidence exists that genetic 

factors play an important role in the etiology of Graves’ hyperthyroidism. Twin studies 

show significantly higher probandwise concordance rates in monozygotic twins than in 

dizygotic twins2-4. Using structural equation modeling, the heritability of Graves’ disease 

has been reported to be 79% (95% CI, 38–90%)5. It means the relative impact of 

genetic factors is around 75%; consequently, the relative contribution of environmental 

factors would be around 25%.

ENVIRONMENTAL FACTORS

Smoking

Smoking has been associated with increased risk of developing Graves’ disease6;7 

and especially Graves’ orbitopathy (GO)8. GO manifests more severely in smokers6. 

Mechanisms whereby smoking may negatively affect Graves’ disease, in particular GO, 

are unclear. They may include superoxide radicals generated by smoking (inducing orbital 

fibroblasts to proliferate9), hypoxia (stimulating orbital fibroblasts to proliferate and 

produce glycosaminoglycans10), and nicotine and tar (inducing class II HLA molecule 

expression by orbital fibroblasts in the presence of interferon gamma11).

Stress

Several reports showed an association between stress and Graves’ disease. Since the first 

description by Parry12 of an association between a stressful life event and the occurrence 

of hyperthyroidism in 1825, many studies have reported a greater number of stressful life 

events in the year preceding the diagnosis of Graves’ hyperthyroidism when compared 

with controls13-16.

Iodine

Iodine is necessary for thyroid hormone production. Hyperthyroidism due to multinodular 

goiter (but not Graves’ disease) is more common in iodine-deficient than in iodine-deplete 

areas17. Increasing dietary iodine intake is associated with a (transient) increase in the 

prevalence of Graves’ hyperthyroidism18;19. 

Drugs

Several drugs may provoke Graves’ hyperthyroidism. Iodine excess due to iodine-containing 

drugs (i.e. amiodarone) may precipitate Graves’ hyperthyroidism in susceptible individuals 

with latent Graves’ disease20. Lithium therapy is associated with hypothyroidism and 

goiter but also with Graves’ hyperthyroidism, possibly through the immunologic effects 

of the drug21. High active antiretroviral therapy (HAART) has been associated with 

10
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Graves’ hyperthyroidism, likely related to the induced increase in the number or change in 

the function of CD4+ T cells22. Also interferon alpha treatment for patients with hepatitis 

C infection has been associated with Graves’ hyperthyroidism23.

GENETIC FACTORS

Genes shown to confer susceptibility to Graves’ disease can be divided into thyroid-

specific genes (TSHR, Tg) and immune regulatory genes (HLA, CTLA4, PTPN22, CD40, 

IL2RA, FCRL3). The strongest associated genes will be described below. 

Since anti-TSHR antibodies in serum are the hallmark of Graves’ hyperthyroidism, TSHR 

gene was the most obvious candidate for genetic studies. TSHR gene polymorphisms 

are indeed associated with Graves’ hyperthyroidism. But the strongest associated single 

nuclear polymorphism (SNP) in the TSHR gene differs between Caucasians (intron 1)24-26 

and Asians (intron 7)27. Thyroglobulin (Tg) accounts for approximately 75 - 80% of total 

thyroidal protein and serves as a precursor and veritable storehouse for the thyroid 

hormones T3 and T4. Association of Tg polymorphisms with Graves’ hyperthyroidism 

have been found in some studies28;29 but could not be uniformly replicated30. HLA 

Class II haplotypes DRB1-03, DQA1-05, and DQB1-02 are well documented as being 

associated with an increased risk of developing Graves’ hyperthyroidism in Caucasian 

people31. The HLA class II region is involved in the encoding of many membrane bound 

proteins expressed on the cell surface of B-lymphocytes, macrophages, dendritic cells 

and activated T-cells, which are involved in the presentation of antigens to CD4+ Th cells. 

The DRB1, DQA1 and DQB1 genes, aberrantly expressed on thyroid follicular cells, play 

a major role in maintaining tolerance to self-thyroid antigens. CTLA-4 protein acts as a 

potent negative regulator of T-cell response and both CTLA4-4932;33 and CTLA4-6034;35 

SNP’s are associated with developing Graves’ hyperthyroidism. The PTPN22 C1858T SNP 

is strongly associated with Graves’ hyperthyroidism and is involved in several signalling 

pathways associated with the immune response36;37. CD40, expressed on B-cells and 

other antigen presenting cells (APC), plays an elementary role both in B-cell activation 

and antibody secretion. CD40 expression has been documented on thyroid follicular 

cells and thyroid fibroblasts and is up-regulated in thyroid tissues from Graves’ disease 

patients38. Recent meta-analysis has shown that an association between Graves’ 

hyperthyroidism and CD40 polymorphisms exists, especially in Asians39. CD25 which 

plays a major role for the IL-2-receptor pathway in the development and function of T 

cells in the control of autoimmunity is associated with Graves’ disease40. FCRL3 gene 

encodes a member of the immunoglobulin receptor superfamily. The encoded protein 

may play a role in regulation of the immune system. Available data suggest that FCRL3 

polymorphisms are associated with susceptibility for Graves’ hyperthyroidism. However, 

the primarily associated variant(s) remain(s) to be found41. In conclusion, there is much 

11
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evidence for the association of particular polymorphisms in relation to susceptibility to 

Graves’ disease. However, studies show sometimes discrepant results, possibly because 

they are performed in different ethnic groups. 

CLINICAL PRESENTATION

The clinical presentation of Graves’ disease is diverse. Biochemical severity and the age of 

the patient determine to some extent the manifestations of hyperthyroidism. The most 

common symptoms are nervousness, sweating, tremor, weakness, rapid heartbeat or 

palpitations, diarrhea, heat intolerance, and weight loss. With increasing age, weight 

loss and decreased appetite become more common, whereas irritability and heat 

intolerance are less common42. Cardiac manifestations like atrial fibrillation are rare in 

patients who are younger than 50 years old but occur more often in older patients. 

Graves’ orbitopathy (mostly mild forms) is clinically apparent in 30 – 50% of patients with 

Graves’ hyperthyroidism (Figure 2), but it is detected in 80% of patients who undergo 

assessment by means of orbital imaging43. Pretibial myxedema is another manifestation 

of Graves’ disease occurring in about 5% of patients. 

Figure 2. Left panel Graves’ orbitopathy. Right 
panel large goiter size caused by Graves’ disease.

12
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The annual incidence of Graves’ hyperthyroidism is around 0.5 per 1000 subjects per 

year with the highest risk of onset at middle age, although the disease can occur at any 

age. The female-to-male ratio is between 5:1 and 10:1 and the median age at diagnosis 

is lower in females than in males1;44. The prevalence of Graves’ hyperthyroidism is similar 

among whites and Asians, but lower among blacks1. 

The diagnosis of Graves’ hyperthyroidism is based on clinical and laboratory findings. 

Decreased serum TSH and increased serum free thyroxine (fT4) and/or triiodothyronine 

confirm the diagnosis of thyrotoxicosis. Presence of diffuse goiter (Figure 2), orbitopathy 

or pretibial myxedema indicates Graves’ disease as the cause of thyrotoxicosis. When 

such clinical manifestations are absent, a diffuse homogeneous uptake on thyroid 

scintigraphy and the presence of TSHR autoantibodies may confirm the diagnosis Graves’ 

hyperthyroidism. 

Treatment options of Graves’ hyperthyroidism are antithyroid drugs, radioiodine 

therapy, or surgery. All three modalities have advantages and disadvantages (Table 1). 

The therapeutic goal of radioiodine therapy and surgery is usually to make the patient 

hypothyroid, necessitating lifelong thyroid hormone replacement. Antithyroid drugs 

Table 1. Advantages and Disadvantages of Current Treatment Modalities for Graves’ Hyperthyroidism48

Treatment Advantages and preferences Disadvantages

Radioactive iodine 
ablation

- Definitive treatment
- May be preferred for patients 

with increased surgical risk.

- Requires lifelong thyroid 
hormone replacement.

- Risk of worsening Graves’ 
orbitopathy in patients with 
active disease.

Thyroidectomy - Definitive treatment and rapid 
resolution of hyperthyroidism.

- Preferred in patients 
with documented 
or suspected thyroid 
malignancy or coexisting 
hyperparathyroidism requiring 
surgery.

- Simplifies management of 
future pregnancy.

- Preferred in patients with 
moderate to severe active 
Graves’ orbitopathy.

- Inherent surgical risks
- Requires lifelong thyroid 

hormone replacement (total 
thyroidectomy).

Antithyroid drugs - May induce remission
- May be preferred for patients 

with increased surgical risk, 
necks previously operated 
upon, or limited life 
expectancy.

- Preferred in patients with 
moderate to severe active 
Graves’ orbitopathy.

- Potential serious side effects 
of hepatic dysfunction and 
agranulocytosis.

- Need for continued 
monitoring of thyroid 
hormone levels.

- Possibility of disease 
recurrence.

13
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can be given either in a titration regimen, or as a block and replace regimen (BRT) in 

which a stable dose of methimazole blocks thyroid hormone production and thyroxine 

is added to prevent hypothyroidism. Antithyroid drug regimens are generally given for a 

limited period of time (1 – 2 years) because of potentially serious side effects including 

agranulocytosis and hepatotoxity. About 30 – 50% of patients experience recurrent 

hyperthyroidism after withdrawal of antithyroid drugs, finally requiring definitive 

treatment with either thyroidectomy or radioiodine therapy45-47. 

AIM OF THE THESIS

Although much is known about Graves’ disease, several issues regarding pathogenesis, 

diagnosis and best therapeutic approach are still unclarified. 

The evidence that environmental stimuli like exposure to stress, cigarette smoke, 

iodine excess, and several drugs may provoke Graves’ hyperthyroidism in genetically 

susceptible subjects is rather good, but the quantitative relation between the exposure to 

environmental stressors and the severity of the provoked thyrotoxicosis has scarcely been 

studied. An increasing number of gene polymorphisms are found to be associated with 

Graves’ hyperthyroidism. Nevertheless, little is known whether specific genotypes are 

associated with differences in clinical presentation of Graves’ hyperthyroidism. 

With regard to the diagnosis of Graves’ hyperthyroidism in clinical practice, the assay 

of serum TSH-R autoantibodies is routinely performed by commercially available kits 

measuring thyrotropin-binding inhibitor immunoglobulins (TBII). Companies producing 

these assays claim to reach a sensitivity of nearly 100%, but available studies lack a 

‘golden standard’ (not involving TBII) against which the diagnosis accuracy of TBII can 

be evaluated. 

Finally, with regard to treatment there is a great geographical variability in the preference 

for each of the three types of treatment for a first episode of Graves’ hyperthyroidism49. 

Uncertainty about the chance of remission after a course of antithyroid drugs might play 

a role in this respect.

To clarify some of these issues we collected a cohort of 263 consecutive untreated 

patients (69 males and 194 females) with a first episode of Graves’ hyperthyroidism, who 

were all treated for one year with antithyroid drugs (block and replace regimen), and 

followed up for two years after withdrawal of antithyroid drugs.  

In chapter 2 the sensitivity of a 2nd generation TBII assay for the diagnosis of Graves’ 

hyperthyroidism was determined in our population of patients with Graves’ hyperthyroidism, 

diagnosed according to a ‘golden standard’ composed of suppressed serum TSH, 

elevated fT4 and/or T3, and a diffuse homogeneous uptake on thyroid scintigraphy 

(99mTc-pertechnetate). TSH-R mutation analysis was performed in TBII-seronegative 

14
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patients to exclude familiar non-autoimmune hyperthyroidism. Differences in clinical 

characteristics and in exposure to environmental factors between TBII-seronegative 

and TBII-seropositive patients were assessed to investigate if TBII-seronegative patients 

belong to a particular subset of Graves’ hyperthyroidism. 

Chapter 3: Age has consistently been observed as a significant modulating factor, 

advancing age being associated with less severe Graves’ hyperthyroidism44;50;51. 

Nevertheless, the mechanism behind less severe Graves’ hyperthyroidism in the older 

age groups is incompletely understood. Advancing age is associated with a decrease 

in self-reported stress (recent life events and daily hassles)52;53. It has been shown that 

psychological stress has a differential effect on immune responses, suppressing cellular 

and potentiating humoral immunity54. In chapter 3 we tested our hypothesis that 

advancing age is associated with less exposure to stress, resulting in lower production of 

TSH receptor antibodies and thereby less severe Graves’ hyperthyroidism. 

Chapter 4: Possibly as a consequence of the multifactorial etiology of Graves’ 

hyperthyroidism, there is marked variation in phenotypic appearance (as judged from 

differences in severity of hyperthyroidism, presence of Graves’ orbitopathy or pretibial 

myxedema, and goiter size). Sometimes patients present themselves after a very 

short time of thyrotoxic complaints. In our experience these patients have frequently 

severe Graves’ hyperthyroidism and respond remarkably fast to antithyroid drugs. We 

hypothesized that a short duration of thyrotoxic symptoms until diagnosis is related to 

more severe Graves’ hyperthyroidism. It is well known that autoimmune thyroid disease 

(AITD) clusters in families. In view of genetic anticipation [a phenomenon whereby the 

symptoms of a genetic disorder become apparent at an earlier age as it is passed on 

to the next generation], we hypothesized that Graves’ hyperthyroidism develops at a 

younger age in patients with a positive family history for AITD compared to patients with 

a negative family history. Both hypotheses were tested. 

Elaborating on the multifactorial etiology of Graves’ hyperthyroidism, genetic 

polymorphisms and environmental factors are both involved in the pathogenesis of 

Graves’ hyperthyroidism. However, their interaction and effect on Graves’ phenotypes 

have scarcely been investigated. In chapter 5 we tested our hypothesis that subjects 

with susceptibility genotypes develop more severe Graves’ hyperthyroidism at a younger 

age and after lower exposure to environmental factors. Special attention was given to 

possible differences in gender: in view of the strong female preponderance in AITD, the 

development of Graves’ disease in males might require a much heavier load of either 

susceptibility genes or exposure to environmental factors. 

Treatment options of Graves’ hyperthyroidism are antithyroid drugs, radioiodine therapy, 

or surgery. Treatment is best tailored to the needs of individual patients, taking into 

account co-morbidities and personal preferences. A rather accurate estimate of the 

likelihood of remission after a course of antithyroid drugs would be very relevant for 

selecting a particular treatment.  In chapter 6 we determined clinical and genetic markers 

15
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that are independently associated with recurrence after antithyroid drug therapy, and 

constructed a prediction model to calculate risk of recurrence after a course of antithyroid 

drugs, based on clinical and genetic parameters prior to the start of treatment.

16
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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
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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.

<2 ≥ 2 - 10 >10 - 20 >20 - 40 >40

200

300

400

500

600 P < 0.01

TBII (IU/l)

fr
ee

T4
-in

de
x

<2 ≥2 - 10 >10 - 20 >20 - 40 >40
2.5

7.5

12.5

17.5
P < 0.01

TBII (IU/l)

fr
ee

T3
-in

de
x

28

proefschrift Vos.indb   28 28-1-2013   15:17:13



TBII-seronegative patients in untreated Graves’ hyperthyroidism

Chapter

2
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.
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SUMMARY

Objective The evidence that stress may provoke Graves’ hyperthyroidism in genetically 

susceptible subjects is substantial. Whether exposure to stress is related to the severity 

of thyrotoxicosis has not been studied. Advancing age is associated with less severe 

Graves’ hyperthyroidism but also with self-reported stress. We tested the hypothesis 

whether advancing age is associated with less exposure to stress, resulting in a lower 

immunological response and less severe Graves’ hyperthyroidism. 

Design Cross-sectional multicenter study.

Patients Two hundred and sixty-three consecutive untreated patients with a first 

episode of Graves’ hyperthyroidism were included. Severity of Graves’ hyperthyroidism 

was evaluated biochemically (freeT4-index and freeT3-index, thyrotropin-binding 

inhibitory immunoglobulin (TBII)) and clinically by the Hyperthyroid Symptom Scale-score 

(HSS-score). Stress exposure was quantitated by three questionnaires. 

Results Advancing age was associated with less severe Graves’ hyperthyroidism, both 

biochemically by lower serum freeT3-index and freeT4-index (P < 0.01), lower serum TBII 

(P = 0.05) and clinically by lower HSS-scores (P = 0.04) and smaller goiter size (P < 0.01). 

FreeT3-index and freeT4-index were directly associated with HSS-scores (P < 0.01). Stress 

scores were associated with HSS-scores (P < 0.01) but not with biochemical severity of 

Graves’ hyperthyroidism. Advancing age was associated with lower scores for stress 

exposure. Multivariate regression analysis showed that HSS-score was independently 

related to the tendency to report negative feelings (P < 0.01) but not to other stress 

scores and also not to age. 

Conclusion Advancing age is associated with less exposure to stress, lower serum TBII 

and less severe clinical and biochemical Graves’ hyperthyroidism. Because no direct 

relationship exists between stress exposure and TBII or freeT3-index and freeT4-index, 

we reject our hypothesis that less stress is causally related to biochemically less severe 

Graves’ hyperthyroidism in old age. HSS-score is primarily determined by negative feelings 

and not by age.
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INTRODUCTION

Graves’ hyperthyroidism is a multifactorial disease with many predisposing genetic and 

environmental factors. Seventy-nine percent of the susceptibility to develop Graves’ 

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

factors1. Exposure to stress, cigarette smoke, iodine excess and several drugs have 

all been identified as relevant environmental factors in the pathogenesis of Graves’ 

hyperthyroidism. For example, since the first description by Parry of an association between 

a stressful life event and the occurrence of hyperthyroidism in 1825, many studies have 

reported a greater number of stressful life events in the year preceding the diagnosis of 

Graves’ hyperthyroidism as compared to controls2-6. The evidence that environmental 

stimuli may provoke Graves’ hyperthyroidism in genetically susceptible subjects is rather 

good, but the quantitative relation between the exposure to environmental stressors and 

the severity of the provoked thyrotoxicosis has scarcely been studied.

Age has consistently been observed as a significant modulating factor, advancing age 

being associated with less severe Graves’ hyperthyroidism7-9. The mechanism behind less 

severe Graves’ hyperthyroidism in the older age groups is incompletely understood. Less 

severe Graves’ hyperthyroidism is due to lower levels of thyrotropin-binding inhibitory 

immunoglobulin (TBII)10. Furthermore, it has been shown that advancing age is 

associated with a decreased experience of self-reported stress (pleasant and unpleasant 

life events)11. In turn, psychological stress has a differential effect on immune response, 

suppressing cellular and potentiating humoral immunity12. We hypothesize that advancing 

age is associated with less exposure to stress, resulting in lower production of TBII and 

thereby in less severe Graves’ hyperthyroidism. To test this hypothesis we performed a 

cross-sectional observational study in a large population of patients with newly diagnosed 

and untreated Graves’ hyperthyroidism. 

SUBJECTS AND METHODS

Study design

We included 263 consecutive untreated patients (69 males and 194 females, age 16 –79 

years at study entrance) with a first episode of Graves’ hyperthyroidism in a cross-sectional, 

multicenter, observational study. Patients were included from nine participating centers in 

The Netherlands from July 2002 until September 2005. 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). Exclusion criteria 

were relapse of Graves’ hyperthyroidism; no written informed consent; no understanding 

of the Dutch language, and serious alcohol or intravenous drugs abuse. Clinical parameters 

at baseline like sex, age, goiter size (classification by means of WHO 1960 criteria)13, 
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Hyperthyroid Symptom Scale-score (HSS-score) and the existence of pretibial myxedema 

and Graves’ orbitopathy were recorded. Venous blood samples were taken for thyroid 

hormone measurements before treatment was started. The HSS-score questionnaire14 

quantitatively measures clinical severity of hyperthyroidism through ten items on 0 – 4 

point subscales, including sweating, heat intolerance, nervousness, hyperactivity, tremor, 

weakness, hyperdynamic precordium, diarrhea, appetite, and degree of incapacitation. 

Participants were asked to complete two stress and one mood questionnaires at time of 

diagnosis before treatment was started. 

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

of Amsterdam and the eight other participating centers. All patients gave written 

informed consent.

Stressful life event questionnaires

The Dutch questionnaire on Recently Experienced Stressful Life Events11 counts the total 

number of major life events experienced in the past 12 months (checklist of 60 possible 

events). First, the respondent scores the amount of pleasantness for each experienced life 

event on a scale from 0 to 4. Second, the respondent scores the amount of unpleasantness 

for each experienced life event in a similar manner on a scale from 0 to 4. Third, the total 

amount of pleasantness and the total amount of unpleasantness are separately calculated 

by summing up all scores for pleasantness and unpleasantness respectively (maximal 

score 240 for each). Fourth, the total number of pleasant events is calculated by counting 

the number of life events in which the score for pleasantness exceeds the score for 

unpleasantness. The total number of unpleasant events is calculated in a similar manner 

in which the score for unpleasantness exceeds the score for pleasantness (maximum 60).

The Dutch Everyday Problem Checklist, a validated version of the Daily Hassles Scale15,16, 

consists of 114 items concerning daily hassles experienced in the last two months. It also 

measures the intensity of each hassle on a scale from 0 to 3, yielding the number of 

hassles experienced and the total intensity of these hassles (maximum 342).

The Positive and Negative Affect Schedule (PANAS)17 measures the current mood, 

in terms of positive and negative affect. It consists of 22 mood states (11 positive, 11 

negative) and the respondent is asked to report whether he/she is affected by each of 

these states on a scale from 1 (not at all) to 5 (a lot). This yields the tendency to report 

positive and negative affect states both on a scale from 11 to 55.

Laboratory measurements

Nonfasting venous blood samples were taken for thyroid hormone measurements 

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

were measured with in-house radioimmunoassays18. T3-uptake was determined by a 

no-extraction, solid-phase 125I radioimmunoassay (Coat-A-Count, Diagnostic Products 
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Corporation, Los Angeles, USA). FreeT4-index and freeT3-index were calculated by 

multiplying T3-uptake with T4 and T3 respectively. Serum thyrotropin (TSH) was 

determined with a fluoroimmunometric assay (Delfia hTSH, Perkin Elmer, Turku, Finland; 

detection limit 0.01 mU/l). Serum TBII was quantitatively determined by a second 

generation luminescence receptor assay (TRAK human LIA, B.R.A.H.M.S., Berlin, 

Germany; detection limit 1.0 IU/l). Autoantibodies against thyroid peroxidase (TPO-Ab) 

were analyzed by anti-TPOn LIA (B.R.A.H.M.S., Berlin, Germany; cut-off levels < 30 and > 

3000 U/l). All measurements were performed at the laboratory of the Academic Medical 

Center of Amsterdam.

Statistical analysis

To analyze the influence of age on the severity of Graves’ hyperthyroidism, patients were 

subdivided into four groups; ≤ 29 yr (N = 53), 30 – 39 yr (N = 56), 40 – 49 yr (N = 78) 

and ≥ 50 yr (N = 76). Regression analyses were performed between the four age groups 

and serum freeT3-index, freeT4-index and HSS-score. Trend analysis between different 

age groups, serum TBII, serum TPO-Ab, and stress scores was performed using the 

Jonckheere-Terpstra test. The association between different age groups, goiter size and 

the prevalence of Graves’ orbitopathy and pretibial myxedema was determined using 

chi-square tests. Correlation coefficients (r) between serum thyroid hormones (freeT3-

index and freeT4-index) and HSS-scores were calculated by Spearman’s rank-order 

correlation coefficient. 

To evaluate the association between stress scores and the biochemical and clinical 

severity of Graves’ hyperthyroidism, we subdivided all stress-scores into quartiles. Linear 

regression analysis was performed to determine the association between stress scores 

and serum freeT3-index, freeT4-index and HSS-scores. For the association between stress 

scores and serum TBII we used the Jonckheere-Terpstra test. Chi-square test analysis was 

used for correlation analysis between stress scores and goiter size, the prevalence of 

pretibial myxedema and Graves’ orbitopathy. 

We used multivariate regression analysis to determine the effect of age and stress scores 

on the clinical severity of Graves’ hyperthyroidism (HSS-score). 

P values < 0.05 indicated statistical significance. All statistical analyses were carried out 

using the SPSS statistical package for Windows, version 15.0. (SPSS Inc., Chicago, IL, 

USA).
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RESULTS

Characteristics of the study population are shown in Table 1. Male and female patients 

did not differ in age, or in biochemical and clinical severity of hyperthyroidism (data not 

shown). 

Table 1: Baseline characteristics

N = 263

Sex (male/female) 69 /194

Age (years) 43 (32 - 51)

freeT3-index 7.0 (3.7)

freeT4-index 338 (124)

TBII (IU/l) 9.3 (5.0 - 18.8)

TPO-Ab (kU/l) 430 (40 - 2738)

Goitersize (%)

      0 64 %

      I 19 %

      II 14 %

      III 4 %

Graves’ orbitopathy (%) 19 %

Pretibial myxedema (%) 5 %

HSS-score 15 (7)

Values for HSS-score, serum freeT3-index and freeT4-index are given as mean + SD, while values for 
age, serum TBII and TPO-Ab are given as median +  interquartile range (range between the 25th and 
the 75th percentiles).

Table 2 shows the relationship between age and biochemical and clinical severity of 

Graves’ hyperthyroidism at the time of diagnosis. Advancing age was associated with 

both biochemically less severe Graves’ hyperthyroidism (freeT3-index and freeT4-index; 

P < 0.01) and clinical less severe Graves’ hyperthyroidism as measured by HSS-scores (P 

for trend = 0.04). Trend analysis showed that serum TBII and to a lesser degree TPO-Ab 

decreased with advancing age (P = 0.05 and P = 0.07 respectively). 

The HSS-score was significantly associated with serum freeT3-index (r = 0.28, P < 0.01) and 

to a lesser extent with freeT4-index (r = 0.17, P < 0.01) (Figure 1). Goiter size decreased 

with advancing age (P for trend < 0.01) (Table 2 and Figure 2) while no association was 

found between age and the prevalence of orbitopathy and pretibial myxedema. 

Table 3 shows the influence of stress scores on the biochemical and clinical severity 

of Graves’ hyperthyroidism. Neither serum freeT4-index, freeT3-index nor TBII were 

associated with PANAS scores, frequencies and total scores for Daily Hassles and 

Recently Experienced Stressful Life Events questionnaires except for the total amount 
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Figure 1: Correlation between 
biochemical severity ((a) freeT3-index 
and (b) freeT4-index) and clinical 
severity (HSS-score) of thyrotoxicosis 
in untreated Graves’ hyperthyroidism.

Figure 2: Goiter size as a function 
of age (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).
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of pleasantness which was directly associated with freeT3-index (P for trend < 0.01). By 

contrast, higher HSS-scores were related to more negative mood and less positive mood 

on the PANAS affect scores (P < 0.01). Higher HSS-scores were also associated with 

higher frequencies and total scores for Daily Hassles except for the intensity per Hassle, 

and the Recently Experienced Stressful Life Events questionnaires (Table 3).  

a

b
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None of the other clinical characteristics were associated with stress scores, with 

the exception of goiter size being positively correlated to both pleasantness and 

unpleasantness scores for Recently Experienced Life Events (P < 0.01 and P = 0.01 

respectively) (data not shown). 

Table 4 shows the associations between age and various stress scores. Advancing age 

was associated with lower PANAS negative affect scores (P for trend = 0.02) but not with 

PANAS positive affect scores (P = 0.75). With regard to Daily Hassles, the frequencies 

and total scores for Daily Hassles decreased with advancing age (P for trend < 0.01 and 

0.01 respectively) while the intensity per Hassle did not differ (P = 0.48). Furthermore, 

advancing age was associated with lower frequencies and scores for the Recently 

Experienced Life Events questionnaire (P < 0.01) (Table 4). 

To study the relationship between clinical severity (HSS-score), age, and stress we 

performed multivariate regression analysis. The HSS-score was used as dependent 

variable for all mood and stress scores (PANAS, The Dutch Everyday Problem Checklist 

and The Dutch questionnaire on Recently Experienced Stressful Life Events) together with 

age (Table 5). This analysis showed that the clinical severity of Graves’ hyperthyroidism 

was not related to age nor to the amount of stress exposure but was independently 

related to the tendency to report negative feelings (P < 0.01).

Table 2: Age as determinant for biochemical and clinical severity of Graves’ 
hyperthyroidism in 263 newly diagnosed patients.

≤ 29 yrs 
(N = 53)

30 - 39 yrs 
(N = 56)

40 - 49 yrs 
(N = 78)

≥ 50  yrs
 (N = 76)

P value 
(trend)

freeT3-index 8.3 (5.8) 7.2 (3.0) 6.5 (2.6) 6.5 (2.8) < 0.01

freeT4-index 373 (156) 366 (107) 320 (116) 308 (107) < 0.01

TBII (IU/l) 11.7 (5.0 - 26.9) 9.0  (5.0 - 14.3) 10.2 (4.5 - 18.7) 7.7 (5.0 - 14.6)    0.05

TPO-Ab (kU/l) 655 (65 - 2922) 920 (80 - > 3000) 210 (40 - 2170) 265 (30 - 1582)    0.07

Goiter size (%) < 0.01

   Grade 0 42 % 56 % 65 % 83 %

   Grade I 30 % 22 % 20 % 7 %

   Grade II 19 % 14 % 13 % 10 %

   Grade III 9 % 7 % 1 % 0 %

Graves 
orbitopathy 
(%)

13 % 20 % 20 % 20 %    0.38

Pretibial 
myxedema (%)

6 % 4 % 4 % 5 %    0.98

HSS-score 16 (7) 16 (6) 15 (7) 14 (7)    0.04

Values for freeT3-index, freeT4-index and HSS-score are given as mean +  SD (between parentheses). 
Values for TBII and TPO-Ab are given as median + interquartile range (range between the 25th and 
75th percentiles).
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Table 3: PANAS, Daily Hassles and Recently Experienced Life Events scores as determinants for 
biochemical (thyrotropin-binding inhibiting immunoglobulin, freeT4-index and freeT3-index) and 
clinical (Hyperthyroid Symptom Scale Score) severity of Graves’ hyperthyroidism.

freeT4-index freeT3-index TBII (IU/l) HSS-score

PANAS negative affect score

  ≤ 16 376 (143) 7.9 (5.4) 9.8 (5.6 - 24.2) 11 (6)

  17 - 22 302 (97) 6.5 (2.6) 8.8 (4.4 - 18.4) 15 (7)

  23 - 28 332 (128) 6.6 (3.2) 10.1 (4.8 - 18.6) 15 (7)

  ≥ 29 320 (98) 6.7 (3.3) 9.1 (4.0 - 16.0) 18 (7)

P value for trend NS NS NS < 0.01

PANAS positive affect score

  ≤ 32 325 (92) 7.1 (3.3) 7.9 (5.2 - 14.4) 16 (8)

  33 - 38 350 (134) 7.2 (3.1) 10.2 (5.4 - 21.8) 15 (7)

  39 - 41 305 (115) 6.4 (4.2) 6.9 (3.8 - 16.2) 14 (6)

  ≥ 42 333 (118) 6.7 (3.9) 11.7 (7.0 - 25.2) 13 (7)

P value for trend NS NS NS < 0.01

Total number of Daily Hassles

  ≤ 11 363 (132) 7.3 (4.3) 10.0 (5.7 - 18.3) 13 (7)

  12 - 21 313 (101) 6.2 (2.7) 7.9 (4.2 - 17.0) 14 (7)

  22 - 33 323 (126) 7.3 (3.8) 10.3 (5.6 - 21.5) 15 (8)

  ≥ 34 321 (106) 6.7 (3.6) 8.6 (4.2 - 16.2) 17 (6)

P value for trend NS NS NS < 0.01

Intensity per Hassle

  ≤ 1.20 359 (145) 7.5 (4.3) 8.5 (5.0 - 18.6) 14 (6)

  1.21 - 1.59 318 (119) 6.8 (4.0) 9.4 (5.0 - 22.5) 15 (8)

  1.60 - 1.99 336 (103) 7.2 (3.4) 10.2 (4.8 - 17.6) 16 (7)

  ≥ 2.00 308 (95) 6.1 (2.6) 8.2 (4.7 - 13.9) 15 (8)

P value for trend NS NS NS NS

Daily Hassles total score

  ≤ 14 367 (138) 7.4 (4.4) 9.6 (5.4 - 19.0) 14 (7)

  15 - 30 310 (101) 6.1 (2.4) 9.2 (3.6 - 15.6) 13 (7)

  31 - 57 327 (114) 7.1 (3.7) 9.6 (6.7 - 19.7) 16 (8)

  ≥ 58 313 (107) 6.8 (3.8) 8.8 (4.2 - 19.4) 17 (6)

P value for trend NS NS NS < 0.01
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Table 3: (cont.)

freeT4-index freeT3-index TBII (IU/l) HSS-score

Number of Life Events 

  ≤ 4 330 (123) 6.2 (2.9) 8.0 (4.8 - 14.1) 13 (7)

  5 - 8 335 (124) 7.0 (4.4) 10.0 (4.6 - 21.0) 14 (7)

  9 - 14 314 (105) 7.1 (2.7) 9.4 (5.7 - 18.8) 15 (7)

  ≥ 15 335 (113) 7.2 (4.0) 9.7 (4.9 - 20.7) 17 (6)

P value for trend NS NS NS < 0.01

Number of Unpleasant Life Events

  ≤ 2 328 (131) 6.7 (3.8) 8.0 (4.4 - 15.4) 13 (7)

  3 - 5 344 (102) 7.0 (2.6) 9.3 (5.6 - 20.0) 14 (7)

  6 - 8 311 (122) 7.0 (4.5) 10.2 (4.4 - 19.1) 15 (7)

  ≥ 9 324 (114) 6.9 (4.1) 9.2 (4.8 - 19.7) 17 (7)

P value for trend NS NS NS < 0.01

Total score unpleasantness

  ≤ 6 335 (119) 6.5 (2.8) 8.0 (5.0 - 12.2) 13 (7)

  7 - 15 336 (116) 7.0 (3.5) 10.2 (4.5 - 20.0) 14 (7)

  16 - 28 315 (122) 6.9 (4.2) 9.3 (5.4 - 20.3) 15 (7)

  ≥ 29 329 (113) 7.2 (4.0) 9.7 (4.8 - 20.7) 17 (7)

P value for trend NS NS NS < 0.01

Number of Pleasant Life Events

  ≤ 1 328 (117) 6.6 (3.9) 8.0 (4.2 - 12.4) 14 (7)

  2 310 (111) 6.2 (2.5) 9.9 (5.6 - 21.0) 13 (7)

  3 - 5 325 (107) 7.4 (3.4) 10.2 (6.1 - 22.5) 16 (7)

  ≥ 6 352 (133) 7.4 (4.3) 10.5 (4.3 - 21.7) 16 (7)

P value for trend NS NS NS 0.03

Total score pleasantness

  ≤ 3 337 (113) 6.2 (2.7) 8.0 (3.7 - 14.6) 12 (7)

  4 - 9 320 (127) 6.2 (3.9) 8.8 (5.2 - 17.0) 14 (7)

  10 - 17 312 (96) 6.8 (2.6) 9.9 (5.8 - 18.7) 16 (7)

  ≥ 18 354 (125) 7.9 (4.7) 11.5 (4.3 - 24.3) 17 (7)

P value for trend NS < 0.01 NS < 0.01

All stress scores were subdivided into quartiles. Values for serum freeT3-index, freeT4-index and 
HSS-score are given as mean + SD (between parentheses). Values for serum TBII are given as 
median + interquartile range (between parentheses).
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DISCUSSION

The first main finding of our study is that advancing age is associated with less severe 

Graves’ hyperthyroidism (Table 2). FreeT3-index and freeT4-index are lower in the older 

age groups, as reported previously in several studies7,9,19. Serum TBII also decreased with 

advancing age, again in agreement with the literature7. Because TBII is directly related to 

freeT3-index and freeT4-index10, the fall in serum TBII provides a satisfactory explanation 

why the biochemical severity of Graves’ hyperthyroidism decreases in older age. We also 

observed a decrease in the clinical severity of Graves’ hyperthyroidism with age as evident 

from the fall in the HSS-score. There was furthermore a shift towards smaller goiter size 

in elderly patients, a finding again explainable from the direct relationship between TBII 

and goiter size10. Other studies also reported a lower frequency of symptoms and signs 

in elderly Graves’ hyperthyroidism patients (notably less heat tolerance, less perspiration, 

less irritability, and less often increased appetite, tachycardia and goiter), although weight 

loss and atrial fibrillation are more common in old age20-22. Clinical severity (HSS-score) 

was directly related to the biochemical severity (freeT3-index and freeT4-index) of Graves’ 

hyperthyroidism, but the correlation is weak (Figure 1). Trzepacz et al. did not observe a 

relationship between the HSS-score and serum thyroid hormone concentrations in newly 

Table 5: Multivariate regression analysis for the effect of stress-scores and age on clinical severity 
(Hyperthyroid Symptom Scale Score) of Graves’ hyperthyroidism.

Coefficient P value

Constant 13.896 (4.036) <  0.01

Age - 0.041 (0.040) 0.31

Positive and Negative Affect Schedule (PANAS)

     Negative Affect score 0.233 (0.067) < 0.01

     Positive Affect score - 0.106 (0.065) 0.11

Everyday Problem Checklist

     Total number of Daily Hassles 0.110 (0.083) 0.19

     Intensity per Hassle - 0.508 (1.187) 0.67

     Daily Hassles total score - 0.030 (0.051) 0.55

Recently Experienced Stressful Life Events 

     Number of Life Events - 0.396 (0.467) 0.40

     Number of Unpleasant Life Events 0.271 (0.583) 0.64

     Total score unpleasantness 0.044 (0.121) 0.72

     Number of Pleasant Life Events 0.467 (0.535) 0.38

     Total score Pleasantness 0.026 (0.184) 0.89

Standard Error (between parentheses)

46

proefschrift Vos.indb   46 28-1-2013   15:17:18



Age and stress as determinants of the severity of Graves’ hyperthyroidism

Chapter

3

diagnosed untreated Graves’ hyperthyroidism patients23, most likely due to the low 

sample size (n = 25) in their study.

The second main finding of our study is that overall stress exposure is not related to the 

biochemical severity of Graves’ hyperthyroidism, but in contrast is directly related to the 

clinical severity (HSS-score) of Graves’ hyperthyroidism (Table 3). Affect scores and stress 

from Daily Hassles or unpleasant Recent Life Events were not related to freeT3-index and 

freeT4index nor to TBII; only higher amounts of pleasantness were significantly related to 

freeT3-index. By contrast, all stress parameters were associated with the clinical severity 

of Graves’ hyperthyroidism: higher negative affect or lower positive affect scores, and 

higher frequencies and scores for Daily Hassles and (un)pleasantness of Recent Life Events 

were all associated with higher HSS-scores. How can we explain the discrepancy that 

stress scores are only related to clinical severity and not to biochemical severity of Graves’ 

hyperthyroidism? When a person contracts a disease, his complaints to some extent will 

be influenced by his current mood state. If the person scores high on negative affects 

or low on positive affects, he/she is more likely to have complaints or to rate a particular 

complaint as more severe. Indeed our multivariate regression analysis demonstrated that 

the HSS-score was independently related to the tendency to report negative feelings (P < 

0.01) and not to any of the other stress scores, nor to age (Table 5).

The third main finding of our study is that advancing age is associated with less exposure 

to stress (Table 4). The frequency and total amount of unpleasantness or pleasantness 

experienced from Stressful Life Events in the year preceding the diagnosis of Graves’ 

hyperthyroidism decreased in the older age groups, and the same was true for the 

frequency and total intensity of Daily Hassles of the last months. The current mood state 

of elderly patients was also better, because they were less influenced by negative affects. 

These interesting observations are in line with studies from the field of psychology on 

stress and aging. Older adults reported fewer undesirable daily events than do younger 

adults24. When stressors do occur, older age is related to reductions in perceiving severity 

and affective distress25,26.

If stress is not involved in lower TBII and consequently in freeT3-index and freeT4-

index levels observed in old age, the question arises which other mechanisms might be 

responsible. Most likely it is the decline in immunological response to antigens with age, 

a process called immunosenescence27. Animal models on experimental autoimmune 

thyroiditis have shown that lymphocytes from old mice are less effective in transferring 

thyroiditis than lymphocytes from young donors28,29. A recent study indicates that in the 

elderly the B cell repertoire available to respond to new antigenic challenge is decreased30. 

The shift away from predominantly naïve B-cells with time obviously reflects the influence 

of cumulative exposure to foreign pathogens over time. It means that advancing age is 

associated with a lack of clonotypic immune response to antigens.

Going back to our hypothesis we can conclude that advancing age is indeed associated 

with less exposure to stress, lower serum TBII and less severe clinical and biochemical 
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Graves’ hyperthyroidism. Because no direct relationship existed between stress exposure 

and TBII or freeT3-index and freeT4-index, we reject our hypothesis that less stress is 

causally related to biochemically less severe Graves’ hyperthyroidism in old age. We find 

the observed tendency to higher freeT3-index with higher amounts of total pleasantness 

insufficient evidence to support our hypothesis in view of all other findings. Because the 

extent to which patients express complaints are influenced by many factors including 

current mood state, we prefer freeT3-index and freeT4-index as objective measures for 

the severity of Graves’ hyperthyroidism.
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Chapter 4

SUMMARY

Objective Both genetic and environmental factors contribute to susceptibility of Graves’ 

disease. In this study, we evaluated whether the duration of symptoms or a positive 

family history of autoimmune thyroid disease (AITD) are related to specific phenotypes in 

patients with a first episode of Graves’ hyperthyroidism (GH).

Design Cross-sectional multicentre observational study.

Patients Two hundred and sixty-three consecutive untreated patients (mean age 

(±SD) 42.6 ±12.4 years; range 16 - 79 years) with a first episode of GH were included. 

Biochemical and clinical severity of GH was evaluated. Participants were asked to complete 

questionnaires about environmental factors (smoking behavior, use of estrogens, stress 

etc.), the duration of symptoms (interval between start of symptoms and date of referral) 

and family history for AITD. We ascertained the autoimmune nature of thyroid disease 

in affected relatives. Family History Scores (FHS; high score indicating a close genetic 

relationship and/or a large number of affected relatives) were calculated for patients with 

a positive family history for AITD.

Results The peak incidence for the diagnosis of GH was 2–3 months after onset of 

symptoms (32% of patients). Duration of symptoms was negatively associated with age 

(P for trend = 0.04). A positive family history for AITD was present in 42.6% of patients. 

Patients with the highest FHS were more often male (P = 0.01) while age at onset was 

lower (P = 0.02) compared to patients with a lower FHS. Among patient groups with 

different FHS, no differences were found in exposure to environmental factors, nor in 

clinical or biochemical severity of hyperthyroidism. 

Conclusion Our study does not support the hypothesis that a short duration of thyrotoxic 

symptoms until diagnosis is related to more severe hyperthyroidism in Graves’ disease. 

We have found supporting evidence for the existence of genetic anticipation in Graves’ 

disease by means of a lower age of onset in the group with the highest FHS. 
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INTRODUCTION

The etiology of Graves’ disease is multifactorial. Twin studies support that 79% of the 

susceptibility to develop Graves’ hyperthyroidism can be attributed to genetic factors, 

leaving 21% for environmental factors1. As a consequence of the multifactorial etiology, 

there is marked variation in phenotypic appearance of Graves’ disease: duration of 

symptoms before diagnosis, severity of hyperthyroidism and the extent of thyroid 

enlargement vary greatly, and Graves’ orbitopathy and pretibial myxedema may or may 

not be present. Little is known about the determinants of different phenotypes, apart 

from the effect of age (older age being associated with less severe hyperthyroidism)2-4 and 

smoking behavior (smoking being associated with greater risk on Graves’ orbitopathy)5.

In this study we evaluated whether duration of symptoms or a family history of autoimmune 

thyroid disease (AITD) are related to specific phenotypes in patients with a first episode 

of Graves’ hyperthyroidism. With regard to duration of hyperthyroid symptoms, we have 

seen some patients over the last few years that presented themselves after a short period 

of symptoms with very severe Graves’ hyperthyroidism and responded remarkably fast 

to antithyroid drugs. It reminded us to a recently described novel subtype of type 1 

diabetes mellitus, characterized by a rapid onset, more severe metabolic derangement 

and absence of diabetes-related antibodies6. We thus hypothesized that a short duration 

of thyrotoxic symptoms until diagnosis is related to more severe hyperthyroidism in 

Graves’ disease patients.

It is well known that autoimmune thyroid disease clusters in families, and about 50% 

of patients with Graves’ hyperthyroidism have a positive family history for autoimmune 

thyroid diseases4;7. In view of genetic anticipation one may presume that Graves’ 

hyperthyroidism develops at a younger age in patients with a positive family history for 

autoimmune thyroid disease than in patients with a negative family history, and this was 

our second hypothesis. 

Both hypotheses were tested in a cross-sectional observational study of consecutive 

patients with newly diagnosed untreated Graves’ hyperthyroidism. Phenotypic appearance 

of Graves’ disease was carefully determined, together with exposure to a number of 

environmental factors involved in the pathogenesis of Graves’ disease.

SUBJECTS AND METHODS

Study design

We included 263 consecutive untreated patients (69 males and 194 females, age 16 –79 

years at study entrance) with a first episode of Graves’ hyperthyroidism in a cross-sectional, 

multicenter, observational study. Patients were included from nine participating centers in 

The Netherlands from July 2002 until September 2005. Inclusion criteria were: biochemical 
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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). Exclusion criteria 

were: relapse of Graves’ disease; no written informed consent; no understanding of the 

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

at baseline like sex, age, goiter size (classification by means of WHO 1960 criteria)8, 

clinical thyrotoxic score (HSS-score) and the existence of pretibial myxedema and Graves’ 

orbitopathy, both diagnosed by inspection were recorded. Participants filled in the 

Hyperthyroid Symptom Scale questionnaire (HSS-score)9 which quantitatively measures 

clinical severity of hyperthyroidism through 10 items on 0 – 4 point subscales, including 

sweating, heat intolerance, nervousness, hyperactivity, tremor, weakness, hyperdynamic 

precordium, diarrhea, appetite, and degree of incapacitation. Venous blood samples 

were taken for thyroid hormone and antibody measurements before treatment was 

started. The participants were asked about the duration of symptoms (interval between 

start of symptoms and date of referral) and family history for autoimmune thyroid 

diseases. Furthermore, participants were asked to complete questionnaires asking about 

environmental factors (i.e. use of estrogens, smoking habits, exposure to iodine excess, 

pregnancies, and stress at time of diagnosis as published recently10. We ascertained the 

autoimmune nature of thyroid disease in affected relatives after having obtained their 

written consent via our patients. Family History Scores (FHS) were made for all patients 

with a positive family history for AITD. Patients were scored according to the number 

and degree of affected relatives. Identical twins scored 1.0, first degree relatives scored 

0.5, second degree relatives scored 0.25, third degree relatives scored 0.125, and fourth 

degree relatives scored 0.0625. Patients with more than one affected relative received 

the cumulative score of all relatives. Of the 263 subjects who were included in this study, 

ten noticed they had no information whatsoever about diseases in their family and two 

subjects did not complete the questionnaires. This left 251 subjects who were eligible for 

the present investigation. 

The study was approved by the Ethics Committee of the Academic Medical Center of 

Amsterdam and the eight other participating centers. All patients gave written informed 

consent.

Laboratory measurements

Nonfasting venous blood samples were taken for thyroid hormone and autoantibody 

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

thyroxine (T4) were measured with in-house radioimmunoassay’s (RIA)11. 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 (reference ranges 70 

– 140 nmol/l; 3.3 – 8.2 nmol/l respectively). Serum thyrotropin (TSH) was determined 
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with a fluoroimmunometric assay (Delfia hTSH, Perkin Elmer, Turku, Finland; detection 

limit 0.01 mU/l, reference range 0.4 – 4.0 mU/l). Serum thyrotropin-binding inhibitory 

immunoglobulin (TBII) was determined by a second generation luminescence receptor 

assay (TRAK human LIA, B.R.A.H.M.S., Berlin, Germany; detection limit 1.0 IU/l, reference 

range < 2.0 IU/l). Autoantibodies against thyroid peroxidase (TPO-Ab) were analyzed by 

anti-TPO LIA (B.R.A.H.M.S., Berlin, Germany; detection limit 30 U/l, reference range < 

60 kU/l). All measurements were performed at the laboratory of the Academic Medical 

Center of Amsterdam.

Statistical analysis

To analyze the association between the duration of symptoms and phenotypic appearance 

of Graves’ disease, patients were subdivided into five groups: ≤ 2 months (N = 80), 3 – 4 

months (N = 57), 5 – 6 months (N = 50), 7 – 11 months (N = 28) and ≥ 12 months (N = 

36). To analyze the influence of family history patients were subdivided into five groups 

according to their Family History Score; 0.00 (no positive family history) (N = 144), 0.06 

– 0.49 (N = 19), 0.50 – 0.99 (N = 36), 1.00 (N = 32), and > 1.00 (N = 18). The one-way 

ANOVA and Kruskal-Wallis tests were used for comparison between means and medians 

of different subgroups respectively. Regression analyses were performed between the five 

subgroups and serum freeT3-index, freeT4-index and HSS-score. Trend analyses between 

the five subgroups for duration of symptoms and age, serum TSH, serum TBII, serum 

TPO-Ab, smoking packyears, and stress scores were performed using the Jonckheere-

Terpstra test. The association between different subgroups and sex, goiter size, prevalence 

of Graves’ orbitopathy and pretibial myxedema, smoking behaviour, iodine excess, 

estrogen use and number of pregnancies was determined using chi-square tests. 

P values < 0.05 indicated statistical significance. All statistical analyses were carried out 

using the SPSS statistical package for Windows, version 15.0. (SPSS Inc., Chicago, IL, USA).

RESULTS

Figure 1 shows the frequency histogram of the duration of thyrotoxic symptoms before 

referral in 251 patients with newly diagnosed Graves’ hyperthyroidism. The majority of 

patients (61%) had symptoms for less < 6 months. The median duration of symptoms until 

diagnosis upon referral was 4 months. The peak incidence for the diagnosis of Graves’ 

hyperthyroidism is at 2 - 3 months after onset of symptoms (32% of patients). In 14% of 

patients symptoms lasted for ≥ 12 months until diagnosis was made.

Table 1 shows the duration of symptoms as determinant for phenotypic appearance of 

Graves’ disease at time of diagnosis. Duration of symptoms was negatively associated 

with age (the shorter the duration, the older the age) (P for trend = 0.04), and positively 

with TPO antibodies and goiter size (the longer the duration, the higher the TPO-Ab 
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concentration and the greater the goiter size) (P for trend = 0.04 and 0.05 respectively). 

No associations were observed with sex, severity of hyperthyroidism, and extrathyroidal 

manifestations of Graves’ disease (Table 1), nor with any of the environmental factors 

Figure 1 Frequency histogram for 
the duration of thyrotoxic symptoms 
before referral in 251 newly diagnosed 
patients with Graves’ hyperthyroidism.
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Table 1 Duration of symptoms as determinant for phenotypic appearance of Graves’ disease in 251 
newly diagnosed patients with Graves’ hyperthyroidism.

0 - 2 months 
(N = 80)

3 - 4 months 
(N = 57)

5 - 6 months 
(N = 50)

7 - 11 months 
(N = 28)

≥ 12 months 
(N = 36)

P Value 
(trend)

Male gender 30.0 % 19.3 % 26.0 % 17.9 % 25.0 % 0.38

Age (years) 45.5 (39.0 - 52.0) 43.0 (30.5 - 50.0) 37.5 (29.0 - 51.5) 36.0 (29.0 - 45.5) 41.5 (31.8 - 51.5) 0.04

Positive Fam. History 45 % 44 % 44 % 48 % 31 % 0.30

HSS-score 14.3 (6.7) 16.0 (7.3) 15.3 (7.1) 14.2 (6.0) 14.9 (7.3) 0.89

TSH (mU/l) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - 0.01) < 0.01 (< 0.01 - < 0.01) 0.45

freeT3-index 7.1 (4.4) 6.7 (2.9) 7.7 (3.1) 5.9 (2.6) 7.4 (4.8) 0.89

freeT4-index 334 (122) 320 (107) 368 (124) 300 (108) 365 (165) 0.34

TBII (IU/l) 8.7 (4.2 - 15.7) 8.6 (4.2 - 19.2) 12.7 (5.8 - 26.4) 9.2 (5.5 - 12.7) 8.2 (5.1 - 19.0) 0.39

TPOAb (kU/l) 205 (40 - 1622) 520 (40 - 2630) 590 (40 - > 3000) 730 (50 - >3000) 910 (50 - >3000) 0.04

Goitersize 0.05

      0 69 % 67 % 55 % 68 % 50 %

      I 19 % 16 % 22 % 11 % 25 %

      II 8 % 18 % 16 % 21 % 17 %

      III 5 % 0 % 6 % 0 % 8 %

Graves’ orbitopathy 19 % 19 % 12 % 21 % 28 % 0.40

Pretibial myxedema 5 % 4 % 6 % 0 % 8 % 0.74

Values for Age, TSH, TBII and TPO-Ab are in median +  interquartile range (range between the 25th 
and the 75th percentiles), values for HSS-score, freeT3-index and freeT4-index are given in mean + SD.
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Table 1 Duration of symptoms as determinant for phenotypic appearance of Graves’ disease in 251 
newly diagnosed patients with Graves’ hyperthyroidism.

0 - 2 months 
(N = 80)

3 - 4 months 
(N = 57)

5 - 6 months 
(N = 50)

7 - 11 months 
(N = 28)

≥ 12 months 
(N = 36)

P Value 
(trend)

Male gender 30.0 % 19.3 % 26.0 % 17.9 % 25.0 % 0.38

Age (years) 45.5 (39.0 - 52.0) 43.0 (30.5 - 50.0) 37.5 (29.0 - 51.5) 36.0 (29.0 - 45.5) 41.5 (31.8 - 51.5) 0.04

Positive Fam. History 45 % 44 % 44 % 48 % 31 % 0.30

HSS-score 14.3 (6.7) 16.0 (7.3) 15.3 (7.1) 14.2 (6.0) 14.9 (7.3) 0.89

TSH (mU/l) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - 0.01) < 0.01 (< 0.01 - < 0.01) 0.45

freeT3-index 7.1 (4.4) 6.7 (2.9) 7.7 (3.1) 5.9 (2.6) 7.4 (4.8) 0.89

freeT4-index 334 (122) 320 (107) 368 (124) 300 (108) 365 (165) 0.34

TBII (IU/l) 8.7 (4.2 - 15.7) 8.6 (4.2 - 19.2) 12.7 (5.8 - 26.4) 9.2 (5.5 - 12.7) 8.2 (5.1 - 19.0) 0.39

TPOAb (kU/l) 205 (40 - 1622) 520 (40 - 2630) 590 (40 - > 3000) 730 (50 - >3000) 910 (50 - >3000) 0.04

Goitersize 0.05

      0 69 % 67 % 55 % 68 % 50 %

      I 19 % 16 % 22 % 11 % 25 %

      II 8 % 18 % 16 % 21 % 17 %

      III 5 % 0 % 6 % 0 % 8 %

Graves’ orbitopathy 19 % 19 % 12 % 21 % 28 % 0.40

Pretibial myxedema 5 % 4 % 6 % 0 % 8 % 0.74

Values for Age, TSH, TBII and TPO-Ab are in median +  interquartile range (range between the 25th 
and the 75th percentiles), values for HSS-score, freeT3-index and freeT4-index are given in mean + SD.

(i.e. estrogen use, pregnancies, smoking habits, exposure to iodine excess, and stress 

scores) (data not shown).  

A positive family history for AITD was present in 107 (42.6%) of the 251 patients. Two of 

the 107 patients with a positive family history did not report the degree (1st, 2nd, 3rd or 

4th) of affected relatives. The remaining 105 patients were subdivided into four groups 

according their Family History Score (Table 2). Analyses of the different subgroups for 

Family History Scores showed a difference in gender ratio (P = 0.04). Furthermore, we 

found a non-significant difference in age at onset between the different subgroups (P = 

0.06). Interestingly, patients in the group with the highest Family History Score (> 1.00), 

were more often males (P = 0.01) and age was significantly lower (P = 0.02) compared 

to all patients with lower Family History Scores. The five groups did not differ from each 

other in exposure to environmental factors. No significant trends were found between 

Family History Scores and thyroid function tests or thyroid antibody concentrations.
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DISCUSSION

The first part of our study dealt with the duration of thyrotoxic symptoms until Graves’ 

hyperthyroidism was diagnosed at referral. Quantitative data on this subject are scarce 

in the literature, but the general clinical experience is that Graves’ disease develops over 

months rather than years. In line with this notion is the almost complete absence of TBII 

(the immediate cause of Graves’ disease) in serum of healthy people, even in high-risk 

populations such as healthy relatives of AITD patients12, and the occurrence of TBII in 

serum when Graves’ disease manifests itself clinically. Our results substantiate these 

clinical notions: median duration of symptoms until diagnosis is 4 months. Graves’ disease 

thus indeed develops rather rapidly over months, in contrast to Hashimoto’s disease that 

develops slowly over years.

An unexpected finding was the inverse relationship between duration of thyrotoxic 

symptoms and age; the shorter the duration, the older the patients were. In view of 

Table 2: Family History Score as determinant for the phenotypic appearance in 249 newly diagnosed 
patients with Graves’ hyperthyroidism.

Family History Score 
(FHS):

0.00
(n = 144)

0.06 - 0.49
 (n = 19)

0.50 - 0.99
(n = 36)

1.00
 (n = 32)

> 1.00 
(n = 18)

P Value* P Value 
≤ 1.00 vs > 1.00†

Male gender 29.9 % 10.5 % 16.7 % 12.5 % 38.9 % 0.04 0.15

Age (years) 43.0 (34.0 - 50.0) 48.0 (36.0 - 54.0) 43.0 (29.0 - 52.8) 46.0 (35.2 - 55.0) 35.0 (22.0 - 44.8) 0.06 < 0.02

Duration of Symptoms 
(months)

4.0 (2.0 - 7.8) 3.0 (2.0 - 4.0) 5.0 (3.0 - 8.0) 4.5 (2.0 - 7.2) 3.5 (2.0 - 6.5) 0.30 0.81

HSS-score 13.9 (6.8) 14.2 (5.1) 16.6 (7.5) 15.8 (7.4) 15.7 (6.8) 0.21 0.54

TSH (mU/l) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) 0.99 0.77

freeT3-index 6.9 (4.0) 5.8 (1.8) 6.7 (2.3) 8.1 (4.4) 7.1 (3.6) 0.33 0.83

freeT4-index 336 (132) 329 (83) 315 (93) 367 (152) 325 (116) 0.61 0.70

TBII (IU/l) 8.9 (4.5 - 18.8) 7.2 (3.9 - 14.4) 11.3 (6.9 - 21.4) 8.2 (6.5 - 19.0) 8.4 (3.6 - 18.4) 0.35 0.56

TPOAb (kU/l) 395 (40 - 2798) 240 (40 - 540) 630 (102 - 2940) 940 (82 - >3000) 940 (118 - >2675) 0.36 0.51

Goitersize

      0 64 % 74 % 56 % 62 % 61 % 0.64 0.95

      I 18 % 21 % 28 % 12 % 17 %

      II 15 % 5 % 11 % 16 % 17 %

      III 2 % 0 % 6 % 9 % 6 %

Graves’ orbitopathy 22 % 5 % 19 % 19 % 6 % 0.28 0.14

Pretibial myxedema 4 % 0 % 11 % 0 % 11 % 0.08 0.15

Family History Score: score according to the number and degree of AITD affected relatives. Identical 
twins scored 1.00, first degree relatives scored 0.50 , second degree relatives scored 0.25, third 
degree relatives scored 0.125, and fourth degree relatives scored 0.0625. Patients with more than 
one affected relative received the cumulative score of all relatives. Values for Age, TSH, TBII and
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the less severe hyperthyroidism in elderly patients with Graves’ disease2-4, we would 

have expected the opposite. The finding cannot be explained by earlier recognition of 

symptoms as being caused by hyperthyroidism (which might be the case in recurrent 

Graves’ hyperthyroidism), because only patients with a first episode of Graves’ disease 

had been included. It might be that advancing age is associated with greater concern on 

the significance of symptoms and on health in general, leading to earlier consultation. 

Longer duration of symptoms until diagnosis was associated with greater goiter size, 

which can be understood from the longer exposure time to TBII in view of the thyroid 

growth promoting effect of TBII13;14. Longer duration of symptoms was also related to 

higher TPO-Ab concentrations, tentatively explained from epitope spreading after the 

initial immune reaction against the TSH receptor15. Consequently, we had to reject our 

initial hypothesis that a very short duration of symptoms might be related to very severe 

Table 2: Family History Score as determinant for the phenotypic appearance in 249 newly diagnosed 
patients with Graves’ hyperthyroidism.

Family History Score 
(FHS):

0.00
(n = 144)

0.06 - 0.49
 (n = 19)

0.50 - 0.99
(n = 36)

1.00
 (n = 32)

> 1.00 
(n = 18)

P Value* P Value 
≤ 1.00 vs > 1.00†

Male gender 29.9 % 10.5 % 16.7 % 12.5 % 38.9 % 0.04 0.15

Age (years) 43.0 (34.0 - 50.0) 48.0 (36.0 - 54.0) 43.0 (29.0 - 52.8) 46.0 (35.2 - 55.0) 35.0 (22.0 - 44.8) 0.06 < 0.02

Duration of Symptoms 
(months)

4.0 (2.0 - 7.8) 3.0 (2.0 - 4.0) 5.0 (3.0 - 8.0) 4.5 (2.0 - 7.2) 3.5 (2.0 - 6.5) 0.30 0.81

HSS-score 13.9 (6.8) 14.2 (5.1) 16.6 (7.5) 15.8 (7.4) 15.7 (6.8) 0.21 0.54

TSH (mU/l) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) < 0.01 (< 0.01 - < 0.01) 0.99 0.77

freeT3-index 6.9 (4.0) 5.8 (1.8) 6.7 (2.3) 8.1 (4.4) 7.1 (3.6) 0.33 0.83

freeT4-index 336 (132) 329 (83) 315 (93) 367 (152) 325 (116) 0.61 0.70

TBII (IU/l) 8.9 (4.5 - 18.8) 7.2 (3.9 - 14.4) 11.3 (6.9 - 21.4) 8.2 (6.5 - 19.0) 8.4 (3.6 - 18.4) 0.35 0.56

TPOAb (kU/l) 395 (40 - 2798) 240 (40 - 540) 630 (102 - 2940) 940 (82 - >3000) 940 (118 - >2675) 0.36 0.51

Goitersize

      0 64 % 74 % 56 % 62 % 61 % 0.64 0.95

      I 18 % 21 % 28 % 12 % 17 %

      II 15 % 5 % 11 % 16 % 17 %

      III 2 % 0 % 6 % 9 % 6 %

Graves’ orbitopathy 22 % 5 % 19 % 19 % 6 % 0.28 0.14

Pretibial myxedema 4 % 0 % 11 % 0 % 11 % 0.08 0.15

Family History Score: score according to the number and degree of AITD affected relatives. Identical 
twins scored 1.00, first degree relatives scored 0.50 , second degree relatives scored 0.25, third 
degree relatives scored 0.125, and fourth degree relatives scored 0.0625. Patients with more than 
one affected relative received the cumulative score of all relatives. Values for Age, TSH, TBII and

TPO-Ab are in median + interquartile range (range between the 25th and the 75th 
percentiles), values for HSS-score, freeT3-index and freeT4-index are given in mean + 
SD. *P values for analyses between all groups. †P values for analyses between FHS > 
1.00 and ≤ 1.00.
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hyperthyroidism. Clinical and biochemical severity of Graves’ hyperthyroidism were not 

associated with duration of symptoms.

The second part of our study dealt with the significance of a positive family history of 

AITD in patients with Graves’ hyperthyroidism. We observed a positive family history in 

42.6% of our patients, a figure in good agreement with a frequency of around 50% 

reported in literature4;7. It is intriguing why this figure is not higher because twin studies 

have shown that around 79% of the susceptibility to develop Graves’ disease can be 

attributed to genetic factors1. Does it mean that genetic susceptibility for Graves’ disease 

is lower in the patients with a negative family history? To answer this question one should 

compare the frequency of polymorphisms in susceptible genes (like HLA-DR, CTLA4, 

PTPN22, CD40 and TSH-R) between patients with and without a positive family history 

for AITD, but such a study has not been done. Could it be that environmental factors play 

a greater role in the development of Graves’ disease in patients without a family history 

of AITD? Our data do not support this proposition, because exposure to environmental 

factors (like smoking, estrogen use, pregnancy, iodine excess, and stress) were not 

different between patients with a high or low Family History Scores (data not shown).

We found some supporting evidence for our hypothesis that genetic anticipation 

might occur in familial cases of Graves’ disease. When taking into account the number 

of affected relatives and the degree of kinship, the age at diagnosis was much lower 

in the group with the highest Family History Score. The difference in median age at 

onset between the group with the highest Family History Score and the lower ones 

varied between eight and thirteen years (Table 2). This interesting observation is in 

agreement with the scarce literature about genetic anticipation in Graves’ disease. Brix et 

al. investigated age at diagnosis in 33 same-gender parent-offspring pairs with Graves’ 

disease from multiply affected families and found that mean age at diagnosis in children 

was 12.5 years lower than in their parents16. Manji et al. found that reporting of a relative 

with thyroid dysfunction was associated with a lower median age at diagnosis of Graves’ 

disease (in women, 38 vs. 43 years in patients with no family history, and in men 42 vs. 47 

respectively)4. A lower median age in view of genetic anticipation is biologically plausible. 

Manji et al. also observed that the greater the number of affected relatives, the greater 

the effect was4. A limitation of our data is that we did not correct for family size and that 

there might be ignorance about the existence of family members with AITD especially 

patients who do not have contact with their relatives (i.e. moved abroad, deceased etc.). 

Genetic anticipation in our study was not associated with more severe Graves’ 

hyperthyroidism or greater exposure to environmental insults. 

In summary, our study demonstrates that a short duration of thyrotoxic symptoms until 

diagnosis is not related to biochemically more severe hyperthyroidism in Graves’ disease. 

We have furthermore obtained evidence for genetic anticipation in Graves’ disease by 

means of a lower age of onset in the group with the highest Family History Scores. 
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ABSTRACT

Background Genetic polymorphisms and environmental factors are both involved in the 

pathogenesis of Graves’ disease, but their interaction and effect on Graves’ phenotypes 

have scarcely been investigated.

Objective To test the hypothesis that subjects with susceptibility genotypes develop more 

severe Graves’ hyperthyroidism at a younger age and less exposure to environmental 

factors, with attention to gender differences.

Study design Prospective observational multicenter study in 205 adult Caucasian 

patients with untreated first-episode of Graves’ hyperthyroidism.

Methods Evaluation of genotypes (HLA DRB1*03, DQA1*05, DQB1*02; CTLA4 49A/G, 

CT60 A/G; PTPN22 C/T) in relation to phenotypes (age, sex, severity (clinical, biochemical 

and immunological)) of hyperthyroidism and environmental factors (smoking, stress 

questionnaires). 

Results G-alleles in CTLA4 single nucleotide polymorphisms were dose-dependently 

associated with younger age at time of diagnosis and less exposure to daily hassles. In 

gender-specific analysis, this association is enhanced in men and is attenuated in women. 

Males (but not females) in HLA linkage disequilibrium had more severe (biochemical and 

immunological) hyperthyroidism and a tendency to younger age at diagnosis, compared 

with those not in linkage disequilibrium.

Conclusion Graves’ hyperthyroidism occurs at a younger age with less exposure to 

environmental factors in subjects carrying susceptibility genotypes. The impact of 

genotypes seems to be greater in males than in females.
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INTRODUCTION

Graves’ hyperthyroidism can be considered as a complex multifactorial disease, in which 

autoimmunity against thyroid antigens develops against a particular genetic background 

provoked by environmental factors1,2. Good quantitative evidence that genetic factors 

play an important role in the etiology of Graves’ hyperthyroidism is derived from twin 

studies, showing significantly higher probandwise concordance rates in monozygotic 

twins than in dizygotic twins3-5. Using structural equation modeling, the heritability of 

Graves’ disease is reported to be 79% (95% CI, 38-90%)6. It means the relative impact 

of genetic factors is around 75%; consequently the relative contribution of environmental 

factors would be around 25%.

Genes shown to confer susceptibility to Graves’ disease can be divided in thyroid specific 

genes (TSHR, Tg) and immune regulatory genes (HLA, CTLA4, PTPN22, CD40, FOXP3, 

CD25, FCRL3). 

Known environmental factors which may provoke Graves’ disease are smoking, stress, 

iodine intake, pregnancy, and drugs like interferon and highly active anti-retroviral therapy.

So far, genetic and environmental factors contributing to Graves’ disease have been 

studied mostly separately from each other.  The aims of the present study in patients with 

newly diagnosed Graves’ hyperthyroidism were therefore as follows. First, we evaluated 

whether specific genotypes are associated with differences in clinical presentation of 

Graves’ hyperthyroidism. We hypothesized that subjects with genetic susceptibility for 

Graves’ disease might be younger at the time of diagnosis and presenting with more 

severe disease. Second, we evaluated the relationship between specific genotypes 

and exposure to environmental factors. We hypothesized that subjects with genetic 

susceptibility for Graves’ disease might require less exposure to environmental factors for 

contracting Graves’ hyperthyroidism. Special attention was given to possible differences 

in gender: in view of the strong female preponderance in autoimmune thyroid disease, 

the development of Graves’ disease in males might require a much heavier load of either 

susceptibility genes or exposure to environmental factors. 

Both hypotheses were tested in a prospective observational study of consecutive patients 

with untreated first-episode of Graves’ hyperthyroidism. Genotypes and phenotypes 

were assessed as well as exposure to a number of environmental factors.

SUBJECTS AND METHODS

Patients

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

in a prospective, multicenter, observational study. Patients were included from one 

university and eight city hospitals in The Netherlands. Inclusion criteria were: biochemical 
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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). Exclusion criteria 

were: relapse of Graves’ disease, no written informed consent, no understanding of the 

Dutch language, and alcohol or drug abuse. As described previously, 263 patients were 

assembled satisfying inclusion and exclusion criteria7. For the present study we excluded 

51 patients because of non-Caucasian origin and 7 patients because no DNA samples 

were obtained, leaving a study population of 205 patients.

Clinical parameters were recorded including goiter size8, the existence of Graves’ 

orbitopathy and pretibial myxedema, and the hyperthyroid symptom scale (HSS)9.  

Participants were asked to complete questionnaires asking about smoking habits and 

stress at time of diagnosis as published previously7,10. Smoking habits were assessed as 

current smokers, ex-smokers and never-smokers. The Dutch questionnaire on recently 

experienced stressful life events counts the total number of major life events experienced 

in the last 12 months (checklist of 60 possible events); the amount of pleasantness and 

unpleasantness with each experienced life event is rated on a scale of 0 (meaning no (un)

pleasantness) to 4 (meaning a huge amount of (un)pleasantness), and the total amount 

of pleasantness and unpleasantness is calculated (maximum score 240 for each)11. The 

Dutch Everyday Problem Checklist is a validated version of the daily hassles scale, and 

consists of 114 items concerning daily hassles in the last two months; it also measures the 

intensity of each hassle on a scale from 0 to 3, yielding the total intensity of daily hassles 

(maximum 342)12,13. The Positive and Negative Affect Schedule (PANAS) measures the 

current mood in terms of positive and negative affect; it consists of 22 mood states 

(11 positive, 11 negative) rated on a scale from 1 (not at all) to 5 (a lot), yielding the 

tendency to report positive and negative feelings both on a scale from 11 to 55 14. The 

study was approved by the Institutional Review Board of the Academic Medical Center of 

Amsterdam and the eight other participating centers. All patients gave written informed 

consent.

Laboratory measurements

Nonfasting venous blood samples were taken for thyroid function tests and thyroid 

autoantibody measurements before treatment was started; storage was at -20 °C until 

assay. Serum triiodothyronine (T3) and thyroxine (T4) were measured with in-house 

radioimmunoassays15. T3-uptake was determined by a no-extraction, solid-phase 125I 

radioimmunoassay (Coat-A-Count, Diagnostic Products Corporation, Los Angeles, USA). 

Free T4 index and free T3 index were calculated by multiplying T3-uptake with T4 and T3 

respectively (reference ranges 70 – 140 and 3.3 – 8.2 respectively). Serum thyrotropin 

(TSH) was determined with a fluoroimmunometric assay (Delfia hTSH, Perkin Elmer, Turku, 

Finland; detection limit 0.01 mU/l, reference range 0.4 – 4.0 mU/l). Serum thyrotropin-

binding inhibitory immunoglobulin (TBII) was determined by a second generation 
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luminescence receptor assay (TRAK human LIA, B.R.A.H.M.S., Berlin, Germany; detection 

limit 1.0 IU/l, reference range < 2.0 IU/l). Autoantibodies against thyroid peroxidase 

(TPO-Ab) were analyzed by anti-TPO LIA (B.R.A.H.M.S., Berlin, Germany; detection limit 

30 kU/l, reference range < 60 kU/l). All measurements were performed at the laboratory 

of the Academic Medical Center of Amsterdam.

Genotyping

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

apparatus and the MagNA Pure LC DNA Isolation Kit (Roche Biochemicals) according to 

the manufacturer’s protocol. Genomic amplifications were obtained by polymerase chain 

reaction (PCR) using the TGradient Thermocycler (Biometra, Göttingen, Germany).  CTLA4 

49A/G (rs231775) and  CTLA4 CT60 (rs3087243) single nucleotide polymorphisms (SNP) 

were detected using primers as described before16. The SNP in PTPN22 (rs2476601) 

was detected using previously described primers17. The PCR reaction was performed in 

a volume of 50 µl containing 1.5 mM MgCl2, 0.5 mM dNTP’s, 50 ng genomic DNA, 

0.2 µM of each primer and 2.5 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 was done using the Sequencing Analysis 

5.1 en CodonCode Aligner 5.2.1 programs. 

HLA subtypes DQB1*02, DQA1*05, and DRB1*03 were identified on a LightCycler 480 

(Roche Molecular Diagnostics) using LightCycler480 High Resolution Melting Master 

(Roche Molecular Diagnostics) according to the manufacturer’s protocol. Primers 

sequences were as described before for DQB1*02 18, DQA1*05 19 and DRB1*03 18,20

Statistical analysis

Chi-square tests, t-tests and non-parametric tests were used for comparison of 

proportions, means and medians between HLA positive and negative patients and PTPN22 

heterozygote polymorphism and wild-type. The same tests were used for comparison 

between A-alleles and G-alleles in male and female patients for the CTLA4 49A/G and 

CTLA4 CT60 polymorphisms. Trend analysis between the allele frequencies of the CTLA4 

49A/G and CTLA4 CT60 polymorphisms for age, serum TBII, serum TPO-Ab and different 

stress scores was performed using the Jonckheere–Terpstra tests. Comparison of serum 

free T3 index and free T4 index and comparison of proportions between these groups 

was done using linear regression analysis and chi-square tests respectively. P values < 
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0.05 indicated statistical significance.  Statistical analyses were carried out using the SPSS 

statistical package for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Characteristics of the study population

The mean age of the 205 patients was 43.5 yr (range 16.4 – 80.0 yr). There were 55 

males and 150 females. Free T3 indices were 7.0 ± 3.8 and free T4 indices were 333 ± 128 

(mean ± SD), serum TBII concentrations were 8.9 (5.0 – 18.6 IU/l) and TPO antibodies 

were 420 (40 – 2610 kU/l) (median values with interquartile range). Goiter size was grade 

0 in 67%, grade I in 18%, grade II in 11%, and grade III in 4% of patients. Graves’ 

orbitopathy was present in 20%, and pretibial myxedema in 5%. Hyperthyroid symptom 

score was 15.1 ± 7.1(mean ± SD). None of the patients was pregnant, but 67% of women 

had been pregnant in the past.  Oral contraceptives were used by 27%. There were 

38% current smokers, 29% ex-smokers, and 33% never smokers. The prevalence of 

particular genotypes was as follows: HLA DRB1*03, 63%; HLA DQA1*05, 73%; HLA 

DQB1*02, 61.5%; CTLA4 49A/G, heterozygotes 49.5%, homozygotes 13%; CTLA4 

CT60, heterozygotes 51%, homozygotes 32.5%; PTPN22 C/T, heterozygotes 28%, 

homozygotes 0%.

HLA genotypes

HLA polymorphisms DRB1*03, DQA1*05 and DQB1*02 were not associated with gender, 

age, biochemical severity (free T3 and free T4 indices) or immunological severity (TBII and 

TPO-Ab), with the single exception of a slightly higher TBII in DRB1*03 positive patients 

(Table 1). Neither were there associations with clinical severity of Graves’ hyperthyroidism 

Table 1 HLA-polymorphisms DRB1*03, DQA1*05, and DQB1*02 in relation to sex, age and disease 
severity in Caucasian patients with untreated first-episode of Graves’ hyperthyroidism.

DRB1*03 
positive 
(N = 129)

DRB1*03 
negative
(N = 76)

P 
value

DQA1*05 
positive
(N = 149)

DQA1*05 
negative
(N = 56)

P 
value

DQB1*02 
positive
(N = 126)

DQB1*02 
negative
(N = 79)

P 
value

HLA-LD
(N = 105)

No HLA-LD
(N = 100)

P 
value

Male gender 24.0 % 25.0 % 0.88 25.5 % 21.4 % 0.54 26.2 % 21.5 % 0.45 26.7 % 22.0 % 0.44

Age (years) 43.3 (32.4 - 53.3) 44.5 (34.5 - 53.2) 0.66 43.9 (32.4 - 53.5) 42.3 (34.1 - 52.1) 0.85 42.7 (31.5 - 53.0) 44.5 (34.8 - 54.3) 0.39 42.7 (31.5 - 53.0) 44.5 (34.8 - 54.3) 0.64

freeT3-index 7.2 (4.1) 6.5 (3.0) 0.28 7.2 (4.1) 6.4 (2.8) 0.21 7.3 (4.2) 6.4 (2.8) 0.13 7.3 (4.3) 6.6 (3.0) 0.23

freeT4-index 337 (134) 323 (116) 0.50 337 (133) 320 (114) 0.43 341 (133) 319 (119) 0.26 337 (133) 328 (124) 0.64

TBII (IU/l) 9.5 (5.4 - 21.6) 7.9 (4.2 - 12.5) 0.03 8.6 (4.6 - 19.4) 10.3 (5.5 - 14.8) 0.73 9.3 (5.3 - 21.4) 8.0 (4.8 - 15.8) 0.24 9.4 (5.4 - 22.3) 8.0 (4.8 - 14.6) 0.12

TPOAb (kU/l) 560 (70 - 2705) 240 (30 - 2530) 0.24 420 (40 - 2560) 450 (42 - 2902) 0.86 385 (40 - 2042) 570 (50 - >3000) 0.29 435 (52 - 2425) 380 (40 - 2790) 0.84

Values for Age, TBII and TPO-Ab are in median +  interquartile range (range between the 25th and the 75th 
percentiles), values for freeT3-index and freeT4-index are given in mean + SD. 
HLA-LD: HLA-linkage disequilibrium
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(goiter size, Graves’ orbitopathy, pretibial myxedema, hyperthyroid symptom score), nor 

with smoking and scores on the three stress questionnaires (data not shown). The HLA 

genotypes were in strong linkage disequilibrium (P < 0.01), but no differences in any 

parameter were observed between patients with and without HLA linkage disequilibrium 

(Table 1). When this analysis was done separately for each gender, the outcome was the 

same in females (no differences between the 78 women with and the 77 women without 

HLA linkage disequilibrium) but slightly different in males (Table 2). Men with HLA 

Table 1 HLA-polymorphisms DRB1*03, DQA1*05, and DQB1*02 in relation to sex, age and disease 
severity in Caucasian patients with untreated first-episode of Graves’ hyperthyroidism.

DRB1*03 
positive 
(N = 129)

DRB1*03 
negative
(N = 76)

P 
value

DQA1*05 
positive
(N = 149)

DQA1*05 
negative
(N = 56)

P 
value

DQB1*02 
positive
(N = 126)

DQB1*02 
negative
(N = 79)

P 
value

HLA-LD
(N = 105)

No HLA-LD
(N = 100)

P 
value

Male gender 24.0 % 25.0 % 0.88 25.5 % 21.4 % 0.54 26.2 % 21.5 % 0.45 26.7 % 22.0 % 0.44

Age (years) 43.3 (32.4 - 53.3) 44.5 (34.5 - 53.2) 0.66 43.9 (32.4 - 53.5) 42.3 (34.1 - 52.1) 0.85 42.7 (31.5 - 53.0) 44.5 (34.8 - 54.3) 0.39 42.7 (31.5 - 53.0) 44.5 (34.8 - 54.3) 0.64

freeT3-index 7.2 (4.1) 6.5 (3.0) 0.28 7.2 (4.1) 6.4 (2.8) 0.21 7.3 (4.2) 6.4 (2.8) 0.13 7.3 (4.3) 6.6 (3.0) 0.23

freeT4-index 337 (134) 323 (116) 0.50 337 (133) 320 (114) 0.43 341 (133) 319 (119) 0.26 337 (133) 328 (124) 0.64

TBII (IU/l) 9.5 (5.4 - 21.6) 7.9 (4.2 - 12.5) 0.03 8.6 (4.6 - 19.4) 10.3 (5.5 - 14.8) 0.73 9.3 (5.3 - 21.4) 8.0 (4.8 - 15.8) 0.24 9.4 (5.4 - 22.3) 8.0 (4.8 - 14.6) 0.12

TPOAb (kU/l) 560 (70 - 2705) 240 (30 - 2530) 0.24 420 (40 - 2560) 450 (42 - 2902) 0.86 385 (40 - 2042) 570 (50 - >3000) 0.29 435 (52 - 2425) 380 (40 - 2790) 0.84

Values for Age, TBII and TPO-Ab are in median +  interquartile range (range between the 25th and the 75th 
percentiles), values for freeT3-index and freeT4-index are given in mean + SD. 
HLA-LD: HLA-linkage disequilibrium

Table 2 Gender-specific analysis of age at diagnosis, disease severity and environmental exposure 
according to the presence of HLA linkage disequilibrium (HLA-LD) in Caucasian patients with 
untreated first-episode of Graves’ hyperthyroidism.

Male Female

HLA-LD 
(N = 28)

No HLA-LD 
(N = 22)

P 
Value

HLA-LD 
(N = 78)

No HLA-LD 
(N = 77)

P 
Value

Age (years) 41.5 (32.2 - 55.8) 45.5 (39.0 - 56.0) 0.38 43.0 (30.0 - 52.0) 43.5 (31.8 - 53.0) 0.87

freeT3-index 8.9 (6.2) 6.0 (2.2) 0.035 6.7 (3.3) 6.8 (3.2) 0.86

freeT4-index 368 (140) 294 (93) 0.051 325 (129) 338 (130) 0.57

TBII (IU/l) 10.0 (6.0 - 24.2) 8.2 (4.0 - 17.4) 0.26 9.3 (5.1 - 21.4) 8.0 (4.7 - 14.5) 0.29

TPOAb (kU/l) 725 (170 - 2956) 90 (<30 - 1980) 0.02 355 (40 - 1600) 540 (80 - 2970) 0.13

Current smoker 35 % 57 % 0.12 36 % 37 % 0.87

Daily Hassles

Total number 
of daily hassles

18 (13 - 28) 26 (9 - 35) 0.62 20 (10 - 32) 20 (11 - 32) 0.79

Intensity per 
hassle

1.4 (0.9 - 1.6) 1.7 (1.3 - 1.9) 0.02 1.5 (1.2 - 1.8) 1.6 (1.2 - 2.0) 0.28

Total intensity 
of all hassles

27 (11 - 40) 36 (11 - 60) 0.35 30 (14 - 56) 29 (16 - 58) 0.98

Values for Age, TBII, TPO-Ab and daily hassles are in median +  interquartile range (range between 
the 25th and the 75th percentiles), values for freeT3-index and freeT4-index are given in mean + SD. 
HLA-LD: HLA-linkage disequilibrium.
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linkage disequilibrium had more severe biochemical and immunological hyperthyroidism 

by means of higher serum free T3 index (P = 0.035), free T4 index (P = 0.051) and TPO-Ab 

(P = 0.02) compared to men without HLA linkage disequilibrium (Table 2). The number of 

current smokers was non-significantly lower in the linkage disequilibrium group (35% vs 

57%, P = 0.12). According to stress scores, the intensity per hassle was lower in men with 

HLA linkage disequilibrium (P = 0.02) while the total intensity of all hassles did not differ 

(P = 0.35). The data suggest more severe Graves’ hyperthyroidism and less daily hassles 

in males (but not in females) in whom HLA class II genes are in linkage disequilibrium.

Table 3 Relationship between CTLA4 49A/G polymorphism and sex, age, disease severity and 
environmental exposure in Caucasian patients with untreated first-episode of Graves’ hyperthyroidism.

 A/A Wildtype
(n = 76)

A/G Heterozygote
(n = 100)

G/G Homozygote
(n = 25)

P value

Male gender 25 % 23 % 31 % 0.74

Age (years) 47.5 (38.0 - 57.0) 41.0 (31.0 - 50.8) 40.5 (29.8 - 46.2) < 0.01

freeT3-index 6.7 (2.7) 7.2 (4.5) 7.2 (3.6) 0.47

freeT4-index 331 (124) 331 (134) 344 (131) 0.76

TBII (IU/l) 7.7 (4.5 - 14.1) 9.9 (5.4 - 18.8) 10.4 (3.5 - 24.0) 0.10

TPOAb (kU/l) 365 (40 - 2652) 395 (48 - 2260) 1310 (105 - 2903) 0.34

Current smokers 36 % 42 % 36 % 0.71

Stress scores

PANAS

Tendency to report negative 
feelings

22 (17 - 29) 22 (17 - 28) 24 (16 - 28) 0.65

Tendency to report positive 
feelings

37 (32 - 41) 37 (33 - 40) 38 (34 - 42) 0.36

Daily Hassles

Total number of daily hassles 21 (14 - 35) 20 (10 - 30) 15 (6 - 28) 0.08

Intensity per hassle 1.7 (1.3 - 2.0) 1.6 (1.2 - 1.8) 1.4 (0.8 - 1.7) < 0.01

Total intensity of all hassles 38 (20 - 60) 28 (14 - 54) 17 (6 - 46) 0.02

Recent Life Events

Total number of life events 8 (5 - 14) 9 (5 - 14) 6 (4 - 12) 0.44

Number of unpleasant events 5 (3 - 9) 5 (2 - 8) 3 (1 - 6) 0.13

Number of pleasant events 2 (1 - 5) 2 (1 - 5) 3 (1 - 5) 0.80

Amount of total 
unpleasantness

16 (7 - 33) 15 (7 - 28) 11 (4 - 19) 0.17

Amount of total pleasantness 9 (4 - 17) 10 (4 - 17) 8 (4 - 20) 0.97

Values for Age, TSH, TBII, TPO-Ab’s and stress scores are in median +  interquartile range (range between the 
25th and the 75th percentiles), values for HSS-score, freeT3-index and freeT4-index are given in mean + SD.
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CTLA4 genotypes

Table 3 lists associations with CTLA4 49A/G polymorphism. Whereas gender distribution 

was similar between the three genotypes, age at diagnosis of Graves’ hyperthyroidism 

decreased progressively with increasing number of G-alleles. G/G homozygotic patients 

were seven years younger when presenting with Graves’ hyperthyroidism compared to 

wild type patients. Biochemical, immunological and clinical severity were not related to 

the number of G-alleles, although there was a nonsignificant trend towards higher TBII 

and TPO-Ab concentrations in homozygotes. Goiter size also tended to be larger in the 

presence of G-alleles (goiter size grade 0 and grades ≥ I were 74% and 26% respectively 

in wild type, 67% and 33% in heterozygotes, and 54% and 46% in homozygotes, P = 

0.088 for trend). No associations were found with exposure to environmental factors, 

except exposure to stress. Trend analysis indicated progressively less daily hassles with 

increasing number of G-alleles.

We further analyzed CTLA4 49A/G polymorphism by comparing patients with A-alleles 

and patients with G-alleles, separately for each gender (Table 4). In males, the presence 

of G-alleles was associated with a younger age at time of diagnosis (9 years difference) 

and less exposure to daily hassles. In females, the presence of G-alleles was slightly 

related to younger age at diagnosis of Graves’ hyperthyroidism (3.5 years difference, just 

failing to reach statistical significance with a P value of 0.06), but not to the number of 

daily hassles or the total intensity of all hassles (only the intensity per hassle was lower).

Table 5 presents associations with CTLA4 CT60 polymorphism, which were available in 

165 patients. Trend analysis showed younger age at time of diagnosis with increasing 

number of G-alleles: homozygotes were 8 years younger as compared to wild type 

patients. No other associations were found, neither in biochemical, immunological or 

clinical severity of Graves’ hyperthyroidism, nor in gender and exposure to environmental 

factors. Table 4 contrasts patients with A-alleles and patients with G-alleles according to 

gender. Male patients with G-alleles were on average 4.7 years younger at the time of 

diagnosis, but the difference in age with A-allele patients was not significant (P = 0.12). 

Female patients with G-alleles were also non-significantly 2.7 years younger at the time of 

diagnosis (P = 0.12). No other associations were observed, neither in males nor in females.

PTPN22 genotypes

Table 6 compares patients with wild type PTPN22 C/C and patients with PTPN22 C/T 

(heterozygotes). No differences between both groups were observed, with the exception 

that heterozygotes had a greater tendency to report positive feelings (P = 0.008) and had 

experienced a greater number of pleasant events (P = 0.07) and a higher amount of total 

pleasantness (P = 0.06). The greater tendency to report positive feelings in the presence 

of a T-allele was stronger in males (P = 0.009) than in females (P = 0.081).
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Table 4 Gender-specific analysis of age at diagnosis, disease severity and environmental exposures 
according tot the presence of A- and G-alleles in SNPs CTLA4 49A/G and CT60 A/G in Caucasian 
patients with untreated first-episode of Graves’ hyperthyroidism.

CTLA4-49 CTLA4-60

Male Female Male Female

 A-allele 
(n = 61)

G-allele 
(n = 37)

P 
Value

 A-allele
 (n = 191)

G-allele 
(n = 113)

P 
Value

 A-allele 
(n = 30)

G-allele 
(n = 42)

P 
Value

 A-allele 
(n = 109)

G-allele 
(n = 149)

P 
Value

Age (years) 48.0 (39.1 - 57.4) 39.0 (32.2 - 47.4) < 0.01 45.2 (33.7 - 53.6) 41.7 (30.8 - 49.7) 0.06 45.9 (38.7 - 59.6) 41.2 (33.8 - 53.9) 0.12 44.6 (34.3 - 53.3) 41.9 (30.7 - 51.4) 0.12

freeT3-index 7.3 (4.7) 8.4 (5.9) 0.31 6.7 (3.0) 6.8 (3.5) 0.88 7.8 (6.2) 8.0 (5.7) 0.92 6.9 (3.4) 6.8 (3.2) 0.79

freeT4-index 325 (120) 360 (138) 0.21 334 (130) 330 (130) 0.84 339 (152) 356 (130) 0.62 341 (142) 336 (120) 0.76

TBII (IU/l) 8.0 (6.0 - 18.4) 10.1 (4.8 - 22.4) 0.62 8.5 (4.8 - 14.8) 10.2 (5.3 - 21.4) 0.09 8.2 (6.2 - 22.3) 10.9 (6.3 - 22.9) 0.65 8.1 (4.6 - 14.5) 9.6 (5.0 - 16.6) 0.24

TPOAb (kU/l) 260 (40 - 2660) 780 (95 - 2860) 0.26 420 (40 - 2350) 680 (50 - 2170) 0.72 325 (< 30 - 2630) 340 (108 - >3000) 0.25 450 (40 - 2170) 380 (40 - 2100) 0.83

Current smokers 46 % 44 % 0.85 36 % 39 % 0.62 59 % 46 % 0.30 41 % 40 % 0.79

Stress scores

PANAS

Tendency to 
report negative 
feelings

20 (16 - 24) 19 (16 - 27) 0.93 22 (17 - 30) 14 (18 - 29) 0.63 20 (17 - 23) 20 (16 - 27) 0.88 22 (18 - 29) 24 (19 - 30) 0.88

Tendency to 
report positive 
feelings

36 (32 - 40) 37 (32 - 39) 0.98 37 (32 - 41) 38 (33 - 42) 0.29 36 (34 - 39) 35 (30 - 39) 0.53 37 (32 - 41) 37 (32 - 42) 0.99

Daily Hassles

Total number 
of daily hassles

24 (14 - 32) 16 (7 - 26) 0.03 20 (12 - 33) 21 (9 - 32) 0.46 26 (14 - 33) 17 (9 - 28) 0.21 18 (12 - 28) 23 (11 - 36) 0.11

Intensity per 
hassle

1.5 (1.2 - 1.8) 1.4 (1.0 - 1.8) 0.58 1.7 (1.2 - 2.0) 1.5 (1.0 - 1.8) 0.02 1.4 (1.2 - 1.8) 1.5 (1.2 - 1.8) 0.58 1.6 (1.2 - 2.0) 1.6 (1.2 - 1.9) 0.71

Total intensity 
of all hassles

35 (12 - 48) 22 (8 - 34) 0.04 32 (18 - 58) 26 (13 - 56) 0.12 36 (10 - 49) 29 (11 - 46) 0.59 29 (18 - 49) 30 (15 - 61) 0.51

Recent Life 
Events

Total number 
of life events

8 (5 - 12) 8 (4 - 11) 0.62 9 (5 - 15) 9 (5 - 14) 0.56 8 (4 - 12) 7 (4 - 13) 0.88 8 (5 - 14) 9 (5 - 16) 0.41

Number of 
unpleasant 
events

4 (2 - 6) 3 (1 - 6) 0.38 5 (3 - 10) 5 (3 - 8) 0.20 3 (2 - 6) 3 (1 - 6) 0.80 5 (3 - 8) 5 (3 - 9) 0.39

Number of 
pleasant events

2 (1 - 4) 2 (1 - 3) 0.89 2 (1 - 5) 3 (1 - 6) 0.64 2 (1 - 4) 2 (1 - 3) 0.72 2 (1 - 5) 3 (1 - 6) 0.31

Amount 
of total 
unpleasantness

10 (6 - 18) 12 (3 - 19) 0.58 17 (7 - 35) 15 (7 - 29) 0.20 13 (6 - 22) 10 (6 - 20) 0.57 16 (8 - 30) 16 (8 - 33) 0.62

Amount 
of total 
pleasantness

9 (4 - 14) 9 (4 - 10) 0.68 10 (4 - 17) 10 (4 - 21) 0.70 9 (4 - 18) 9 (4 - 12) 0.94 10 (4 - 18) 11 (4 - 21) 0.50

Values for Age, TBII, TPO-Ab’s and stress scores are in median +  interquartile range (range between 
the 25th and the 75th percentiles), values for freeT3-index and freeT4-index are given in mean + SD.
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Table 4 Gender-specific analysis of age at diagnosis, disease severity and environmental exposures 
according tot the presence of A- and G-alleles in SNPs CTLA4 49A/G and CT60 A/G in Caucasian 
patients with untreated first-episode of Graves’ hyperthyroidism.

CTLA4-49 CTLA4-60

Male Female Male Female

 A-allele 
(n = 61)

G-allele 
(n = 37)

P 
Value

 A-allele
 (n = 191)

G-allele 
(n = 113)

P 
Value

 A-allele 
(n = 30)

G-allele 
(n = 42)

P 
Value

 A-allele 
(n = 109)

G-allele 
(n = 149)

P 
Value

Age (years) 48.0 (39.1 - 57.4) 39.0 (32.2 - 47.4) < 0.01 45.2 (33.7 - 53.6) 41.7 (30.8 - 49.7) 0.06 45.9 (38.7 - 59.6) 41.2 (33.8 - 53.9) 0.12 44.6 (34.3 - 53.3) 41.9 (30.7 - 51.4) 0.12

freeT3-index 7.3 (4.7) 8.4 (5.9) 0.31 6.7 (3.0) 6.8 (3.5) 0.88 7.8 (6.2) 8.0 (5.7) 0.92 6.9 (3.4) 6.8 (3.2) 0.79

freeT4-index 325 (120) 360 (138) 0.21 334 (130) 330 (130) 0.84 339 (152) 356 (130) 0.62 341 (142) 336 (120) 0.76

TBII (IU/l) 8.0 (6.0 - 18.4) 10.1 (4.8 - 22.4) 0.62 8.5 (4.8 - 14.8) 10.2 (5.3 - 21.4) 0.09 8.2 (6.2 - 22.3) 10.9 (6.3 - 22.9) 0.65 8.1 (4.6 - 14.5) 9.6 (5.0 - 16.6) 0.24

TPOAb (kU/l) 260 (40 - 2660) 780 (95 - 2860) 0.26 420 (40 - 2350) 680 (50 - 2170) 0.72 325 (< 30 - 2630) 340 (108 - >3000) 0.25 450 (40 - 2170) 380 (40 - 2100) 0.83

Current smokers 46 % 44 % 0.85 36 % 39 % 0.62 59 % 46 % 0.30 41 % 40 % 0.79

Stress scores

PANAS

Tendency to 
report negative 
feelings

20 (16 - 24) 19 (16 - 27) 0.93 22 (17 - 30) 14 (18 - 29) 0.63 20 (17 - 23) 20 (16 - 27) 0.88 22 (18 - 29) 24 (19 - 30) 0.88

Tendency to 
report positive 
feelings

36 (32 - 40) 37 (32 - 39) 0.98 37 (32 - 41) 38 (33 - 42) 0.29 36 (34 - 39) 35 (30 - 39) 0.53 37 (32 - 41) 37 (32 - 42) 0.99

Daily Hassles

Total number 
of daily hassles

24 (14 - 32) 16 (7 - 26) 0.03 20 (12 - 33) 21 (9 - 32) 0.46 26 (14 - 33) 17 (9 - 28) 0.21 18 (12 - 28) 23 (11 - 36) 0.11

Intensity per 
hassle

1.5 (1.2 - 1.8) 1.4 (1.0 - 1.8) 0.58 1.7 (1.2 - 2.0) 1.5 (1.0 - 1.8) 0.02 1.4 (1.2 - 1.8) 1.5 (1.2 - 1.8) 0.58 1.6 (1.2 - 2.0) 1.6 (1.2 - 1.9) 0.71

Total intensity 
of all hassles

35 (12 - 48) 22 (8 - 34) 0.04 32 (18 - 58) 26 (13 - 56) 0.12 36 (10 - 49) 29 (11 - 46) 0.59 29 (18 - 49) 30 (15 - 61) 0.51

Recent Life 
Events

Total number 
of life events

8 (5 - 12) 8 (4 - 11) 0.62 9 (5 - 15) 9 (5 - 14) 0.56 8 (4 - 12) 7 (4 - 13) 0.88 8 (5 - 14) 9 (5 - 16) 0.41

Number of 
unpleasant 
events

4 (2 - 6) 3 (1 - 6) 0.38 5 (3 - 10) 5 (3 - 8) 0.20 3 (2 - 6) 3 (1 - 6) 0.80 5 (3 - 8) 5 (3 - 9) 0.39

Number of 
pleasant events

2 (1 - 4) 2 (1 - 3) 0.89 2 (1 - 5) 3 (1 - 6) 0.64 2 (1 - 4) 2 (1 - 3) 0.72 2 (1 - 5) 3 (1 - 6) 0.31

Amount 
of total 
unpleasantness

10 (6 - 18) 12 (3 - 19) 0.58 17 (7 - 35) 15 (7 - 29) 0.20 13 (6 - 22) 10 (6 - 20) 0.57 16 (8 - 30) 16 (8 - 33) 0.62

Amount 
of total 
pleasantness

9 (4 - 14) 9 (4 - 10) 0.68 10 (4 - 17) 10 (4 - 21) 0.70 9 (4 - 18) 9 (4 - 12) 0.94 10 (4 - 18) 11 (4 - 21) 0.50

Values for Age, TBII, TPO-Ab’s and stress scores are in median +  interquartile range (range between 
the 25th and the 75th percentiles), values for freeT3-index and freeT4-index are given in mean + SD.
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DISCUSSION

The investigated genetic variants in HLA, CTLA4 and PTPN22 all carry a risk for Graves’ 

disease21,22. The variants cause abnormalities in antigen presentation and T-cell 

activation in the immunological synapse, thus playing a significant role in the etiology 

of Graves’ disease23. The observed frequencies of genetic variants in our population of 

Table 5 Relationship between CTLA4 CT60 A/G polymorphism and sex, age, disease severity and 
environmental exposure in Caucasian patients with untreated first-episode of Graves’ hyperthyroidism.

 A/A Wildtype 
(n = 27)

A/G Heterozygote 
(n = 85)

G/G Homozygote 
(n = 53)

P Value

Male gender 18 % 23 % 22 % 0.79

Age (years) 46.0 (38.0 - 57.0) 43.0 (33.0 - 51.5) 38.0 (30.0 - 51.0) 0.04

freeT3-index 7.3 (3.3) 7.0 (4.6) 7.1 (3.2) 0.88

freeT4-index 343 (146) 339 (144) 339 (105) 0.91

TBII (IU/l) 7.2 (4.2 - 10.5) 9.8 (5.4 - 19.4) 10.1 (4.9 - 18.4) 0.28

TPOAb (kU/l) 520 (< 30 - 2870) 260 (40 - 1820) 565 (108 - 2955) 0.37

Current smokers 56 % 38 % 43 % 0.48

Stress scores

PANAS

Tendency to report 
negative feelings

23 (20 - 31) 21 (16 - 27) 24 (19 - 30) 0.71

Tendency to report 
positive feelings

37 (33 - 41) 36 (33 - 40) 37 (30 - 42) 0.83

Daily Hassles

Total number of daily 
hassles

18 (12 - 32) 19 (12 - 28) 26 (9 - 37) 0.43

Intensity per hassle 1.7 (1.2 - 2.0) 1.5 (1.2 - 1.8) 1.6 (1.2 - 1.9) 0.90

Total intensity of all 
hassles

33 (18 - 55) 28 (14 - 48) 29 (14 - 69) 0.78

Recent Life Events

Total number of life 
events

11 (6 - 15) 7 (4 - 12) 9 (5 - 17) 0.50

Number of unpleasant 
events

4 (3 - 9) 4 (2 - 7) 5 (3 - 10) 0.46

Number of pleasant 
events

3 (2 - 6) 2 (1 - 3) 3 (1 - 6) 0.26

Amount of total 
unpleasantness

20 (12 - 35) 13 (6 - 22) 17 (8 - 39) 0.79

Amount of total 
pleasantness

10 (7 - 24) 8 (4 - 13) 13 (4 - 23) 0.56

Values for Age, TBII, TPO Ab’s and stress scores are in median +  interquartile range (range between 
the 25th and the 75th percentiles), values for freeT3-index and freeT4-index are given in mean + SD.
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patients with Graves’ hyperthyroidism are in good agreement with figures reported in 

other studies in adult Caucasian patients with Graves’ disease. The corresponding figures 

in the present study and in the literature are respectively: for HLA, DRB1*0304 63% 

and 47-48%, DQB1*02 61% and 58-59%, DQA1*0501 73% and 63-67%, haplotype 

DRB1*304-DQB1*02-DQA1*0501 51% and 47% 24,25; for CTLA4 49A/G, AA 37.8% and 

27-39%, AG 49.8% and 45-59%, GG 12.4% and 14-25%, A-alleles 63% and 52-57%, 

G-alleles 37% and 44-48% 25-29; for CTLA4 CT60, AA16.4% and 13-17%, AG 51.5% and 

46-53%, GG 32.1% and 30-41%, A-alleles 42% and 36-44%, G-alleles 58% and 56-64% 
28,29; for PTPN22 C/T, CC 72% and 65-74%, CT 28% and 25-31%, TT 0% and 1-4%, 

C-alleles 86% and 81-86%, T-alleles 14% and 14-19% 17,30. 

The well-known linkage disequilibrium between Graves’ disease and genes in the HLA 

class II region, also observed in our study, is due to the extended haplotype DRB1*304-

Table 6 Relationship between the PTPN22 C/T polymorphism and sex, age, disease severity and 
environmental exposure in Caucasian patients with untreated first-episode of Graves’ hyperthyroidism.

PTPN22 C/C 
(n = 147)

PTPN22 C/T 
(n = 58)

P Value

Male gender (%) 24 % 24 % 0.96

Age (years) 44.0 (33.7 - 53.2) 41.0 (31.1 - 53.2) 0.58

freeT3-index 6.9 (3.7) 7.0 (3.9) 0.89

freeT4-index 341 (136) 313 (104) 0.18

TBII (IU/l) 8.9 (4.8 - 18.5) 9.0 (5.4 - 18.9) 0.86

TPOAb (kU/l) 330 (40 - 1795) 710 (58 - >3000) 0.12

Current smokers 38 % 39 % 0.94

Stress scores

PANAS

   Tendency to report negative feelings 22 (17 - 29) 21 (17 - 27) 0.41

   Tendency to report positive feelings 36 (32 - 40) 40 (35 - 42) < 0.01

Daily Hassles

   Total number of daily hassles 20 (10 - 32) 21 (12 - 30) 0.73

   Intensity per hassle 1.6 (1.2 - 1.9) 1.6 (1.2 - 1.8) 0.64

   Total intensity of all hassles 29 (14 - 56) 29 (13 - 49) 0.91

Recent Life Events

   Total number of life events 8 (5 - 14) 9 (5 - 12) 0.78

   Number of unpleasant events 5 (3 - 9) 4 (2 - 7) 0.35

   Number of pleasant events 2 (1 - 4) 3 (1 - 6) 0.07

   Amount of total unpleasantness 15 (7 - 31) 14 (8 - 25) 0.68

   Amount of total pleasantness 9 (4 - 14) 11 (5 - 23) 0.06

Values for Age, TBII, TPO-Ab’s and stress scores are in median +  interquartile range (range between 
the 25th and the 75th percentiles), values for freeT3-index and freeT4-index are given in mean + SD.
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DQB1*02-DQA1*501 24. It indicates lack of independent associations of each allele with 

Graves’ disease; the primary susceptibility gene, however, might well be DRB1*03 23. 

The two SNPs CTLA4 49A/G and CTLA4 60CT are in the same haplotype block and also 

in linkage disequilibrium28,29,31,32. The occurrence of SNPs in CTLA4 is independent 

of the presence of DRB1*03 28. Likewise, the frequency of the PTPN22 C/T variant is 

independent of DRB1*03 and CTLA4 49A/G 30. Thus, the genetic variants in HLA, CTLA4 

and PTPN22 are independent risk factors for Graves’ disease16.

Genotypes in relation to phenotypes

We observed a significant younger age at time of diagnosis of Graves’ hyperthyroidism 

in patients with SNPs in CTLA4, both in 49A/G and 60CT A/G genotypes. The G-allele of 

both SNPs increases the odds for Graves’ disease31, and a dose-response effect for the 

G-allele was found by trend analysis: G/G homozygotes were the youngest. We did not 

find a relation between age of onset and the genetic variants in HLA class II and PTPN22. 

Our data are at variance with a Polish study in adult Caucasian patients with Graves’ 

hyperthyroidism, which observed no relationship between age of onset and HLA variants 

or CTLA4 49A/G but patients with G-alleles of the PTPN22 SNP were 10 years younger30. 

The age difference in our cohort is in the same range: 7 years for the difference between 

homozygotes and wild type of CTLA4 49A/G, and 8 years for that of CTLA4 CT60. 

These figures are in the same order of magnitude when the age of onset is related to a 

family history of thyroid disease33. A positive family history is associated with a younger 

age of onset as compared to no family history (difference 6 years in males and 5 years in 

females)34. Interestingly, there are no significant differences between the frequencies of 

HLA class II polymorphisms and the susceptibility alleles of CTLA4 49A/G and CT60 SNPs 

in the familial and sporadic cases of Graves’ disease, suggesting that additional genes 

must contribute to the aggregation of Graves’ disease within families16.

 The distribution of gender was similar in patients with or without the investigated genetic 

variants, in agreement with previous studies30,32. We also did not observe a relationship 

between genotypes and biochemical, immunological or clinical severity of Graves’ 

hyperthyroidism, with the single exception that males in HLA linkage disequilibrium had 

more severe (biochemical and immunological) hyperthyroidism than males without HLA 

linkage disequilibrium; this was not observed in females. We could not find comparative 

data on this topic in the literature. There are just a few studies reporting the absence 

of a relationship between HLA class II, CTLA4 or PTPN22 variants and the presence 

of Graves’ ophthalmopathy27,30,32,35. In summary, phenotypic appearance of Graves’ 

hyperthyroidism in our study did not differ between genotypes, but the age at diagnosis 

was significantly younger in carriers of G-alleles in CTLA4 polymorphisms.
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Genotypes in relation to environmental factors

The proportion of current smokers did not differ between patients with or without the 

genetic variants in HLA, CTLA4 or PTPN22. In contrast, the polymorphism CTLA4 49A/G 

(but none of the other genotypes) was quantitatively related to stress exposure. The 

total number of daily hassles, the intensity per hassle, and the total intensity of daily 

hassles were all lower in carriers of the G-allele of this polymorphism in a dose-dependent 

manner. The CTLA4 49A/G SNP was not related to mood (PANAS scales) or to recent 

life events. According to psychological studies, everyday exposure to daily hassles in 

general constitutes a greater burden of stressors than incidental exposure to major life 

events12,36. The observation of less daily hassles is not biased by mood changes in our 

study (current mood state may influence the perception and thereby the scores of daily 

hassles and recent life events)12,36. Less daily hassles in carriers of G-alleles of CTLA4 

49A/G can also not be explained by their lower age, as recent studies have shown a 

progressive decrease in daily hassles with advancing age in healthy subjects with highest 

scores occurring in the youngest age groups of <40 year37. The finding that SNP CTLA4 

49A/G is associated with younger age at diagnosis and with less exposure to stress, 

supports our preformulated hypothesis that subjects with genetic susceptibility for 

Graves’ disease might require less exposure to environmental factors for contracting 

Graves’ hyperthyroidism. A literature search did not reveal other studies relating genetic 

variants in HLA, CTLA4 and PTPN22 to environmental factors, apart from the notion that 

the frequency of tobacco smoking was not related to the SNP in PTPN22 30.

Genotypes in relation to gender

Subset analysis has been shown to be a powerful method to dissect the roles of “weak” 

susceptibility genes in complex diseases: weak susceptibility genes may have a stronger 

effect in a particular subset of patients23. Because the median age at diagnosis of Graves’ 

disease is lower in women than in men, and younger age is associated with more severe 

hyperthyroidism (higher serum FT4)34, we performed a subset analysis according to 

gender. 

Comparing women with and without HLA linkage disequilibrium, no differences were 

found. But men with HLA linkage disequilibrium had more severe (biochemical and 

immunological) hyperthyroidism and a lower intensity per hassle. Furthermore, the amount 

of current smokers in men with HLA linkage disequilibrium was lower (35% vs. 57%, P = 

0.12) and their age at diagnosis was 4 year lower than males not in linkage disequilibrium. 

The difference was not significant most likely due to the small sample size of males.

With regard to CTLA4 49A/G, male carriers of a G-allele had a lower age at diagnosis 

and less daily hassles; their values of free T4 index, free T3 index, TBII and TPO were   

– albeit not significantly- higher. These associations were much weaker in female 

carriers of G-alleles (despite the greater sample size of females) but the trend was in 
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the same direction. Female patients carrying a G-allele were 3.5 years younger at time of 

diagnosis compared to A-allele carriers (P = 0.06). 

Evaluation of SNP CTLA4 CT60 according to gender did not disclose new findings; the 

lower age at diagnosis in the presence of G-alleles was non-significantly observed in both 

sexes (P = 0.12). For the SNP PTPN22 C/T, the age at diagnosis in males was 5 year lower 

in heterozygotes than in wild type but the difference was not significant, whereas the 

age in females was not dependent of G-alleles (data not shown).  

Gender-specific analysis thus disclosed that the association of CTLA4 49A/G with 

younger age at diagnosis and less daily hassles was maintained in males but lost in 

females. Furthermore, males in HLA linkage disequilibrium had more severe (biochemical 

and immunological) hyperthyroidism, and tended to be younger at diagnosis and less 

exposed to tobacco smoking and hassles; this was not observed in females. Because the 

proportion of patients with HLA linkage disequilibrium and of patients with G-alleles of 

CTLA4 SNPs did not differ between males and females, the conclusion seems warranted 

that the impact of susceptibility genes is greater in males than in females. It follows 

that the role of environmental factors in the pathogenesis of Graves’ disease might be 

relatively greater in females than in males.

Strengths and limitations

The main strength of the present study is its prospective nature, allowing simultaneous 

assessment in each patient of phenotypic appearance of first episodes of Graves’ 

hyperthyroidism and exposure to environmental factors in relation to genotypes. The 

study might well be representative for the whole Dutch adult population of Caucasian 

patients with Graves’ hyperthyroidism, because we included consecutive patients 

originating from nine hospitals throughout The Netherlands; almost all hyperthyroid 

patients in The Netherlands are treated by hospital-based specialists. The frequencies 

of the various genotypes are in good accordance with literature data, lending further 

validity to our study findings.

 A limitation of our study is that we did not assess all presently known susceptibility genes, 

not to speak of the many more unknown genotypes which must be involved in Graves’ 

disease. We restricted ourselves, however, to genotypes that have been widely studied 

and whose functional significance is to a certain extent understood. The main limitation 

in our view is the still limited sample size, which is a severe drawback especially in the 

gender-specific analysis. Trends observed in males might very well become significant 

with a larger sample size.

Concluding remarks

The number of G-alleles in the SNP CTLA4 49A/G and to a lesser extend in CTLA4 CT60 

is dose-dependently associated with younger age at diagnosis of Graves’ hyperthyroidism 

78

proefschrift Vos.indb   78 28-1-2013   15:17:24



Genotypes and environment in Graves’ disease

Chapter

5

and less exposure to stress. This was not observed for polymorphisms of HLA and PTPN22. 

The divergent effects of the various genetic variants may have emerged not by chance: 

the attributable fraction (that is a measure of the proportion of the risk conferred) for 

CTLA4 SNPs in autoimmune thyroid disease is around 25%, one of the highest known 

for any gene in a complex disorder31. Thus any inverse relationship between frequencies 

of susceptibility alleles and exposure to stress is likely more easily detected in CTLA4 than 

in other genes. The data support the hypothesis that subjects with genetic susceptibility 

for Graves’ disease might require less exposure to environmental factors to get the 

disease. Gender-specific analysis was hindered by limited sample size, especially in males. 

Nevertheless, males with HLA linkage disequilibrium had more severe hyperthyroidism 

which was not observed in females and the association of G-alleles in SNP CTLA4 49A/G 

with younger age and less stress was preserved in males but not in females. Thus the role 

of susceptibility genes might be greater and the role of environmental factors might be 

smaller in males compared to females.
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Chapter 6

ABSTRACT

Context Treatment options of Graves’ hyperthyroidism are antithyroid drugs, radioiodine 

therapy, or surgery and should be best tailored to the needs of individual patients, taken 

into account recurrence risk, co-morbidities and personal preferences. The likelihood 

of remission after a course of antithyroid drugs would be very relevant for selecting a 

particular treatment.

Objective To construct a prediction model to calculate risk of recurrence after a course 

of antithyroid drugs, based on clinical and genetic parameters prior to the start of 

treatment.

Design, Setting, and Participants 263 consecutive, untreated patients with a first 

episode of Graves’ hyperthyroidism were included in a prospective, multicenter, 

observational study. Before the start of one year antithyroid drug therapy, smoking 

behavior and clinical parameters were recorded; blood was taken to determine thyroid 

hormones, antibodies and genetic polymorphisms. Patients were followed up until two 

years after withdrawal of therapy. 

Main Outcome Measures Determine clinical and genetic markers that are independently 

associated with recurrence after antithyroid drug therapy and to construct a multimarker 

prediction model for recurrence.

Results 37% of patients had recurrence Graves’ hyperthyroidism within two years after 

antithyroid drugs withdrawal. In Cox regression, lower age at diagnosis, higher serum 

fT4, higher serum TBII, larger goiter sizes, PTPN22 C/T polymorphism, and HLA subtypes 

DQB1*02, DQA1*05, and DRB1*03 were independent predictors for recurrence. Two 

simplified predictive models for recurrence, called the GREAT (Graves’ Recurrent Events 

After Therapy) score for clinical markers, and the GREAT+ score for the combination of 

clinical and genetic markers, were calculated based on hazard ratios of the multivariate 

model. The GREAT and GREAT+ scores were divided into classes according to recurrence 

rates. Higher recurrence rate were observed in GREAT score Class III (68%) when 

compared with Class II (44%) or Class I (16%). The GREAT+ score showed much higher 

rates of recurrence in the Class IV+ (84%), compared with Class III+ (49%), Class II+ (21%) 

and Class I+ (4%). 

Conclusion Our prediction model based on simple clinical assessment, supplemented 

with genotyping where necessary, can be of great value in individualized treatment of 

newly diagnosed patients with Graves’ hyperthyroidism in routine clinical practice. 
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INTRODUCTION

Treatment options of Graves’ hyperthyroidism are antithyroid drugs, radioiodine therapy, 

or surgery. Recently a worldwide survey under 730 physicians showed a great geographical 

variation in preferred treatment for a first episode of Graves’ hyperthyroidism1. In the 

USA radioiodine therapy is the first choice in 58.6% whereas in Europe antithyroid drugs 

are favored (85.7%) above radioiodine therapy (13.3%). A shift away from preferred 

treatment modality was observed in the presence of Graves’ orbitopathy, large goiter size 

or pregnancy desire.

Treatment is best tailored to the needs of individual patients, taking into account 

co-morbidities and personal preferences. The likelihood of remission after a course of 

antithyroid drugs would be very relevant for selecting a particular treatment. If the 

change of remission is low, thyroidectomy or radioiodine therapy might be preferable. 

The overall remission rate after a course of antithyroid drugs varies between 30 – 50%2-4 

with geographical differences in iodine intake accounting for some of the variation in 

long-term remission rates. Several factors predict to a certain extent the likelihood of 

recurrence after antithyroid drug therapy. Young age (< 40 years)2-6, severe biochemical 

disease2;5;7;8, high concentrations of thyrotropin-binding inhibitor immunoglobulin 

(TBII)4;5;8-12, large goiter size2;4;5;8;9;12, and smoking13;14 are all related to higher 

recurrence rates. However, the majority of these studies assessed the predictive 

parameters at the time of antithyroid drug withdrawal and not at time of diagnosis. 

Studies assessing predictive parameters before treatment indicate as risk factor for 

recurrence a large goiter and greater biochemical severity, whereas the contribution 

of age, sex, smoking, and high TSH receptor antibodies differ between studies15. We 

wondered whether known susceptible genes for Graves’ hyperthyroidism may contribute 

to the prediction of recurrence. There are few data on the influence of genetics on 

recurrence rates after antithyroid drug therapy. The studies that have been published so 

far are performed in different ethnic groups and show discrepant results12;16-19.  

The goal of the present study was to construct a prediction model to calculate the risk 

of recurrence of Graves’ hyperthyroidism after a course of antithyroid drugs, based on 

assessment prior to the start of treatment. In this era of personalized medicine we wanted 

to develop a predictive score that is readily applicable in individual patients. It would 

allow to reach an informed decision on the most appropriate therapeutic approach for 

a given patient at the time of presentation. We investigated whether at baseline, clinical 

and genetic factors -alone or in combination- improve the prediction of recurrence after 

antithyroid drug therapy in a cohort of consecutive, untreated, Dutch Caucasian patients 

with a first episode of Graves’ hyperthyroidism. 
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METHODS

Study population

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

hyperthyroidism in a prospective, multicenter, observational study. Patients were included 

from one university and eight city hospitals in The Netherlands. Inclusion criteria were: 

biochemical hyperthyroidism (TSH < 0.4 mU/l, free thyroxine (fT4) > 23 pmol/l and/

or triiodothyronine (T3) > 2.7 nmol/l) and a diffuse homogeneous uptake on thyroid 

scintigraphy (99mTc-pertechnetate). Exclusion criteria were: recurrence of Graves’ disease; 

no written informed consent, and no understanding of the Dutch language. As described 

previously, 263 patients were assembled satisfying these inclusion and exclusion criteria20. 

Antithyroid drug therapy employed a block and replacement regimen, consisting of 30mg 

thiamazole and levothyroxine in a dose to maintain normal serum fT4 levels (10 – 23 

pmol/l). Patients were treated for 1 year and followed up for two years after withdrawing 

therapy. Recurrent hyperthyroidism was defined as TSH < 0.4 mU/l in combination with 

elevated fT4 (> 23 pmol/l) and/or T3 (> 2.7 nmol/l). 

Baseline smoking behavior and clinical parameters like sex, age, goiter size as assessed 

by inspection and palpation according to WHO 1960 criteria21, pretibial myxedema and 

Graves’ orbitopathy were recorded. Nonfasting venous blood samples were taken before 

treatment to determine thyroid hormones, antibodies and genetic polymorphisms. 

The study was approved by the Institutional Review Board of the Academic Medical 

Center of Amsterdam and the eight other participating centers. All patients gave written 

informed consent.

Laboratory measurements

Blood samples for thyroid hormones and autoantibodies measurements were stored at 

-20 °C until assay. Serum fT4 was assayed by time-resolved fluoroimmunoassay (Delfia, 

Turku, Finland). Serum thyrotropin (TSH) was determined with a fluoroimmunometric 

assay (Delfia hTSH, Perkin Elmer, Turku, Finland). Autoantibodies against thyroid 

peroxidase (TPO-Ab) were analyzed by anti-TPO LIA (B.R.A.H.M.S., Berlin, Germany; 

detection limit 30 kU/l). Serum thyrotropin-binding inhibitory immunoglobulin (TBII) 

was determined by a second generation luminescence receptor assay (TRAK human 

LIA, B.R.A.H.M.S., Berlin, Germany; detection limit 1.0 IU/l). All measurements were 

performed at the laboratory of the Academic Medical Center of Amsterdam.

Genotyping

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

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

to the manufacturer’s protocol. Genomic amplifications were obtained by polymerase 
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chain reaction (PCR) using the TGradient Thermocycler (Biometra, Göttingen, Germany).  

CTLA4 49A/G (rs231775) and CTLA4 CT60 (rs3087243) single nucleotide polymorphisms 

(SNP) were detected using primers as described before22. The SNP in PTPN22 (rs2476601) 

was detected using previously described primers23. The PCR reaction was performed 

according to the previously described protocol24.  Sequencing was performed using the 

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

was done using the Sequencing Analysis 5.1 en CodonCode Aligner 5.2.1 programs. 

HLA subtypes DQB1*02, DQA1*05, and DRB1*03 were identified on a LightCycler 480 

(Roche Molecular Diagnostics) using LightCycler480 High Resolution Melting Master 

(Roche Molecular Diagnostics) according to the manufacturer’s protocol. Primers 

sequences were as described before for DQB1*0225, DQA1*0526 and DRB1*0325;27.

Statistical analysis

Statistical analyses were carried out using the SPSS statistical package for Windows, 

version 18.0. (SPSS Inc., Chicago, IL, USA). Skewed distributed variables were compared 

with the Wilcoxon rank-sum test. Categorical variables were compared with the chi-square 

test. The prognostic value of the different variables was assessed by investigating the 

relationship between recurrence and variables in two sets of Cox proportional-hazards 

analyses: univariate analyses of single variables and multivariate analysis including clinical, 

genetic or all variables. The univariate analyses were used to determine cutoff values for 

the variables. First, we determined cut-off values for each of the quantitative predictor 

variables using ROC analyses.  

Three multivariate models were developed; a clinical model composed of clinical and 

biochemical parameters; a genetic model composed of genetic polymorphisms; and a 

combined model incorporating both clinical and genetic variables. All variables associated 

with recurrence in univariate analysis with a P value ≤ 0.10 were taken into consideration.  

In multivariate analysis, independent predictors were identified by the Wald test with 

a p-value < 0.05. From the final model, simplified scores were obtained by assigning 

weights to individual variables proportional to the hazard ratio (HR) coefficients. Thus, 

we developed the Graves’ Recurrent Events After Therapy score (GREAT Score), taking 

into account clinical and biochemical variables and the GREAT+ Score (with genotypes 

added to the clinical and biochemical variables). The two scores allow calculation of the 

risk of recurrence after antithyroid drug withdrawal: the higher the score, the higher risk 

of recurrence. The risk scores were then grouped into three or four for classes of risk. 

Cumulative recurrence rates by risk class were estimated with the Kaplan-Meier method 

and compared with the log-rank test.
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RESULTS

A total of 263 consecutive newly diagnosed, untreated Graves’ hyperthyroidism patients 

were included20. For follow up analysis in this study 67 patients were excluded; 51 

because of non-Caucasian race, 12 patients preferred other therapy like radioiodine or 

thyroidectomy, and 4 patients received monotherapy with propylthiouracil because of 

pregnancy desire. Of the remaining 196 patients 2 patients were excluded for follow up 

because of thiamazole agranulocytosis or allergy during antithyroid drug treatment. 12 

patients were lost to follow up after their first presentation and 4 were lost to follow up 

after withdrawal of therapy (Figure 1). From the remaining analysis cohort (n = 178) 66 

patients (37%) had a recurrence within 2 years after withdrawal of antithyroid drugs. 

Baseline characteristics are shown in Table 1. Patients who had a recurrence were 6 

years younger compared with non-recurrence patients and had a biochemically and 

clinically more severe hyperthyroidism as evident from higher serum fT4 and TBII levels 

Figure 1: Flow chart of the source population

Patients with first episode of 
Graves’ hyperthyroidism

Source population
263

Other therapy than BRT 16

Study cohort
196

Exclusion through side effects 2

Lost to follow up within 1st year 12

51Non Caucasian

Lost to follow up after stop BRT 4

Analysis cohort
178

BRT = Block and Replacement Therapy
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Table 1: Baseline Characteristics of Untreated Patients with a First Episode of Graves’ Hyperthyroidism 
Before Start of Block and Replacement Therapy Subdivided into Recurrence and Non Recurrence 
patients.

Clinical characteristics All
(n = 178)

Recurrence
(n = 66)

Non Recurrence
(n = 112)

P Value

Male sex, No. (%) 41 (23) 14 (21) 27 (24) 0.66

Age (years) 44.3 (33.2 – 54.3) 40.3 (30.6 – 50.6) 46.5 (38.4 – 55.6) 0.02

fT4 (pmol/l) 50.3 (36.2 - > 70.0) 53.6 (40.2 - > 70.0) 45.0 (33.7 - > 70.0) 0.05

TBII (IU/l) 8.4 (4.8 – 17.2) 9.7 (5.9 – 22.0) 7.2 (3.9 – 15.5) 0.02

TPOAb (kU/l) 310 (40 – 2610) 420 (45 – 2936) 260 (40 – 2028) 0.39

Goitersize a, No. (%) 0.02

0 125 (71) 39 (59) 86 (78)

I 31(18) 13 (20) 18 (16)

II 16 (9) 10 (15) 6 (5)

III 5 (3) 4 (6) 1 (1)

Graves’ orbitopathy, No. (%) 31 (17) 14 (21) 17 (15) 0.30

Pretibial myxedema, No. (%) 9 (5) 4 (6) 5 (4) 0.64

Current smoking, No. (%) 71 (41) 29 (45) 42 (38) 0.27

CTLA4-49, No. (%) 0.63

A/A Wild type 64 (38) 22 (35) 42 (40)

A/G heterozygote 86 (51) 35 (56) 51 (48)

G/G homozygote 19 (11) 6 (10) 13 (12)

CTLA4-60, No. (%) 0.58

A/A Wild type 22 (16) 8 (15) 14 (16)

A/G heterozygote 76 (54) 32 (59) 44 (51)

G/G homozygote 43 (30) 14 (26) 29 (33)

PTPN22, No. (%) 0.07

C/C Wild type 119 (70) 40 (62) 79 (74)

C/T heterozygote 52 (30) 25 (38) 27 (26)

HLA, No. (%)

DRB1-03 positive 108 (63) 48 (74) 60 (57) 0.02

DQA1-05 positive 124 (72) 55 (85) 69 (65) 0.006

DQB1-02 positive 105 (61) 48 (74) 57 (54) 0.009

Linkage disequilibrium 87 (51) 42 (65) 45 (42) 0.005

Values for Age, fT4, TBII and TPO-Ab are in median + interquartile range (range between the 
25th and the 75th percentiles).  Abbreviations: fT4 = free T4; TBII = thyrotropin-binding inhibitory 
immunoglobulin; TPOAb = thyroid peroxidase antibody; CTLA4 = Cytotoxic T-Lymphocyte Antigen 
4; PTPN22 = Protein tyrosine phosphatase, non-receptor type 22; HLA = Human Leukocyte Antigen 
aGoiter 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.
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and a greater goiter size. No differences were found for sex, the presence of pretibial 

myxedema, Graves’ orbitopathy or smoking behavior at time of starting antithyroid drugs. 

Higher frequencies for the PTPN22 SNP and HLA polymorphisms DRB1-03, DQA1-05 and 

DQB1-02 (but not for CTLA4-49 and CTLA4-60 SNP’s) were found in the recurrence- 

compared to the non-recurrence patients.  

Table 2. Hazard Ratios for Recurrence after a Course of Antithyroid Drugs for Selected Baseline 
Characteristics in Univariate and Multivariate Analyses.

Univariate 
Analyses

Multivariate 
Analysesc

Combined 
Multivariate analysesd

Recurrence % (n/N) Hazard Ratio (95% CI) p Value Hazard Ratio (95% CI) p 
Value

Hazard Ratio (95% CI) p 
Value

Clinical characteristics

Age (years)

≥ 40 30.0 (34/113) Reference Reference Reference

< 40 49.2 (32/65) 1.84 (1.14 - 2.99) 0.01 1.76 (1.07 - 2.88) 0.02 1.91 (1.14 - 3.20) 0.01

Serum fT4 (pmol/l)

< 40 25.0 (15/60) Reference Reference Reference

≥ 40 43.2 (51/118) 2.10 (1.18 - 3.74) 0.01 1.67 (0.91 – 3.05) 0.10 1.89 (1.03 - 3.46) 0.04

Serum TBII (IU/l)

< 6 25.8 (16/62) Reference Reference Reference

6 – 19.9 39.2 (31/79) 1.69 (0.93 - 3.05) 0.08 1.54 (0.83 - 2.84) 0.17 1.75 (0.93 – 2.29) 0.08

≥ 20 54.5 (18/33) 3.09 (1.59 - 6.00) < 0.001 2.47 (1.24 – 4.93) 0.01 2.21 (1.08 - 4.51) 0.03

Goiter size a

0 – I 33.3 (52/156) Reference Reference Reference

II - III 66.7 (14/21) 3.42 (1.89 - 6.19) < 0.001 2.59 (1.38 - 4.86) 0.003 3.02 (1.54 - 5.94) 0.001

Genetic characteristics

Nr. of HLA polymorphisms b

0 13.8 (4/29) Reference Reference Reference

1-2 34.5 (19/55) 2.74 (0.93 - 8.05) 0.07 3.17 (1.06 – 9.42) 0.04 4.05 (1.31 - 12.50) 0.01

3 (LD) 48.3 (42/87) 4.27 (1.53 - 11.91) 0.006 4.58 (1.64 – 12.81) 0.004 6.45 (2.22 - 18.71) < 0.001

PTPN22

Wild type 33.6 (40/119) Reference Reference Reference

C/T 48.1 (25/52) 1.51 (0.91 - 2.48) 0.11 1.62 (0.98 - 2.70) 0.06 1.66 (0.98 - 2.78) 0.06

Abbreviations: LD = linkage disequilibrium. CI = confidence interval; other abbreviations as in Table 1
aGoiter size as described in Table 1
bHLA subtypes DQB1-02, DQA1-05, and DRB1-03
cMultivariate analyses separated for clinical characteristics (age, serum fT4, serum TBII and goiter 
size) and for genetic characteristics (nr. of HLA polymorphisms and PTPN22). 
dCombined multivariate analyses of clinical and genetic characteristics together. 
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Table 2. Hazard Ratios for Recurrence after a Course of Antithyroid Drugs for Selected Baseline 
Characteristics in Univariate and Multivariate Analyses.

Univariate 
Analyses

Multivariate 
Analysesc

Combined 
Multivariate analysesd

Recurrence % (n/N) Hazard Ratio (95% CI) p Value Hazard Ratio (95% CI) p 
Value

Hazard Ratio (95% CI) p 
Value

Clinical characteristics

Age (years)

≥ 40 30.0 (34/113) Reference Reference Reference

< 40 49.2 (32/65) 1.84 (1.14 - 2.99) 0.01 1.76 (1.07 - 2.88) 0.02 1.91 (1.14 - 3.20) 0.01

Serum fT4 (pmol/l)

< 40 25.0 (15/60) Reference Reference Reference

≥ 40 43.2 (51/118) 2.10 (1.18 - 3.74) 0.01 1.67 (0.91 – 3.05) 0.10 1.89 (1.03 - 3.46) 0.04

Serum TBII (IU/l)

< 6 25.8 (16/62) Reference Reference Reference

6 – 19.9 39.2 (31/79) 1.69 (0.93 - 3.05) 0.08 1.54 (0.83 - 2.84) 0.17 1.75 (0.93 – 2.29) 0.08

≥ 20 54.5 (18/33) 3.09 (1.59 - 6.00) < 0.001 2.47 (1.24 – 4.93) 0.01 2.21 (1.08 - 4.51) 0.03

Goiter size a

0 – I 33.3 (52/156) Reference Reference Reference

II - III 66.7 (14/21) 3.42 (1.89 - 6.19) < 0.001 2.59 (1.38 - 4.86) 0.003 3.02 (1.54 - 5.94) 0.001

Genetic characteristics

Nr. of HLA polymorphisms b

0 13.8 (4/29) Reference Reference Reference

1-2 34.5 (19/55) 2.74 (0.93 - 8.05) 0.07 3.17 (1.06 – 9.42) 0.04 4.05 (1.31 - 12.50) 0.01

3 (LD) 48.3 (42/87) 4.27 (1.53 - 11.91) 0.006 4.58 (1.64 – 12.81) 0.004 6.45 (2.22 - 18.71) < 0.001

PTPN22

Wild type 33.6 (40/119) Reference Reference Reference

C/T 48.1 (25/52) 1.51 (0.91 - 2.48) 0.11 1.62 (0.98 - 2.70) 0.06 1.66 (0.98 - 2.78) 0.06

Abbreviations: LD = linkage disequilibrium. CI = confidence interval; other abbreviations as in Table 1
aGoiter size as described in Table 1
bHLA subtypes DQB1-02, DQA1-05, and DRB1-03
cMultivariate analyses separated for clinical characteristics (age, serum fT4, serum TBII and goiter 
size) and for genetic characteristics (nr. of HLA polymorphisms and PTPN22). 
dCombined multivariate analyses of clinical and genetic characteristics together. 

Univariate analyses

 In the univariate analyses lower age at diagnosis (< 40 years), higher serum fT4 (≥ 40 

pmol/l), higher serum TBII (≥ 6 IU/l) and larger goiter sizes (WHO class II-III) were all 

individually associated with higher recurrence rates (Table 2). According to genetic 

polymorphisms, carriage of a PTPN22 SNP or one or more HLA polymorphisms (DRB1-03, 

DQA1-05 and DQB1-02) was associated with a higher recurrence rate (Table 2). No 

associations between CTLA4-49 or CTLA4-60 SNP’s and recurrence rate were found 

(data not shown). 
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Multivariate analyses

The multivariate analyses are shown in Table 2. Within the final clinical model, age < 

40 years, serum fT4 ≥ 40 pmol/l, serum TBII ≥ 6 IU/l, and a larger goiter size (grade II 

or higher) were all associated with increased recurrence hazard ratio’s  after antithyroid 

drugs. Within the genetic model, HLA polymorphisms DRB1-03, DQA1-05, and/or 

DQB1-02 and the PTPN22 polymorphism were all significantly associated with higher 

hazards ratios. A multivariate model of the combined clinical and genetic characteristics 

Table 3. Coefficients for the GREAT and GREAT+ Score: a Predictive Score Based on Baseline 
Characteristics for Recurrence

Marker GREAT Score GREAT+ Score

Age (years)

≥ 40   0   0

< 40 +1 +1

Serum fT4 (pmol/l)

< 40   0   0

≥ 40 +1 +1

Serum TBII (IU/l)

< 6   0   0

6 – 19.9 +1 +1

≥ 20 +2 +2

Goitersize a

0 – I   0   0

II - III +2 +2

Nr. of HLA polymorphisms b

0   0

1-2 +2

3 (LD) +3

PTPN22

Wild type   0

C/T +1

Maximum Score 6 10

Risk stratification

0 – 1 (Class I) 0 – 2 (Class I+)

2 – 3 (Class II) 3 – 4 (Class II+)

4 – 6 (Class III) 5 – 6 (Class III+)

7 – 10 (Class IV+)

Abbreviations as in Table 1
a Goiter size as described in Table 1  
b HLA subtypes DQB1-02, DQA1-05, and DRB1-03 
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showed that all parameters remained independently associated with higher hazards 

ratio’s for recurrence; hazard ratio of each parameter were comparable with those found 

in the univariate analyses.

Predictive score for recurrence

Simplified models were based on the hazard ratio coefficients of the final multivariate 

model (Table 2). Age < 40 years, serum fT4 ≥ 40 pmol/l, serum TBII of 6 to 20 IU/l and 

PTPN22 C/T polymorphism were each assigned 1 point; serum TBII ≥ 20 IU/l, goiter 

size of II-III and carriage of 1 - 2 of the three HLA polymorphisms (DRB1-03, DQA1-05, 

DQB1-02) were assigned 2 points; and carriage of the three HLA polymorphisms (linkage 

Figure 2: Kaplan-Meier Recurrence Curves According to Risk Classes Measured with the GREAT (a)
and GREAT+ (b) score.
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disequilibrium) was assigned 3 points. For each patient the cumulative scores of either 

the clinical parameters, the genetic parameters or a combination of clinical and genetic 

parameters were calculated. Two prediction models for the risk of recurrence were 

constructed based on cumulative scores. These predictive models were called the GREAT 

(Graves’ Recurrent Events After Therapy) score for clinical markers, and GREAT+ score 

for the combination of clinical and genetic markers (Table 3). The GREAT and GREAT+ 

scores were divided into classes according to recurrence risk. The Kaplan-Meier curves 

for Class I (GREAT score 0 – 1, GREAT+ score 0 – 2), Class II (GREAT score 2 – 3, GREAT+ 

score 3 – 4), Class III (GREAT score 4 – 6, GREAT+ score 5 – 6), and Class IV (GREAT+ 

score 7 – 10) are shown in Figure 2. Higher recurrence rate at the end of follow up 

was observed in GREAT score Class III (68.4%) when compared with Class II (43.9%) or 

Class I (16.4%) (p < 0.001, log-rank test for all pair wise comparisons). The GREAT+ score 

Table 4: Comparison of Clinical Components of the GREAT+ score versus the Genetic Components 
of the GREAT+ score

Clinical Components GREAT+

0 – 1
(RR = 16%)

2 – 3
(RR = 44%)

 4 – 6
(RR = 68%)

Total

Genetic Components GREAT+

0 – 1 (RR = 14%) 11 21 4 36

2 (RR = 25%) 21 21 2 44

3 – 4 (RR = 51%) 29 56 13 98

Total 61 98 19 178

RR = Recurrence Risk 
For each patient a cumulative score of both the clinical and genetic components was calculated; age < 40 
years, serum fT4 ≥ 40 pmol/l, serum TBII of 6 to 20 IU/l and PTPN22 C/T polymorphism were each assigned 
1 point; serum TBII ≥ 20 IU/l, goiter size of II-III and carriage of 1 - 2 of the three HLA polymorphisms (DRB1-
03, DQA1-05, DQB1-02) were assigned 2 points; and carriage of the three HLA polymorphisms was assigned 
3 points.  

Table 5: Distribution of Patients by GREAT and GREAT+ Score for Recurrence of Graves’ 
Hyperthyroidism After a Course of Antithyroid Drugs

GREAT score

0 – 1 (Class I)
(RR = 16%)

2 – 3 (Class II)
(RR = 44%)

4 – 6 (Class III)
(RR = 68%)

Total

GREAT+ score

0 – 2 (Class I+) (RR = 4%) 16 7 0 23

3 – 4 (Class II+) (RR = 21%) 35 25 3 63

5 – 6 (Class III+) (RR = 49%) 10 61 2 73

7 – 10 (Class IV+) (RR = 84%) 0 5 14 19

Total 61 98 19 178

RR = Recurrence Risk
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showed much higher rates of recurrence in the Class IV+ (84.2%), compared with Class 

III+ (49.3%), Class II+ (20.6%) and Class I+ (4.3%) (p < 0.001, log-rank test for all pair 

wise comparisons). To investigate if there was an association between the clinical and 

genetic components of the GREAT+ score, they were plotted against each other (Table 

4). No significant overlap could be observed between the various risk classes of both 

models. Finally, the additive affect of genetic parameters on top of clinical parameters 

was investigated. Table 5 shows the distribution of patients by GREAT and GREAT+ score. 

10 out of 61 patients (16%) assigned to Class I of the GREAT score (recurrence risk 16%) 

had higher recurrence risk when polymorphisms were measured (Class III+; recurrence 

risk 49%). Of the Class II GREAT score patients (recurrence risk 44%) a third appeared to 

have a much lower risk of recurrence when genetics were taken into account. For GREAT 

score Class III patients no additive value of genetic polymorphisms in relation to risk of 

recurrence after withdrawal of antithyroid drugs could be found. 

COMMENT

We observed a recurrence rate of 37% within two years after withdrawal of antithyroid 

drug in our study population of patients with first episode of untreated Graves’ 

hyperthyroidism. These findings are in good agreement with 30 – 50% recurrence 

rates in the literature2-4. The median time to recurrence was five months, and 36% of 

recurrences occurred within the first two months, again comparable with the literature4. 

Univariate analyses

At time of diagnosis and before the start of therapy, younger age (< 40 years), more 

severe biochemical hyperthyroidism (fT4 ≥ 40 pmol/l and/or TBII ≥ 6 IU/l), and large 

goiter size were all associated with recurrence after antithyroid drugs. We did not find 

differences in sex, but Allahabadia et al. found higher recurrence rate in males than in 

females in a UK population (80% vs. 60%)2; the discrepancy might be explained by the 

much larger sample size in the UK study. Young age is observed in some but not in all 

previous studies2-6. Likewise, higher recurrence rates in smokers has not been a universal 

factor13;14. In contrast, agreement exists on more severe biochemical hyperthyroidism and 

larger goiter size as independent risk factors for recurrence3;4;8;28, like in our study. The 

contribution of high TSH receptor antibodies to prediction of recurrence varies between 

studies, one reporting positive but other report negative results3;4;29;30. Development 

of 2nd and 3rd generation assays of TBII might explain discrepancies. Moreover, it should 

be noted that study designs are diverse with great differences in treatment time varying 

between 6 months and over two years.

With regard to genotypes, HLA Class II haplotypes DRB1-03, DQA1-05, and DQB1-02 

are well documented as being associated with an increased risk of developing Graves’ 
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hyperthyroidism in Caucasians. We found that HLA DRB1-03, DQA1-05, and DQB1-02 

polymorphisms are strong predictors for recurrence after antithyroid drug therapy. To the 

best of our knowledge only one study published about recurrence risk and HLA DQA1-05 

and found no relationship16. The PTPN22 C/T SNP is also associated with Graves’ 

hyperthyroidism23;31 and we found that this polymorphism is associated with recurrence 

rate as well. No other studies have been published about the association between PTPN22 

C/T SNP and risk of recurrence. We did not find an association between recurrence rate 

and the CTLA4-49 and CTLA4-60 SNP’s. Both SNP’s are associated with developing 

Graves’s hyperthyroidism. Japanese, Turkish and Chinese studies have shown that the 

CTLA4-49 polymorphism is associated with recurrence12;18;19 but German and Korean 

studies could not find such an association16;17. Ethnic differences in the prevalence of 

genetic polymorphisms are a plausible explanation for discrepant results. 

Recurrence risk model

Based on the multivariate analyses patients were stratified into different classes of 

recurrence risk on the basis of their scores for clinical parameters (GREAT score), or 

for clinical and genetic parameters (GREAT+ score). Kaplan-Meier recurrence curves 

(Figure 2) shows the different risk classes of both the GREAT and the GREAT+ score 

are well distributed and of great potential in selecting the optimal treatment strategy 

in individual patients. The GREAT score consists of simple clinical parameters that can 

be used in everyday practice. When patients fall into GREAT Class I we would advise to 

start antithyroid drug therapy because of the low recurrence risk after withdrawal (16%). 

Patients who fall in Class II of the GREAT score have a change of 44% for recurrence after 

antithyroid drug therapy. In these patients adjuvant measurement of HLA polymorphisms 

and PTPN22 SNP can give supporting information for the best therapeutic approach. 

After genotyping, about a third of patients will be reclassified into the lowest risk groups 

(GREAT+ class I+ - II+: recurrence risk 4 – 21%) and antithyroid drug therapy would be 

advised. A small part of GREAT score Class II patients will be re-classified as very high risk 

(GREAT+ class IV+) with a recurrence rate of 84%. The remaining patients can be treated 

according to preferences of patient or physician and co-morbidity. For the GREAT score 

highest risk class III (recurrence rate 68%) we would recommend radioiodine therapy or 

surgery. Use of our predictive scores model has a number of advantages. First, patients 

can be better informed about the treatment strategy and recurrence risk. This leads to 

better understanding by the patient, likely to better treatment compliance, and in the end 

lower recurrence rates. Secondly, looking at the healthcare costs, as a result of the lower 

recurrence rates fewer patients will need adjuvant therapy, resulting in less follow-up 

visits and finally lower treatment costs. Patel et al. have shown in a UK cohort of Graves’ 

hyperthyroid patients that treatment with radioiodine is the most cost effective modality 

after two years follow up for cured patients compared to antithyroid drug therapy and 
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surgery32. However, no long-term cost effectiveness data is known but in the end 54% 

will develop post-radioiodine hypothyroidism necessitating lifelong thyroxin treatment33. 

In conclusion, in the present era of personalized medicine, our prediction model based 

on simple clinical assessment can be of great value in individualized treatment of newly 

diagnosed patients with Graves’ hyperthyroidism in routine clinical practice. This is the 

first study that provides a prediction score for recurrence risk of Graves’ hyperthyroidism 

before start of therapy in newly diagnosed Caucasian patients. The main strength of 

the present study is its prospective nature, allowing uniform treatment of patients 

and simultaneous assessment in each patient of phenotypic appearance of Graves’ 

hyperthyroidism in relation to genotypes. The study might well be representative for 

the whole Dutch adult population of Caucasian patients with Graves’ hyperthyroidism, 

because we included consecutive patients originating from nine hospitals throughout The 

Netherlands; almost all hyperthyroid patients in The Netherlands are treated by hospital-

based specialists. Limitations of the present study are the relatively low number of male 

patients, possibly preventing to detect male sex as a determinant of recurrence. Also 

most severe hyperthyroid patients and those with large symptomatic goiter were treated 

directly with surgery or radioiodine therapy. It might have influenced positively the 

relative low recurrence rate of 37%, but on the other hand including these 12 patients 

and treating them with antithyroid drugs, would have enforced and not diminished the 

value of the GREAT score. 
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GENERAL DISCUSSION

All studies presented in this thesis are performed in the same cohort of 263 consecutive, 

untreated patients with a first episode of Graves’ hyperthyroidism. The main strength 

of the cohort studies is their prospective nature, allowing simultaneous assessment of 

clinical, environmental, and genetic parameters in each patient at baseline. Furthermore, 

all patients were treated in the same manner with a one-year course of standardized 

antithyroid drug therapy and follow-up until two years after withdrawal of therapy. The 

cohort might well be representative for the whole Dutch adult population of patients 

with Graves’ hyperthyroidism, because we included consecutive patients originating 

from one academic and eight local hospitals throughout The Netherlands; almost all 

hyperthyroid patients in The Netherlands are treated by hospital-based specialists. 

Baseline characteristics of our study population indeed correspond well with literature 

data on clinical1-4 and genetic5-12 characteristics of patients with newly diagnosed 

Graves’ hyperthyroidism.  

It is sometimes claimed that second generation thyrotropin binding inhibiting 

immunoglobulin (TBII) assays have a 100% sensitivity for the diagnosis of Graves’ 

hyperthyroidism13. To our opinion this claim is unlikely to be true because a sensitivity of 

100% for any diagnostic test is almost never reached, and some false positive and false 

negative test results are almost inevitable. In chapter 2 we determined the sensitivity 

of a 2nd generation assay of TBII for the diagnosis of Graves’ hyperthyroidism in our 

cohort. Hallmark of the study design was that the diagnosis of Graves’ hyperthyroidism 

was established independent from TBII results, and that we envisaged to exclude an 

alternative diagnosis in TBII seronegative patients by TSH receptor mutation analysis. In 

the presence of biochemical hyperthyroidism and a diffuse homogeneous thyroidal uptake 

in 99mTc-pertechnetate scan the only alternative diagnosis is familial non-autoimmune 

hyperthyroidism, caused by gain-of-function mutations in the TSH receptor gene. We 

observed a prevalence of 5.4% of TBII seronegativity in our cohort. TSH receptor mutation 

analysis did not detect mutations in the TSH receptor gene in the seronegative patients. 

Consequently, the TBII seronegative patients can still be considered ‘bona fide’ cases of 

Graves’ hyperthyroidism. The sensitivity of the TBII assay in our cohort is thus 94.6%. 

Graves’ hyperthyroidism is caused by TSH receptor stimulating autoantibodies (TSI, 

thyroid stimulating immunoglobulins) which bind to the TSH receptor on thyroid follicular 

cells, followed by increased thyroid hormone synthesis and release by the thyroid gland. 

The question that arises how the absence of TSH receptor antibodies in serum can be 

reconciled with the observed hyperthyroid state. We offer three explanations. 

The first explanation is that the sensitivity of the employed 2nd generation TBII assay is 

too low. Recently, a meta-analysis has shown that the sensitivity of 2nd generation TBII 

assays is 97%14. In none of studies included in this meta-analysis was the diagnosis of 

Graves’ hyperthyroidism established independently of serum TBII. Furthermore, studies 
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were retrospectively designed and used different serum TBII cut-off levels. Since 2004 3rd 

generation TBII assays are available in which the autoantibodies in patients sera inhibit 

binding of a human monoclonal thyroid stimulating antibody to ELISA plate wells coated 

with TSH-receptors15. Sensitivities of these assays are higher, up to 98.3%14. 

A second explanation is that TBII assays are not necessarily measuring TSH receptor 

stimulating antibodies, which bind to but also activate TSH receptors inducing (via cAMP 

signaling pathways) increased thyroid hormone synthesis and release. In recent years it 

has been recognized that the nature of TSH receptor autoantibodies in Graves’ disease 

can be stimulating, blocking, or neutral with respect to activation of TSH receptor16; they 

may occur simultaneously. The TBII assays cannot discriminate between these three types 

of antibodies as all three will interfere with the binding of labeled TSH (or monoclonal 

antibodies against TSH receptor) to TSH receptors. Bioassays measuring functional 

activity of TSH-receptor antibodies by detecting stimulating signal level (cyclic adenosine 

monophosphate) can discriminate between stimulating and binding activity (like a Mc4 

assay)17. The distinction may be of clinical value. For example in Graves’ orbitopathy, 

high persistent TSI levels are associated with active and more severe manifestations 

with poor responses to therapy18;19. Although functional assays have the advantage of 

measuring responses that can be correlated with disease activity, these bioassays are 

complex and time consuming. Recently, some new highly sensitive and specific bioassays 

are developed17;20;21. A retrospectively designed study in 106 untreated Graves’ disease 

patients found a sensitivity of 94.3% in a Mc4 assay22. However, diagnosis of Graves’ 

hyperthyroidism was not established independent of TSH receptor antibodies.  Another 

study by Giuliani et al. found 100% sensitivity and 98.5% specificity for a new Mc4 

bioassay17 but also this study lacks diagnostic criteria independent of serum TBII. 

The third and most attractive explanation is that the production of TSH receptor antibodies 

in our TBII seronegative patients might still be confined to the thyroid gland and adjacent 

lymph nodes, without spill-over of the antibodies into the circulation. Indeed, the thyroid 

gland is the primary site of autoantibody secretion in autoimmune thyroid disease23, 

autoantibodies being produced by lymphocytes infiltrating the thyroid gland. In support 

of this explanation is our observation that TBII seronegative patients were characterized 

by biochemically mild hyperthyroidism, likely indicating early stages of disease. In line 

with this proposed explanation is a case report of Hashimoto’s goiter. Baker et al. have 

shown that lymphocytes isolated from the goiter (surgical pathology clear Hashimoto’s 

disease) of a euthyroid patient without thyroperoxidase (TPO) or thyroglobulin (Tg) 

autoantibodies in serum, did produce TPO and Tg antibodies, whereas peripheral blood 

lymphocytes did not produce these antibodies24. 

Nowadays in clinical practice indications to measure TSH receptor antibodies are limited 

to support the diagnosis of Graves’ hyperthyroidism when clinical assessment and 

thyroid scintigraphy do not give clues for the right diagnosis, to support the diagnosis of 
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Graves’ orbitopathy in euthyroid patients; to estimate prognosis in Graves’ orbitopathy; 

to estimate the risk of neonatal hyperthyroidism in pregnant patients; and to estimate 

the risk of recurrent Graves’ hyperthyroidism after antithyroid drug therapy, normal levels 

indicating greater chance for remission25. Indeed guidelines of the American Thyroid 

Association recommend to measure TSH-receptor antibodies not routinely but only when 

a thyroid scan and uptake are unavailable or contraindicated (e.g. during pregnancy and 

nursing). However, recently it has been shown that incorporating TSH-receptor antibody 

measurement in routine diagnostic algorithms might lead to 46% faster time to diagnosis 

and 47% overall cost savings26. These effects are in large part due to reductions in costly 

procedures and less follow-up visits. In 2011, a worldwide survey under 730 physicians 

showed that 58% of physicians use TSH-receptor antibody measurements in routine 

clinical practice27. 

In chapter 3 we tested our hypothesis that less severe Graves’ hyperthyroidism with 

advancing age is causally associated with less exposure to stress. The first finding was that 

advancing age was indeed associated with less severe Graves’ hyperthyroidism as evident 

from lower serum thyroid hormone levels, lower serum autoantibodies concentrations 

(TBII and TPO-antibodies), and smaller goiter size. These findings are in agreement with 

previous published studies2;28;29. The second finding was that advancing age was also 

associated with less exposure to stressful life events (pleasant and unpleasant) and daily 

hassles. These interesting observations on stress are in line with previous studies in which 

older adults reported fewer undesirable daily events30;31. When stressors do occur, older 

age is related to reductions in perceived severity and affective distress32;33. No association 

could, however, be found in our study between the amount of stress exposure and serum 

thyroid hormone and autoantibody levels. Therefore we had to reject our hypothesis that 

less stress exposure in old age is causally related to less severe Graves’ hyperthyroidism 

in elderly people. 

What mechanism then underlies the effect of less severe Graves’ hyperthyroidism with 

advancing age? There is good evidence that the immune system deteriorates with age34. 

For example, the repertoire of naive and memory T cells is less diverse, and a gradual 

decline in thymic generation of new naive T cells occurs during aging34-38. Animal models 

on experimental autoimmune thyroiditis have shown that lymphocytes from old mice are 

less effective in transferring thyroiditis than lymphocytes from young donors39;40. In 

addition, antibodies produced by aged animals are generally of lower affinity than those 

produced by younger animals41. These age-associated changes that cause alterations of 

the immune response are termed immunosenescence42. This phenomenon might lead to 

a lower TSH-receptor autoantibody production in elderly Graves’ hyperthyroid patients. 

On the other hand, prevalence of autoantibodies associated with systemic autoimmune 

diseases increases with age but probably with lower affinity and effectiveness43;44. 

Moreover, aging is associated with increased serum TSH concentrations, with no change 

in fT4 concentrations45. This suggests that the TSH increase arises from reduced TSH 
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bioactivity with a decreased thyroidal response leading to lower thyroid hormone 

production, and subsequently an alteration in the set point of the hypothalamus-pituitary-

thyroid axis (towards higher TSH in order to maintain fT4 levels). As with TSH, the same 

decreased thyroidal response to TSH-receptor stimulating antibodies might be the case in 

elderly subjects with Graves’ hyperthyroidism. 

Chapter 4 describes the effect of a positive familial history for autoimmune thyroid 

disease (AITD) on phenotypic appearance of Graves’ hyperthyroidism. A positive family 

history for AITD was present in 43% of our patients. This is in good agreement with a 

frequency of around 50% reported in literature1;2. Manje et al. recorded a positive family 

history on the basis of patient’s recall as having a relative positive for AITD2. In our study 

the autoimmune nature of thyroid disease in affected relatives was verified via written 

confirmation by the relatives themselves. 

Why is the frequency of around 50% not higher, because twin studies by Brix et al. 

have shown that around 80% of the susceptibility to develop Graves’ disease can be 

attributed to genetic factors46? Does is mean that single nuclear polymorphisms (SNP’s) 

in susceptible genes are sometimes inherited, but can also arise de novo? If so, this will 

count just for a very small part of patients. Does it mean that genetic susceptibility for 

Graves’ disease is lower in patients with a negative family history and would they have 

been exposed more environmental factors? No differences were found in exposure to 

more environmental factors between patients with a positive and patients with a negative 

family history for AITD in our study. Presumably, gene-environmental interactions in 

Graves’ hyperthyroidism are more complex than nowadays presumed. Consequently, the 

estimation of the susceptibility of genetic and environmental factors as calculated by 

Brix et al.46 might be skewed. Calculations were for 1/3 based on a cohort of patients 

born between 1870 and 1920. During the follow-up time iodine intake was insufficient 

in Denmark leading to endemic goiter. Furthermore, the model used by Brix et al. was 

based on “nonshared unique environmental effect” while most twins grow up together 

and are exposed to the same environmental factors. American twin studies indicate 

that the estimated pairwise concordance rates for Graves’ disease was slightly lower 

in monozygotic and dizygotic twins compared to the Danish study (0.29 and 0.04 vs. 

0.35 and 0.03 respectively)47. All together the study by Brix et al. may overestimate the 

influence of genetic factors in the etiology of Graves’ disease and the contribution of 

environmental factors might be higher. 

Genetic anticipation is a phenomenon whereby the symptoms of a genetic disorder 

become apparent at an earlier age as it is passed on to the next generation. In view of 

genetic anticipation we hypothesized that Graves’ hyperthyroidism develops at a younger 

age in patients with a positive family history for AITD. In our study we found that age 

at diagnosis was much lower in the group with the highest number of affected relatives 

and degree of kinship compared to patients with a lower familial predisposition; the 

difference varied between 8 – 13 years. Patients with the highest familial predisposition 
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were more often male. No differences were found in exposure to environmental factors 

or in biochemical and clinical severity of hyperthyroidism. Brix et al. investigated age at 

diagnosis in 33 same-gender parent-offspring pairs with Graves’ disease from multiply 

affected families and found that mean age at diagnosis in children was 12.5 years 

lower than in their parents48. Manji et al. found that reporting of a relative with thyroid 

dysfunction was associated with a lower median age at diagnosis of Graves’ disease (in 

women, 38 vs. 43 years in patients with no family history, and in men 42 vs. 47 years 

respectively). They also observed that the greater the number of affected relatives, the 

greater the effect was2. In view of these findings a lower median age in view of genetic 

anticipation in Graves’ disease seems to be real. 

19th century psychiatrists already described that within certain families there was a 

tendency for various diseases to manifest earlier in succeeding generations, as opposed 

to the commonly perceived pattern of inheritance where the disease manifested at the 

same time generation after generation49. Later on, anticipation was invoked as a way of 

explaining findings of lower age of onset and increasing severity of disease in dementia 

praecox, Huntington disease, myotonic dystrophy, Leber’s hereditary optic neuropathy, 

Fragile X syndrome, and diabetes49. From the early 1990’s sequencing of the myotonic 

dystrophy, Fragile X, X-linked spinal and bulbar muscular atrophy, and Huntington disease 

genes found a region of unstable DNA where changes occurred in the copy number of 

a trinucleotide repeat50-52. The longer and more unstable the repeat areas become, 

the earlier and more severely the disease manifests. Yaturu et al. described in type II 

diabetes that patients in the second affected generation seemed to acquire the disease 

at an earlier time in life, suggesting evidence for genetic anticipation53. Like Diabetes 

Mellitus, Graves’ hyperthyroidism is a non-Mendelian disorder with most cases occurring 

sporadically, differing from unstable DNA diseases like Fragile X, Huntington disease, and 

myotonic dystrophy. However, the absence of trinucleotide repeats in non-Mendelian 

diseases does not exclude genetic anticipation. Earlier age at onset has been described 

in several non-Mendelian disorders i.e. familial breast cancer, colon cancer, Alzheimer 

disease, and insulin-dependent diabetes54. In conclusion, our study supports our 

hypothesis that genetic anticipation in Graves’ hyperthyroidism occurs, possibly via other 

molecular mechanisms than via trinucleotide repeats. 

We investigated in chapter 5 the effect of specific genotypes in relation to phenotypic 

appearance and exposure to environmental factors in Graves’ hyperthyroidism. We 

hypothesized that subjects with genetic susceptibility to Graves’ disease are younger at 

the time of diagnosis and present with more severe disease. The investigated genetic 

variants in HLA, CTLA4, and PTPN22 all carry an independent risk for Graves’ disease55-

57. Frequencies of observed genetic variants in our study are in good agreement with 

frequencies found in other studies in adult Caucasian patients with Graves’ disease. 

The well-known linkage disequilibrium between Graves’ disease and genes in the HLA 

class II region, also observed in our study, is due to the extended haplotype DRB1*304-
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DQB1*02-DQA1*5015. Interestingly, no differences were found between the frequencies 

of HLA class II polymorphisms and susceptibility alleles of CTLA4 49A/G, CTLA4 CT60, 

and PTPN22 SNPs in the familial and sporadic cases of Graves’ hyperthyroidism in our 

study. 

CTLA4 49A/G and CTLA4 CT60 SNP’s were both dose dependently associated with 

younger age at the time of diagnosis: G/G homozygotes were respectively 7 and 8 years 

younger compared to wild types (A/A genotype). No associations between genetic 

variants in HLA class II and PTPN22 genes and age at diagnosis of Graves’ hyperthyroidism 

were observed. Our data are at variance with a Polish study in adult Caucasian patients 

with Graves’ hyperthyroidism, which observed no relation between age at onset and HLA 

variants or CTLA4 49A/G but patients with G-alleles of the PTPN22 SNP were 10 years 

younger10. Ban at al. found higher frequencies of the HLA DRB1-03 genotype in patients 

under the age of 20 years compared to older patients58. However the literature on this 

topic is scarce, other studies did not find an association between specific genotypes 

and age at onset of Graves’ hyperthyroidism59;60. In view of the polygenetic etiology 

of Graves’ hyperthyroidism one may presume that the effect of a single polymorphism is 

too small to ensure such a great effect. CTLA4 is one of the strongest associated genes 

in Graves’ hyperthyroidism61, and consequently its relationship with Caucasian Graves’ 

hyperthyroid patients is more readily detected. 

In the second part of this study we hypothesized that subjects with genetic susceptibility 

to Graves’ disease require less exposure to environmental factors for contracting Graves’ 

hyperthyroidism. Polymorphism CTLA4 49A/G (but none of the other genotypes) was 

quantitatively related to stress exposure. The total number of daily hassles, the intensity 

per hassle, and the total intensity of daily hassles were all lower in carriers of the G-allele 

of this polymorphism in a dose-dependent manner. The CTLA4 49A/G SNP was not 

related to mood (PANAS scales) or to recent life events. According to psychological 

studies, everyday exposure to daily hassles in general constitutes a greater burden of 

stressors than incidental exposure to major life events62;63. The observation of less daily 

hassles is not biased by mood changes in our study (current mood state may influence the 

perception and thereby the scores of daily hassles and recent life events)62;63. Less daily 

hassles in carriers of G-alleles of CTLA4 49A/G can also not be explained by their lower 

age, as recent studies have shown a progressive decrease in daily hassles with advancing 

age in healthy subjects with highest scores occurring in the youngest age groups of <40 

year64. The finding that SNP CTLA4 49A/G is associated with younger age at diagnosis 

and with less exposure to stress, supports our hypothesis that subjects with genetic 

susceptibility for Graves’ disease might require less exposure to environmental factors for 

contracting Graves’ hyperthyroidism. No other studies related genetic variants in HLA, 

CTLA4 and PTPN22 to environmental factors, apart from the notion that the frequency 

of tobacco smoking was not related to the SNP in PTPN22 10.
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A major risk factor in Graves’ hyperthyroidism is female sex. Graves’ disease is 5 – 10 

times more common in females than in males and median age at diagnosis is lower in 

women than in men2. In view of the female preponderance in AITD, the development of 

Graves’ disease in males might require a much heavier load of either susceptibility genes 

or exposure to environmental factors. We found that males (but not females) in HLA 

linkage disequilibrium had more severe (biochemical and immunological) hyperthyroidism 

and a tendency to younger age at diagnosis, compared with those not in linkage 

disequilibrium.  Furthermore, the amount of current smokers in men with HLA linkage 

disequilibrium was lower compared to males with no linkage disequilibrium albeit failing 

statistical significance (35% vs. 57%, p = 0.12). With regard to CTLA4 49A/G, male 

carriers of a G-allele were 9 years younger at time of diagnosis compared to wild-type 

males. This association was much weaker in female carriers of G-alleles but the trend was 

in the same direction. For the PTPN22 and CTLA4 CT60 genes this association was not 

found. These data support our hypothesis that the impact of genotypes in males seems 

to be greater than in females although a much larger sample size would be required 

for definitive proof. In female Graves’ hyperthyroid patients modulation of the immune 

response by estrogen is presumed. There is a large body of evidence that estrogen 

enhances immunologic reactivity65-67. On the other hand, the enhanced susceptibility 

of Graves’ disease in women can also be related to the X-chromosome. X-chromosome 

inactivation has been associated with autoimmune thyroid disease68;69. Furthermore, 

pregnancy is associated with Graves’ disease70;71. It has been suggested that fetal 

microchimerism (the presence of fetal cells in maternal tissue) might play a role in the 

development of autoimmune thyroid disease72. 

Treatment options of Graves’ hyperthyroidism are antithyroid drugs, radioiodine therapy, 

and surgery. Recently a worldwide survey under 730 physicians showed great geographical 

variation in preferred treatment for a first episode of Graves’ hyperthyroidism27. In North 

America radioiodine therapy is the first choice in 58.6%, whereas in Europe antithyroid 

drugs are favored (85.7%) above radioiodine therapy (13.3%). Efficacy, recurrence, 

complications, and costs differ among the three treatment options. The likelihood of 

remission after a course of antithyroid drugs would be very relevant information for 

selecting a particular treatment. In chapter 6 we developed a predictive score to estimate 

the risk of recurrence after a course of antithyroid drugs, based on clinical and genetic 

parameters prior to the start of treatment. In our cohort of 178 Dutch Caucasian patients 

with a first episode of Graves’ hyperthyroidism 37% of patients had recurrent Graves’ 

hyperthyroidism within two years after antithyroid drugs withdrawal. These findings are 

in good agreement with 30-50% recurrence rates in the literature29;73;74. At time of 

diagnosis and before the start of therapy, we found that younger age (< 40 years), more 

severe biochemical hyperthyroidism by means of higher fT4 (≥ 40 pmol/l) and higher TBII 

(≥ 6 IU/l), and large goiter size (grade II or higher) were all independently associated with 

recurrence after antithyroid drugs. We did not find differences in sex, but Allahabadia et 
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al. found higher recurrence rate in males than in females in a UK population (80% vs. 

60%)29; the discrepancy might be explained by the much larger sample size in the UK 

study. Young age is observed in some but not all previous studies29;75-80. Like in our 

study, agreement exists on more severe biochemical hyperthyroidism and larger goiter 

size as independent risk factor for recurrence before start of therapy29;76;77;79;81. The 

contribution of high serum TSH receptor antibody levels before start of treatment varies 

between studies, one reporting positive but other report negative results76;79;82-87. It 

should be noted that most of these studies are performed using a first generation TSH 

receptor antibody assays. Nowadays with the availability of much higher sensitive 2nd 

and 3rd generation TBII assays together with bioassays measuring TSH receptor blocking, 

neutral and/or stimulating antibodies, prediction of recurrence might be improved. 

Recently, Giuliani et al. showed that risk of recurrence could be predicted at the end of 

antithyroid drug treatment with a new Mc4-bioassay88. However, to stratify for the best 

treatment modality measurement of TSH receptor antibodies should be performed at 

time of first presentation. 

HLA Class II haplotypes DRB1-03, DQA1-05, and DQB1-02 are well documented as being 

associated with an increased risk of developing Graves’ hyperthyroidism in Caucasians5;8. 

We found that HLA DRB1-03, DQA1-05, and DQB1-02 polymorphisms are strong 

predictors for recurrence after antithyroid drug therapy. Only one study published about 

recurrence risk and HLA DQA1-05 and found no relationship89. In our study also the 

PTPN22 C/T SNP was associated with risk of recurrence in Graves’ hyperthyroidism, 

not reported so far.  We did not find an association between recurrence rate and the 

CTLA4-49 and CTLA4-60 SNP’s. Both SNP’s are associated with developing Graves’s 

hyperthyroidism5-7;9;11;90. Japanese, Turkish and Chinese studies have shown that the 

CTLA4-49 polymorphism is associated with recurrence60;91;92 but German and Korean 

studies could not find such an association89;93. It has recently been shown that Graves 

disease associated alleles identified in Chinese Hans, and those identified in other Asian 

studies are totally distinct from the known associated alleles in Caucasians94. The most 

prominent susceptibility allele in Caucasians, DRB1*03:01, has a much lower frequency 

in Asians, ranging from less than 3% in Japanese and Koreans to 4–9% in Chinese95;96. 

According to the ethnic differences in the prevalence of genetic polymorphisms, 

discrepant results are comprehensible. Furthermore, multiple gene polymorphisms are 

found to be associated with Graves’ disease. Genome-wide association studies have 

a dramatic impact on susceptibility locus discoveries. Recently seven newly identified 

loci for autoimmune thyroid disease have been found by the ImmunoChip project in 

which twelve groups world-wide are collaborating97. However, for each associated gene 

polymorphisms the absolute risk in the pathogenesis of Graves’ disease is low. 

Based on the Hazard ratios of the individual risk markers two predictive scores of 

recurrence were constructed. In the first model called the GREAT (Graves’ Recurrent 

Events After Therapy) score, patients were stratified into different classes of recurrence 
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risk according to clinical markers (age < 40 years, serum fT4 ≥ 40, serum TBII ≥ 6, and 

goiter size ≥ II). For the second model patients were also stratified into different risk 

classed but based on clinical parameters supplemented with genetic parameters (HLA and 

PTPN22 polymorphisms). The GREAT score consists of simple clinical parameters that can 

be used in everyday practice. When patients fall into GREAT Class I we would advise to 

start antithyroid drug therapy because of the low recurrence risk after withdrawal (16%). 

Patients who fall in Class II of the GREAT score have a change of 44% for recurrence after 

antithyroid drug therapy. In these patients additional measurement of HLA polymorphisms 

and PTPN22 SNP can give supporting information for the best therapeutic approach. 

After genotyping, about a third of patients will be reclassified into the lowest risk groups 

(GREAT+ class I+ - II+: recurrence risk 4 – 21%) and antithyroid drug therapy would be 

advised. A small part of GREAT score Class II patients will be re-classified as very high risk 

(GREAT+ class IV+) with a recurrence rate of 84%. The remaining patients can be treated 

according to preferences of patient or physician and co-morbidity. For the GREAT score 

highest risk class III (recurrence rate 68%) we would recommend radioiodine therapy or 

surgery. Use of our predictive scores model has a number of advantages. First, patients 

can be better informed about the treatment strategy and recurrence risk. This leads to 

better understanding by the patient, likely to better treatment compliance, and in the end 

lower recurrence rates. Secondly, looking at the healthcare costs, as a result of the lower 

recurrence rates fewer patients will need adjuvant therapy, resulting in less follow-up 

visits and finally lower treatment costs. Patel et al. have shown in a UK cohort of Graves’ 

hyperthyroid patients that treatment with radioiodine is the most cost effective modality 

after two years follow up for cured patients compared to antithyroid drug therapy and 

surgery98. However, no long-term cost effectiveness data is known but in the end 54% 

will develop post-radioiodine hypothyroidism necessitating lifelong thyroxin treatment99. 

In conclusion, in the present era of personalized medicine, our prediction model based 

on simple clinical assessment can be of great value in individualized treatment of newly 

diagnosed patients with Graves’ hyperthyroidism in routine clinical practice. Nowadays 

there is convincing evidence for a limited number of genes that have consequently 

been reported as Graves’ disease susceptibility loci. Future studies using sophisticated 

gene-scanning techniques will definitely find more associated genes. In our opinion new 

affordable DNA techniques in the nearby future will make it possible to screen patient in 

daily practice on multiple Graves’ disease susceptible loci at time of presentation which in 

combination with clinical markers will make it possible to refine the prediction for the risk 

of recurrence. Our prediction score can serve as a basis for future refinement. 
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FUTURE STUDY TOPICS

Although the sensitivity of newly developed TSH receptor antibody (bio)assays for the 

diagnosis of Graves’ hyperthyroidism is very high, 100% sensitivity will probably never 

be reached. To substantiate our hypothesis that in early Graves’ hyperthyroidism the 

TSH receptor antibodies are confined to the thyroid gland, without spill-over into the 

circulation, it will be of great interest to evaluate TSH receptor antibodies production by 

isolated interthyroidal lymphocytes of TBII-seronegative patients with a diagnosis of bona 

fide Graves’ hyperthyroidism. 

With regard to immunosenescence it will be of great interest to test if the affinity or 

bioactivity of TSH receptor autoantibodies is decreased in elderly Graves’ hyperthyroid 

patients. This can be tested by comparing the potencies of IgGs in cAMP bioassays 

between young and old Graves’ hyperthyroid patients. Secondly, we are wondering 

if the effect of TSH receptor stimulation is diminished in elderly Graves’ hyperthyroid 

patients. This can be tested by assessing the response to either recombinant TSH or a 

monoclonal antibody against the TSH receptor (like M22) in vivo or in vitro, looking for 

age differences. 

Decades of research have shown that genes and environment both are involved in the 

pathogenesis of Graves’ hyperthyroidism. Another fruitful area of future research would 

be gene-environment interactions. A notable example is a Brazilian study on genetic 

polymorphisms associated with cigarette smoking and the risk of Graves’ disease100. The 

effect of alcohol consumption has scarcely been studied. A Danish paper reported that 

alcohol could be a confounding factor in the relationship between stress and Graves’ 

disease101. As controls consumed alcohol more often than cases, alcohol consumption 

appeared to be protective against Graves’ disease.

Despite the absence of trinucleotide repeats in non-Mendelian diseases like Graves’ 

disease, genetic anticipation seems to occur. The molecular mechanism of the effect 

should be clarified in familial studies of successive generations with Graves’ disease. 

Our prediction model for the recurrence of Graves’ hyperthyroidism should prospectively 

be tested in a group of newly diagnosed, untreated Graves’ hyperthyroidism patients. It 

will be interesting to investigate if the newest generation of TSH receptor assays improve 

prediction of recurrence after antithyroid drug therapy. Furthermore, more Graves’ 

disease associated genes will undoubtedly be found and it may become affordable to 

test for multiple genes in each patient to further refine our prediction model of risk of 

recurrence. 

112

proefschrift Vos.indb   112 28-1-2013   15:17:30



General discussion

Chapter

7

REFERENCES

 1.  Hall R, Stanbury JB. Familial studies of autoimmune 
thyroiditis. Clin Exp Immunol 1967;2:Suppl-25.

 2.  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.

 3.  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.

 4.  Weetman AP. Graves’ disease. N Engl J Med 
2000;343:1236-1248.

 5.  Allahabadia A, Heward JM, Nithiyananthan R 
et al. MHC class II region, CTLA4 gene, and 
ophthalmopathy in patients with Graves’ disease. 
Lancet 2001;358:984-985.

 6.  Bednarczuk T, Hiromatsu Y, Fukutani T et al. 
Association of cytotoxic T-lymphocyte-associated 
antigen-4 (CTLA-4) gene polymorphism and 
non-genetic factors with Graves’ ophthalmopathy 
in European and Japanese populations. Eur J 
Endocrinol 2003;148:13-18.

 7.  Bicek A, Zaletel K, Gaberscek S et al. 49A/G 
and CT60 polymorphisms of the cytotoxic 
T-lymphocyte-associated antigen 4 gene associated 
with autoimmune thyroid disease. Hum Immunol 
2009;70:820-824.

 8.  Heward JM, Allahabadia A, Daykin J et al. 
Linkage disequilibrium between the human 
leukocyte antigen class II region of the major 
histocompatibility complex and Graves’ disease: 
replication using a population case control and 
family-based study. J Clin Endocrinol Metab 
1998;83:3394-3397.

 9.  Petrone A, Giorgi G, Galgani A et al. CT60 single 
nucleotide polymorphisms of the cytotoxic 
T-lymphocyte-associated antigen-4 gene region 
is associated with Graves’ disease in an Italian 
population. Thyroid 2005;15:232-238.

 10.  Skorka A, Bednarczuk T, Bar-Andziak E, Nauman J, 
Ploski R. Lymphoid tyrosine phosphatase (PTPN22/
LYP) variant and Graves’ disease in a Polish 
population: association and gene dose-dependent 
correlation with age of onset. Clin Endocrinol (Oxf) 
2005;62:679-682.

 11.  Vaidya B, Imrie H, Perros P et al. Cytotoxic T 
lymphocyte antigen-4 (CTLA-4) gene polymorphism 
confers susceptibility to thyroid associated 
orbitopathy. Lancet 1999;354:743-744.

 12.  Velaga MR, Wilson V, Jennings CE et al. The codon 
620 tryptophan allele of the lymphoid tyrosine 
phosphatase (LYP) gene is a major determinant 
of Graves’ disease. J Clin Endocrinol Metab 
2004;89:5862-5865.

 13.  Villalta D, Orunesu E, Tozzoli R et al. Analytical 
and diagnostic accuracy of “second generation” 
assays for thyrotrophin receptor antibodies with 
radioactive and chemiluminescent tracers. J Clin 
Pathol 2004;57:378-382.

 14.  Tozzoli R, Bagnasco M, Giavarina D, Bizzaro N. TSH 
receptor autoantibody immunoassay in patients 
with Graves’ disease: Improvement of diagnostic 
accuracy over different generations of methods. 
Systematic review and meta-analysis. Autoimmun 
Rev 2012.

 15.  Smith BR, Bolton J, Young S et al. A new assay 
for thyrotropin receptor autoantibodies. Thyroid 
2004;14:830-835.

 16.  Michalek K, Morshed SA, Latif R, Davies TF. 
TSH receptor autoantibodies. Autoimmun Rev 
2009;9:113-116.

 17.  Giuliani C, Cerrone D, Harii N et al. A TSHr-LH/
CGr chimera that measures functional TSAb 
in Graves’ disease. J Clin Endocrinol Metab 
2012;97:E1106-E1115.

 18.  Lytton SD, Ponto KA, Kanitz M, Matheis N, 
Kohn LD, Kahaly GJ. A novel thyroid stimulating 
immunoglobulin bioassay is a functional indicator 
of activity and severity of Graves’ orbitopathy. J 
Clin Endocrinol Metab 2010;95:2123-2131.

 19.  Massart C, Sapin R, Gibassier J, Agin A, d’Herbomez 
M. Intermethod variability in TSH-receptor antibody 
measurement: implication for the diagnosis of 
Graves disease and for the follow-up of Graves 
ophthalmopathy. Clin Chem 2009;55:183-186.

 20.  Kamijo K, Murayama H, Uzu T, Togashi K, Kahaly 
GJ. A novel bioreporter assay for thyrotropin 
receptor antibodies using a chimeric thyrotropin 
receptor (mc4) is more useful in differentiation 
of Graves’ disease from painless thyroiditis than 
conventional thyrotropin-stimulating antibody 
assay using porcine thyroid cells. Thyroid 
2010;20:851-856.

 21.  Lytton SD, Li Y, Olivo PD, Kohn LD, Kahaly GJ. Novel 
chimeric thyroid-stimulating hormone-receptor 
bioassay for thyroid-stimulating immunoglobulins. 
Clin Exp Immunol 2010;162:438-446.

113

proefschrift Vos.indb   113 28-1-2013   15:17:30



Chapter 7

 22.  Kamijo K, Murayama H, Uzu T, Togashi K, Olivo PD, 
Kahaly GJ. Similar clinical performance of a novel 
chimeric thyroid-stimulating hormone receptor 
bioassay and an automated thyroid-stimulating 
hormone receptor binding assay in Graves’ disease. 
Thyroid 2011;21:1295-1299.

 23.  Werner SC, Ingbar SH, Braverman LE, Cooper DS. 
Werner & Ingbar’s the Thyroid: a Fundamental 
and Clinical Text. 10th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2013;356-368.

 24.  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.

 25.  Bahn RS, Burch HB, Cooper DS et al. 
Hyperthyroidism and other causes of thyrotoxicosis: 
management guidelines of the American Thyroid 
Association and American Association of Clinical 
Endocrinologists. Endocr Pract 2011;17:456-520.

 26.  McKee A, Peyerl F. TSI assay utilization: impact on 
costs of Graves’ hyperthyroidism diagnosis. Am J 
Manag Care 2012;18:e1-14.

 27.  Burch HB, Burman KD, Cooper DS. A 2011 Survey 
of Clinical Practice Patterns in the Management of 
Graves’ Disease. J Clin Endocrinol Metab 2012.

 28.  Aizawa T, Ishihara M, Hashizume K, Takasu N, 
Yamada T. Age-related changes of thyroid function 
and immunologic abnormalities in patients with 
hyperthyroidism due to Graves’ disease. J Am 
Geriatr Soc 1989;37:944-948.

 29.  Allahabadia A, Daykin J, Holder RL, Sheppard MC, 
Gough SC, Franklyn JA. Age and gender predict the 
outcome of treatment for Graves’ hyperthyroidism. 
J Clin Endocrinol Metab 2000;85:1038-1042.

 30.  van de Willige G, Schreurs P, Telligen B, Zwart 
F. Het meten van ‘life events’: Vragenlijst Recent 
Meegemaakte Gebeurtenissen. Nederlands 
Tijdschrift Voor de Psychologie en Haar 
Grensgebieden 1985;40:1-19.

 31.  Zautra AJ, Finch JF, Reich JW, Guarnaccia CA. 
Predicting the everyday life events of older adults. J 
Pers 1991;59:507-538.

 32.  Phifer JF. Psychological distress and somatic 
symptoms after natural disaster: differential 
vulnerability among older adults. Psychol Aging 
1990;5:412-420.

 33.  Uchino BN, Berg CA, Smith TW, Pearce G, Skinner 
M. Age-related differences in ambulatory blood 
pressure during daily stress: evidence for greater 
blood pressure reactivity with age. Psychol Aging 
2006;21:231-239.

 34.  Gomez CR, Boehmer ED, Kovacs EJ. The aging 
innate immune system. Curr Opin Immunol 
2005;17:457-462.

 35.  Goronzy JJ, Weyand CM. Aging, autoimmunity and 
arthritis: T-cell senescence and contraction of T-cell 
repertoire diversity - catalysts of autoimmunity 
and chronic inflammation. Arthritis Res Ther 
2003;5:225-234.

 36.  Goronzy JJ, Lee WW, Weyand CM. Aging and T-cell 
diversity. Exp Gerontol 2007;42:400-406.

 37.  Hakim FT, Gress RE. Immunosenescence: deficits in 
adaptive immunity in the elderly. Tissue Antigens 
2007;70:179-189.

 38.  Listi F, Candore G, Modica MA et al. A study 
of serum immunoglobulin levels in elderly 
persons that provides new insights into B 
cell immunosenescence. Ann N Y Acad Sci 
2006;1089:487-495.

 39.  Okayasu I, Hatakeyama S, Kong YC. Long-term 
observation and effect of age on induction of 
experimental autoimmune thyroiditis in susceptible 
and resistant mice. Clin Immunol Immunopathol 
1989;53:254-267.

 40.  Romball CG, Weigle WO. The effect of aging 
on the induction of experimental autoimmune 
thyroiditis. J Immunol 1987;139:1490-1495.

 41.  Stacy S, Krolick KA, Infante AJ, Kraig E. 
Immunological memory and late onset 
autoimmunity. Mech Ageing Dev 2002;123:975-
985.

 42.  Prelog M. Aging of the immune system: a risk 
factor for autoimmunity? Autoimmun Rev 
2006;5:136-139.

 43.  Hasler P, Zouali M. Immune receptor signaling, 
aging, and autoimmunity. Cell Immunol 
2005;233:102-108.

 44.  Mariotti S, Franceschi C, Cossarizza A, Pinchera A. 
The aging thyroid. Endocr Rev 1995;16:686-715.

 45.  Bremner AP, Feddema P, Leedman PJ et al. 
Age-related changes in thyroid function: a 
longitudinal study of a community-based cohort. J 
Clin Endocrinol Metab 2012;97:1554-1562.

 46.  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.

 47.  Ringold DA, Nicoloff JT, Kesler M, Davis H, Hamilton 
A, Mack T. Further evidence for a strong genetic 
influence on the development of autoimmune 
thyroid disease: the California twin study. Thyroid 
2002;12:647-653.

 48.  Brix TH, Petersen HC, Iachine I, Hegedus L. 
Preliminary evidence of genetic anticipation in 
Graves’ disease. Thyroid 2003;13:447-451.

114114

proefschrift Vos.indb   114 28-1-2013   15:17:30



General discussion

Chapter

7

 49.  Friedman JE. Anticipation in hereditary disease: 
the history of a biomedical concept. Hum Genet 
2011;130:705-714.

 50.  La Spada AR, Wilson EM, Lubahn DB, Harding AE, 
Fischbeck KH. Androgen receptor gene mutations 
in X-linked spinal and bulbar muscular atrophy. 
Nature 1991;352:77-79.

 51.  Oberle I, Rousseau F, Heitz D et al. Instability of 
a 550-base pair DNA segment and abnormal 
methylation in fragile X syndrome. Science 
1991;252:1097-1102.

 52.  Verkerk AJ, Pieretti M, Sutcliffe JS et al. 
Identification of a gene (FMR-1) containing a CGG 
repeat coincident with a breakpoint cluster region 
exhibiting length variation in fragile X syndrome. 
Cell 1991;65:905-914.

 53.  Yaturu S, Bridges JF, Dhanireddy RR. Preliminary 
evidence of genetic anticipation in type 2 diabetes 
mellitus. Med Sci Monit 2005;11:CR262-CR265.

 54.  Paterson AD, Kennedy JL, Petronis A. Evidence for 
genetic anticipation in non-Mendelian diseases. Am 
J Hum Genet 1996;59:264-268.

 55.  Tomer Y. Genetic susceptibility to autoimmune 
thyroid disease: past, present, and future. Thyroid 
2010;20:715-725.

 56.  Weetman AP. The genetics of autoimmune thyroid 
disease. Horm Metab Res 2009;41:421-425.

 57.  Ban Y, Concepcion ES, Villanueva R, Greenberg DA, 
Davies TF, Tomer Y. Analysis of immune regulatory 
genes in familial and sporadic Graves’ disease. J 
Clin Endocrinol Metab 2004;89:4562-4568.

 58.  Ban Y, Davies TF, Greenberg DA, Concepcion ES, 
Tomer Y. The influence of human leucocyte antigen 
(HLA) genes on autoimmune thyroid disease 
(AITD): results of studies in HLA-DR3 positive AITD 
families. Clin Endocrinol (Oxf) 2002;57:81-88.

 59.  Sahin M, Erdogan MF, Erdogan G. Cytotoxic T 
lymphocyte-associated molecule-4 polymorphisms 
in Turkish Graves’ disease patients and association 
with probability of remission after antithyroid 
therapy. Eur J Intern Med 2005;16:352-355.

 60.  Tanrikulu S, Erbil Y, Ademoglu E et al. The 
predictive value of CTLA-4 and Tg polymorphisms in 
the recurrence of Graves’ disease after antithyroid 
withdrawal. Endocrine 2006;30:377-381.

 61.  Kavvoura FK, Akamizu T, Awata T et al. 
Cytotoxic T-lymphocyte associated antigen 4 
gene polymorphisms and autoimmune thyroid 
disease: a meta-analysis. J Clin Endocrinol Metab 
2007;92:3162-3170.

 62.  Kanner AD, Coyne JC, Schaefer C, Lazarus RS. 
Comparison of two modes of stress measurement: 
daily hassles and uplifts versus major life events. J 
Behav Med 1981;4:1-39.

 63.  Monroe SM. Major and minor life events as 
predictors of psychological distress: further issues 
and findings. J Behav Med 1983;6:189-205.

 64.  Effraimidis G, Brosschot JF, Tijssen JG, Wiersinga 
WM. Age-dependent changes in recent life events 
and daily hassles in a cohort of healthy women. In: 
Effraimidis G. Early stages of Thyoid Autoimmunity. 
Follow-up Studies in the Amsterdam AITD Cohort.  
[ PhD Thesis University of Amsterdam ]; 2012.

 65.  da Silva JA. Sex hormones, glucocorticoids and 
autoimmunity: facts and hypotheses. Ann Rheum 
Dis 1995;54:6-16.

 66.  Kincade PW, Medina KL, Smithson G, Scott 
DC. Pregnancy: a clue to normal regulation of B 
lymphopoiesis. Immunol Today 1994;15:539-544.

 67.  Paavonen T. Hormonal regulation of immune 
responses. Ann Med 1994;26:255-258.

 68.  Yin X, Latif R, Tomer Y, Davies TF. Thyroid 
epigenetics: X chromosome inactivation in patients 
with autoimmune thyroid disease. Ann N Y Acad 
Sci 2007;1110:193-200.

 69.  Brix TH, Knudsen GP, Kristiansen M, Kyvik KO, 
Orstavik KH, Hegedus L. High frequency of 
skewed X-chromosome inactivation in females 
with autoimmune thyroid disease: a possible 
explanation for the female predisposition to 
thyroid autoimmunity. J Clin Endocrinol Metab 
2005;90:5949-5953.

 70.  Stagnaro-Green A. Postpartum thyroiditis. Best 
Pract Res Clin Endocrinol Metab 2004;18:303-316.

 71.  Jansson R, Dahlberg PA, Winsa B, Meirik O, 
Safwenberg J, Karlsson A. The postpartum period 
constitutes an important risk for the development 
of clinical Graves’ disease in young women. Acta 
Endocrinol (Copenh) 1987;116:321-325.

 72.  Ando T, Davies TF. Clinical Review 160: Postpartum 
autoimmune thyroid disease: the potential role 
of fetal microchimerism. J Clin Endocrinol Metab 
2003;88:2965-2971.

 73.  Schleusener H, Schwander J, Fischer C et al. 
Prospective multicentre study on the prediction of 
relapse after antithyroid drug treatment in patients 
with Graves’ disease. Acta Endocrinol (Copenh) 
1989;120:689-701.

 74.  Vitti P, Rago T, Chiovato L et al. Clinical features 
of patients with Graves’ disease undergoing 
remission after antithyroid drug treatment. Thyroid 
1997;7:369-375.

115

proefschrift Vos.indb   115 28-1-2013   15:17:30



Chapter 7

 75.  Schleusener H, Schwander J, Fischer C et al. 
Prospective multicentre study on the prediction of 
relapse after antithyroid drug treatment in patients 
with Graves’ disease. Acta Endocrinol (Copenh) 
1989;120:689-701.

 76.  Vitti P, Rago T, Chiovato L et al. Clinical features 
of patients with Graves’ disease undergoing 
remission after antithyroid drug treatment. Thyroid 
1997;7:369-375.

 77.  Winsa B, Dahlberg A, Jansson R, Agren H, Karlsson 
FA. Factors influencing the outcome of thyrostatic 
drug therapy in Graves’ disease. Acta Endocrinol 
(Copenh) 1990;122:722-728.

 78.  Yamada T, Aizawa T, Koizumi Y, Komiya I, Ichikawa 
K, Hashizume K. Age-related therapeutic response 
to antithyroid drug in patients with hyperthyroid 
Graves’ disease. J Am Geriatr Soc 1994;42:513-
516.

 79.  Young ET, Steel NR, Taylor JJ et al. Prediction of 
remission after antithyroid drug treatment in 
Graves’ disease. Q J Med 1988;66:175-189.

 80.  Benker G, Reinwein D, Kahaly G et al. Is there 
a methimazole dose effect on remission rate 
in Graves’ disease? Results from a long-term 
prospective study. The European Multicentre 
Trial Group of the Treatment of Hyperthyroidism 
with Antithyroid Drugs. Clin Endocrinol (Oxf) 
1998;49:451-457.

 81.  Weetman AP, Ratanachaiyavong S, Middleton GW 
et al. Prediction of outcome in Graves’ disease after 
carbimazole treatment. Q J Med 1986;59:409-419.

 82.  de Bruin TW, Bolk JH, Bussemaker JK et al. Graves’ 
disease: immunological and immunogenetic 
indicators of relapse. Br Med J (Clin Res Ed) 
1988;296:1292-1295.

 83.  Kawai K, Tamai H, Matsubayashi S et al. A study 
of untreated Graves’ patients with undetectable 
TSH binding inhibitor immunoglobulins and the 
effect of anti-thyroid drugs. Clin Endocrinol (Oxf) 
1995;43:551-556.

 84.  Michelangeli V, Poon C, Taft J, Newnham H, Topliss 
D, Colman P. The prognostic value of thyrotropin 
receptor antibody measurement in the early stages 
of treatment of Graves’ disease with antithyroid 
drugs. Thyroid 1998;8:119-124.

 85.  Cappelli C, Gandossi E, Castellano M et al. 
Prognostic value of thyrotropin receptor antibodies 
(TRAb) in Graves’ disease: a 120 months 
prospective study. Endocr J 2007;54:713-720.

 86.  Schott M, Morgenthaler NG, Fritzen R et al. Levels 
of autoantibodies against human TSH receptor 
predict relapse of hyperthyroidism in Graves’ 
disease. Horm Metab Res 2004;36:92-96.

 87.  Zimmermann-Belsing T, Nygaard B, Rasmussen 
AK, Feldt-Rasmussen U. Use of the 2nd generation 
TRAK human assay did not improve prediction of 
relapse after antithyroid medical therapy of Graves’ 
disease. Eur J Endocrinol 2002;146:173-177.

 88.  Giuliani C, Cerrone D, Harii N et al. A TSHR-LH/
CGR chimera that measures functional thyroid-
stimulating autoantibodies (TSAb) can predict 
remission or recurrence in Graves’ patients 
undergoing antithyroid drug (ATD) treatment. J 
Clin Endocrinol Metab 2012;97:E1080-E1087.

 89.  Badenhoop K, Donner H, Braun J, Siegmund T, Rau 
H, Usadel KH. Genetic markers in diagnosis and 
prediction of relapse in Graves’ disease. Exp Clin 
Endocrinol Diabetes 1996;104 Suppl 4:98-100.

 90.  Vaidya B, Imrie H, Perros P et al. The cytotoxic T 
lymphocyte antigen-4 is a major Graves’ disease 
locus. Hum Mol Genet 1999;8:1195-1199.

 91.  Kimura H, Kato Y, Shimizu S, Takano K, Sato K. 
Association of polymorphism at position 49 in exon 
1 of the cytotoxic T-lymphocyte-associated factor 
4 gene with Graves’ disease refractory to medical 
treatment, but not with amiodarone-associated 
thyroid dysfunction. Thyroid 2009;19:975-981.

 92.  Wang PW, Chen IY, Liu RT, Hsieh CJ, Hsi E, Juo SH. 
Cytotoxic T lymphocyte-associated molecule-4 gene 
polymorphism and hyperthyroid Graves’ disease 
relapse after antithyroid drug withdrawal: a follow-
up study. J Clin Endocrinol Metab 2007;92:2513-
2518.

 93.  Kim KW, Park YJ, Kim TY, Park dJ, Park KS, Cho 
BY. Susceptible alleles of the CD40 and CTLA-4 
genes are not associated with the relapse after 
antithyroid withdrawal in Graves’ disease. Thyroid 
2007;17:1229-1234.

 94.  Chen PL, Fann CS, Chu CC et al. Comprehensive 
genotyping in two homogeneous Graves’ disease 
samples reveals major and novel HLA association 
alleles. PLoS One 2011;6:e16635.

 95.  Chng CL, Seah LL, Khoo DH. Ethnic differences 
in the clinical presentation of Graves’ 
ophthalmopathy. Best Pract Res Clin Endocrinol 
Metab 2012;26:249-258.

 96.  Middleton D, Menchaca L, Rood H, Komerofsky 
R. New allele frequency database: http://
www.allelefrequencies.net. Tissue Antigens 
2003;61:403-407.

 97.  Cooper JD, Simmonds MJ, Walker NM et al. Seven 
newly identified loci for autoimmune thyroid 
disease. Hum Mol Genet 2012.

 98.  Patel NN, Abraham P, Buscombe J, Vanderpump 
MP. The cost effectiveness of treatment modalities 
for thyrotoxicosis in a U.K. center. Thyroid 
2006;16:593-598.

116116

proefschrift Vos.indb   116 28-1-2013   15:17:31



General discussion

Chapter

7

 99.  Allahabadia A, Daykin J, Sheppard MC, Gough 
SC, Franklyn JA. Radioiodine treatment of 
hyperthyroidism-prognostic factors for outcome. J 
Clin Endocrinol Metab 2001;86:3611-3617.

 100.  Bufalo NE, Santos RB, Cury AN et al. Genetic 
polymorphisms associated with cigarette smoking 
and the risk of Graves’ disease. Clin Endocrinol 
(Oxf) 2008;68:982-987.

 101.  Winsa B, Adami HO, Bergstrom R et al. Stressful life 
events and Graves’ disease. Lancet 1991;338:1475-
1479.

117

proefschrift Vos.indb   117 28-1-2013   15:17:31



proefschrift Vos.indb   118 28-1-2013   15:17:31



8Chapte
r

Summary & Nederlandse samenvatting

proefschrift Vos.indb   119 28-1-2013   15:17:31



proefschrift Vos.indb   120 28-1-2013   15:17:31



Summary

Chapter

8

SUMMARY

Graves’ hyperthyroidism is caused by stimulating thyrotropin receptor autoantibodies 

which bind to and activate the TSH receptor on thyroid epithelial cells, resulting in 

hyperthyroidism. Graves’ disease is considered to be a complex disease in which the 

interplay between various predisposing genetic and environmental factors results in 

the development of Graves’ disease. Twin studies have shown that about 75% of the 

susceptibility to develop Graves’ disease can be attributed to genetic factors, leaving 25% 

for environmental factors. Exposure to stress, cigarette smoke, iodine excess and several 

drugs have all been identified as relevant environmental factors in the pathogenesis 

of Graves’ hyperthyroidism. As a consequence of the multifactorial etiology, there is 

marked variation in phenotypic appearance of Graves’ disease. Little is known about 

the determinants of different phenotypes. In the present thesis we report the effect of 

environmental and genetic factors on phenotypic appearance and the risk of recurrence 

after a course of antithyroid drugs in a prospective multicenter observational study of 263 

newly diagnosed patients with a first episode of Graves’ hyperthyroidism. 

Chapter 1 contains a general introduction and outline of the thesis, including a short 

overview of the pathogenesis of Graves’ disease, clinical presentation and treatment 

options. The effects of known polymorphisms in susceptibility genes and environmental 

factors on phenotypic appearance are described. 

In chapter 2 we tested the sensitivity of a second generation thyrotropin-binding 

inhibitory immunoglobulin (TBII) assays for the diagnosis of Graves’ hyperthyroidism. 

The prevalence of TBII-seronegativity in our cohort of untreated patients with a first 

episode of Graves’ hyperthyroidism is 5.4%. We found that TBII-seronegative patients 

have biochemically and clinically less severe thyrotoxicosis. There was a direct correlation 

between serum TBII with both serum freeT3-index and freeT4-index. We also observed 

increasing goiter size and higher prevalence of Graves’ orbitopathy with increasing serum 

TBII concentrations. The absence of TBII in serum does not exclude the diagnosis of 

Graves’ hyperthyroidism. 

In chapter 3 we tested our hypothesis that less severe Graves’ hyperthyroidism with 

advancing age is causally associated with less exposure to stress. We found that advancing 

age is indeed associated with less severe Graves’ hyperthyroidism as evident from lower 

serum thyroid hormone levels, lower thyroid autoantibodies serum concentrations, and 

smaller goiter size. Advancing age is also associated with less stress exposure. Because 

no direct relationship existed between stress exposure and serum thyroid hormones and 

thyroid autoantibodies, we had to reject our hypothesis that less stress exposure in old 

age is causally related to less severe Graves’ hyperthyroidism in elderly people. 

Chapter 4 describes the effect of a positive familial history for autoimmune thyroid disease 

(AITD) and duration of complaints on phenotypic appearance of Graves’ hyperthyroidism. 

The peak incidence for the diagnosis of Graves’ hyperthyroidism was 2–3 months after 
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onset of symptoms (32% of patients). Duration of symptoms was negatively associated 

with age. Longer duration of symptoms until diagnosis was associated with larger goiter 

size and higher serum thyroid autoantibodies concentrations. A positive family history for 

AITD was present in 43%. Patients with the highest familial predisposition (as assessed 

from a constructed family history score) were more often male and were younger 

compared to patients with a low familial predisposition. Otherwise, no differences were 

found in exposure to environmental factors and in clinical or biochemical severity of 

hyperthyroidism between patients with a positive or negative family history for AITD. We 

found support for the existence of genetic anticipation in Graves’ disease as evident from 

a lower age of onset in the group with the highest familial predisposition for AITD. 

In chapter 5 we tested our hypothesis that subjects with genetic susceptibility to Graves’ 

disease are younger at time of diagnosis, present with more severe disease and require 

less exposure to environmental factors for contracting Graves’ hyperthyroidism. We 

found that G-alleles in CTLA4 49A/G and CTLA4 CT60 SNPs were dose-dependently 

associated with younger age at time of diagnosis. G/G homozygotes were respectively 

7 and 8 years younger at time of diagnosis. No relation with age at diagnosis was found 

for any of the HLA subtypes and PTPN22 C/T. In view of the female preponderance in 

AITD, gender-specific analyses were performed. Males (but not females) in HLA linkage 

disequilibrium had more severe (biochemical and immunological) hyperthyroidism and a 

tendency to younger age at diagnosis, compared with those not in linkage disequilibrium. 

Polymorphism CTLA4 49A/G was associated with less exposure to stress (number and 

total amount of daily hassles). This association was enhanced in men and attenuated in 

women. These data support our hypothesis that Graves’ hyperthyroidism occurs at a 

younger age with less exposure to environmental factors in subjects carrying susceptibility 

genotypes. The impact of genotypes seems to be greater in males than in females.

In chapter 6 we developed a predictive score to estimate the risk of recurrence after a 

course of antithyroid drugs, based on clinical and genetic parameters prior to the start 

of treatment. In our cohort of 178 Caucasian patients with a first episode of Graves’ 

hyperthyroidism, 37% of patients had recurrent Graves’ hyperthyroidism within two 

years after antithyroid drugs withdrawal. Assessed at time of diagnosis and before the 

start of therapy, lower age at diagnosis, higher serum fT4, higher serum TBII, larger 

goiter sizes, PTPN22 C/T polymorphism, and HLA subtypes DQB1*02, DQA1*05, and 

DRB1*03 were independent predictors for recurrence after antithyroid drug treatment. 

Two simplified predictive models for recurrence were calculated based on hazard ratios of 

the multivariate model; called the GREAT (Graves’ Recurrent Events After Therapy) score 

for clinical markers and the GREAT+ score for the combination of clinical and genetic 

markers. The GREAT and GREAT+ scores were divided into classes according to recurrence 

rates. Higher recurrence risk classes were observed in GREAT score Class III (68%) when 

compared with Class II (44%) or Class I (16%). The GREAT+ score showed much higher 
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rates of recurrence in the Class IV+ (84%), compared with Class III+ (49%), Class II+ 

(21%) and Class I+ (4%). In patients with GREAT score class III a course of antithyroid 

drugs should not be recommended in view of the high risk on recurrent hyperthyroidism, 

whereas antithyroid drugs might be a good option in GREAT score class I. In patients with 

GREAT score class II it is probable worthwhile to perform genotyping: the GREAT+ score 

may than result in a more accurate estimate of recurrence risk, enabling better counseling 

for selection of the most appropriate treatment modality. Our prediction model based 

on simple clinical assessment, supplemented with genotyping where necessary, can 

be very valuable in individualized treatment of newly diagnosed patients with Graves’ 

hyperthyroidism in routine clinical practice.  

In chapter 7 we discussed the main findings of this thesis and indicate some directions 

for future research.
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Graves’ hyperthyreoïdie is een autoimmuunziekte waarbij het lichaam antistoffen maakt 

die binden aan de TSH-receptor van epitheliale schildkliercellen waardoor de schildklier 

aangezet wordt tot overmatige productie van schildklierhormoon (hyperthyreoïdie).  De 

etiologie van de ziekte van Graves’ is complex waarbij de interactie tussen verschillende 

predisponerende genetische polymorfismen en omgevingsfactoren leidt tot het 

ontwikkelen van de ziekte. Uit onderzoek bij tweelingen is gebleken dat de bijdrage van 

genetische factoren aan het ontstaan van de ziekte van Graves ongeveer 75% is, zodat 

25% toegeschreven kan worden aan omgevingsfactoren. Omgevingsfactoren waarvan 

is aangetoond dat ze bijdragen aan de pathogenese van Graves’ hyperthyreoïdie zijn 

onder andere stress, roken, jodium inname en verschillende medicijnen. Als gevolg van 

de vele factoren die van invloed zijn op het ontstaan van de ziekte van Graves’, bestaat 

er ook een grote variatie in het fenotype (zoals in ernst van de klachten en klinische 

verschijnselen zoals strumagrootte en oogklachten). Echter, er is weinig bekend over de 

invloed van de afzonderlijke factoren op het fenotype. In dit proefschrift beschrijven we 

de invloed van verschillende omgevingsfactoren en genetische polymorfismen op het 

fenotype van Graves’ hyperthyreoïdie en op het risico op recidiverende hyperthyreoidie 

na thyreostatica in een prospectief, multicenter, observationeel onderzoek bij 263 nieuw 

gediagnosticeerde patiënten met een eerste episode van Graves’ hyperthyreoïdie. 

Hoofdstuk 1 bevat een korte algemene introductie over de huidige inzichten in de 

pathogenese van de ziekte van Graves’, de klinische presentatie en de verschillende 

behandelingsmogelijkheden. De invloed van diverse genetische polymorfismen en 

omgevingsfactoren op het ontstaan van de ziekte van Graves’ wordt beschreven. 

In hoofstuk 2 testen we de sensitiviteit van een tweede generatie bepaling van TSH-binding 

remmende immunoglobulines (TBII) in de diagnostiek van Graves’ hyperthyreoidie. In ons 

cohort van onbehandelde patiënten met een eerste episode van Graves’ hyperthyreoidie 

was bij 5.4% van de patiënten de TBII-bepaling negatief. De TBII-seronegatieve patiënten 

hadden een biochemisch en klinisch minder ernstige thyreotoxicose. De serum TBII 

concentratie was direct gecorreleerd aan zowel de serum vrij T3-index als de serum vrij 

T4-index. Tevens werd een toename van de schildkliergrootte en een hogere frequentie 

van Graves’ orbitopathie gevonden bij hogere serum TBII concentraties. De afwezigheid 

van TBII in het serum sluit de diagnose Graves’ hyperthyreoidie dus niet uit bij gebruik 

van deze bepaling. 

In hoofdstuk 3 testen we de hypothese dat er een causaal verband bestaat tussen de 

minder ernstige Graves’ hyperthyreoidie op oudere leeftijd en minder blootstelling aan 

stress. We vonden inderdaad dat Graves’ hyperthyreoidie zich op oudere leeftijd minder 

ernstig presenteert, zich uitend in lagere serum schildklierhormoon waarden, lagere 

concentraties schildklierantistoffen en een kleiner struma. Eveneens vonden we dat hogere 

leeftijd geassocieerd is met minder blootstelling aan stress. Daarentegen werd geen 
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relatie gevonden tussen de mate van blootstelling aan stress en serum schildklierwaarden 

of schildklierautoautoantistoffen. De hypothese dat minder stress op oudere leeftijd een 

causaal verband vertoont met een minder ernstige Graves’ hyperthyreoidie, moet dus 

worden verworpen. 

Hoofdstuk 4 beschrijft het effect van enerzijds een positieve familie anamnese voor 

autoimmuun schildklierziekten (AITD) en anderzijds de duur van de klachten op de 

ernst van de Graves’ hyperthyreoidie op het moment van diagnose. De diagnose 

Graves’ hyperthyreoidie werd meestal gesteld na een mediane klachtenduur van 2 – 3 

maanden (32% van de patienten). De klachtenduur was negatief geassocieerd met de 

leeftijd. Een langere duur van de klachten was geassocieerd met een groter struma en 

hogere concentraties van schildklierautoantistoffen. Een positieve familie anamnese voor 

AITD werd bij 43% van de patiënten gevonden. Patiënten met de hoogste familiaire 

predispositie zijn vaker man en zijn jonger bij het stellen van de diagnose ten opzichte 

van patiënten met een mindere familiaire aanleg. Er werden geen verschillen gevonden 

in expositie aan omgevingsfactoren, noch in klinische of biochemische ernst van de 

hyperthyreoidie, tussen patiënten met een positieve en negatieve familie anamnese voor 

AITD. Er is dus sprake van genetische anticipatie in Graves’ hyperthyreoidie zich uitend 

in een lagere leeftijd op het moment van diagnose bij patiënten met een hoge familaire 

predispositie voor AITD. 

In hoofdstuk 5 hebben we onderzocht of personen met een bewezen genetische aanleg 

voor de ziekte van Graves’ (polymorfismen in “susceptibility genes”), de ziekte op een 

jongere leeftijd krijgen en of deze zich dan uit in een ernstiger vorm waarbij minder 

blootstelling aan omgevingsfactoren nodig is geweest om de ziekte te ontwikkelen. Uit 

deze studie bleek dat er een dosis afhankelijke relatie bestaat tussen het aantal G-allelen 

in de polymorfismen CTLA4 49A/G en CTLA4 CT60 SNP’s en de leeftijd op het moment 

van diagnose. G/G homozygoten waren respectivelijk 7 en 8 jaar jonger op het moment 

van de diagnose. Er werd geen relatie gevonden tussen leeftijd bij het stellen van de 

diagnose en HLA subtypes of het polymorfisme PTPN22 C/T.

Met het oog op de hogere prevalentie van AITD bij vrouwen werd een geslachtsspecifieke 

analyse uitgevoerd. Bij mannen (niet bij vrouwen) met HLA in linkage disequilibrium 

werd een biochemisch en immunologisch ernstiger hyperthyreoidie gevonden, met 

een tendens naar een jongere leeftijd op het moment van diagnose, vergeleken met 

mannen zonder HLA linkage disequilibrium. Het polymorfisme CTLA A/G was eveneens 

geassocieerd met minder blootstelling aan stress (gemeten aan de hand van aantal en 

totale hoeveelheid aan dagelijkse problemen). Deze associatie is versterkt aanwezig bij 

mannen en verminderd aanwezig bij vrouwen. Deze data ondersteunen onze hypothese 

dat bij patiënten die genetisch vatbaar zijn voor Graves’ hyperthyreoidie de ziekte zich op 

een jongere leeftijd uit, waarbij de invloed van omgevingsfactoren minder is. De invloed 

van genetische factoren lijkt groter te zijn bij mannen dan bij vrouwen. 
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In hoofdstuk 6 hebben we een predictieve score ontwikkeld om het risico op het 

krijgen van een recidief van Graves’ hyperthyreoidie na het staken van medicamenteuze 

behandeling te kunnen voorspellen. De predictieve score is gebaseerd op klinische en 

genetische parameters voor de start van de behandeling. Bij 37% van de Kaukasische 

patienten met een eerste episode van Graves’ hyperthyreoidie in ons cohort werd een 

relapse van de ziekte binnen twee jaar na het staken van de thyreostatica vastgesteld. 

Wij vonden de volgende onafhankelijke voorspellers op het moment van diagnose voor 

het krijgen van een relapse na medicamenteuze therapie: jongere leeftijd, hoger serum 

fT4, hoger serum TBII, grotere schildklier, PTPN22 C/T polymorfisme en HLA DQB1*02, 

DQA1*05 en DRB1*03 subtypes. Op basis van de hazard ratios van het multivariate 

model werden twee modellen gemaakt om het risico op relapse na het staken van 

thyreostatische behandeling te voorspellen; de GREAT (Graves’ Recurrent Events After 

Therapy) score gebaseerd op klinische parameters, en de GREAT+ score gebaseerd op 

een combinatie van klinische en genetische parameters. De GREAT en GREAT+ scores 

werden op hun beurt opgesplitst in klassen op basis van het aantal recidieven. Er 

werd een hogere recidiefkans gevonden in de GREAT score klasse III (68%) vergeleken 

met klasse II (44%) en klasse I (16%). In de GREAT + klasse IV werd een veel hogere 

recidiefkans gevonden (84%) vergeleken met klasse III (49%), klasse II (21%) en klasse 

I (4%). In patiënten met GREAT score klasse III lijkt behandeling met thyreostatica niet 

aangewezen gezien het hoge risico op een recidief hyperthyreoidie, terwijl thyreostatica 

een goede behandelingsoptie lijkt voor patienten in GREAT score klasse I. In geval van 

GREAT score II valt genotypering te overwegen: de GREAT+ score kan dan resulteren 

in een meer accurate schatting van het risico op een recidief, wat bij het kiezen van de 

meest geëigende behandeling behulpzaam kan zijn. Ons voorspellingsmodel, gebaseerd 

op eenvoudige klinische bepalingen, zo nodig aangevuld met genetische parameters, 

kan van grote waarde zijn bij de individuele behandeling van nieuw gediagnostiseerde 

patiënten met Graves’ hyperthyreoidie in de dagelijkse praktijk. 

Tot slot worden de belangrijkste bevindingen uit dit proefschrift en aanbevelingen voor 

toekomstig onderzoek besproken in hoofdstuk 7.
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