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Abstract: Graves' disease (GD) is an autoimmune disorder in which Thyrotropin Receptor Antibodies (TRAb)
continuously stimulate thyroid receptors, leading to excessive production of thyroid hormones. TRAb also
affect the orbital tissues, causing Graves' ophthalmopathy. Treatment to control Graves' disease consists of
antithyroid drugs, radioiodine and thyroidectomy, and through such treatments, TRAbD is reduced and the
disease is alleviated. The mechanism by which TRAb, which play a critical role in the pathogenesis of Graves’
disease, decreases after GD treatment is still unknown. This paper presents a theoretical mechanism of how
GD patients maintain a vicious cycle and how GD treatment can reduce the TRAD levels and breaks the cycle
using stress-based ideas.
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1. Introduction

Graves' disease is an autoimmune disorder in which thyrotropin receptor antibodies (TRAD)
appear for some reason, which stimulate the thyroid stimulating hormone (TSH) receptors on the
surface of thyroid follicular cells, generally creating a state of hyperthyroidism. It suggests that TRAD
suppress TSH secretion independently of thyroid hormone (TH) levels even in treated euthyroid
Graves' disease patients [1,2]and interfere with the binding of TSH to thyroid receptors [3].
Additionally, in untreated GD patients, TRAb maintains high TH levels independent of negative
feedback, which lowers TSH that is controlled by that feedback. Therebefore, it seems that in GD
patients, TH synthesis and secretion are entirely controlled by TRAB before treatment. It also suggests
that TRAD are independent risk factors for graves” ophthalmopathy [4]. The key to treating Graves'
hyperthyroidism is to restore TH levels to normal, reduce TRAb levels, and normalize TSH levels.
Since TRAD level at the end of drug treatment is reported to be closely related to a high likelihood of
relapse or entering into a sustained remission [5], therefore lowering TRAD levels will be a crucial
role in the treatment of GD.

2. Materials and Methods

Antithyroid Drugs

Antithyroid drugs (ATD) belong to the class of thionamides (carbimazole (in the UK),
methimazole and propylthiouracil (in the US)) and have been used to treat thyrotoxicosis since the
1940s. A recent meta-analysis including 6 studies with ATD duration of > 24 months in adults with
GD documented a remission rate of 57% [6].However the mechanisms of action of ATD are not
completely understood, in particular, how the drugs lower TRAb levels, which causes GD, only
knowing that the action of these drugs is to inhibit TH synthesis [7]. There was once a hypothesis that
ATD directly lower TRAD levels by immunosuppressive effect [8]. However, the hypothesis is
unconvincing for the following reasons. 1) In addition to thyroid hormone synthesis inhibitors, TRADb
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can also be reduced by thyroidectomy or radioiodine treatment [9,10] 2) No difference in remission
rates between low and high-dose ATD regimens [11] 3) Although it is a case report, administration
of large and sudden doses of methimazole increased TRAb [12] Therefore, rather than saying that
these agents have a direct immunosuppressive effect, it seems more reasonable to think that they
reduce TH levels and that the reduced TH lowers TRAD indirectly through some mediators [13-15].

Vicious Cycle in GD Patients

Hyperthyroidism signs and symptoms: Nervousness, anxiety, irritability, increased heat
sensitivity, difficulty sleeping, mood swings, feeling tired all the time, palpitations, weight loss,
muscle weakness, altered menstrual rhythm, eye problems, such as redness, dryness or vision
problems, trembling hands and legs, increased intestinal transit, warm skin and excessive sweating
etc. [16]. The above symptoms and signs of hyperthyroidism themselves act as emotional and
physical stress in GD patients. Additionally, GD patients react more sensitively to external stress, for
example, they may become easily irritated or have severe heart palpitations due to exposure to mild
heat or a minor argument with a colleague. Furthermore, some experimental studies showed an
elevated oxidative stress during hyperthyroidism [17]. In several studies, stress is known to act as a
trigger for the onset and recurrence of autoimmune diseases, including GD, as well as to create and
maintain their vicious cycles by altering the cytokine profile released [18,19].
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Figure 1. Vicious cycle in GD patients.

Breaking the Vicious Cycle

Regardless of treatment modality, restoration of euthyroidism is accompanied by improvement
in the quality of life and psychological symptoms in GD patients [21] as well as alleviating systemic
oxidative stress [17,22]. Such improvement in stress resulting from treatments will reduce TRAb
levels and break the vicious cycle of GD.

Through a logical interpretation of the results of various related studies, it is highly likely that
the improvement or cure of GD can be achieved by alleviating stress related to the signs and
symptoms of GD by lowering the excess TH level regardless of the treatments methods.

3. Discussion

Anti-thyroid drugs, the main treatment for the disease, were developed about 80 years ago, but
the exact mechanism is still unknown. There is little evidence that the drugs directly reduce levels of
TRAD, which causes the disease. This paper describes a possible mechanism for how GD can be
alleviated and cured. What drug therapy, radioiodine and thyroidectomy have in common is to
restore elevated thyroid hormones to normal levels. Several studies have shown that restoration of
normal levels of TH reduces mental, physical and oxidative stress which are associated with a
decrease in autoimmune antibody levels. In that context, drugs such as benzodiazepines, which
reduce patients' mental stress, or supplements with antioxidant effects such as selenium may be
helpful [23-25].GD is easier to treat and cure than other autoimmune diseases, such as rheumatoid
arthritis. The reason may be that it is easier to break the vicious cycle mediated by stress than other
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autoimmune diseases. Elevated TH level is associated with stress, and alleviating that stress can be
achieved simply by lowering TH levels with any treatment.

However, a phenomenon is observed that contradicts the claim in this paper. This paper says
that TRAD level decreases when the high TH level recovers to normal, but it is observed that after
radioiodine treatment TRAb temporarily increases and that transient increase in TRAD is associated
with the deterioration and the onset of the grave’s ophthalmopathy [26]. The exact cause for that is
not yet clear, but the following reasons are possible:

1. Radioiodine treatment itself causes oxidative stress [29] which may increase TRAD.

2. Due to the high incidence of transient hypothyroidism during the first 3 months following
radioiodine treatment [30]. Several studies observed that TRADb increased even more in the patients
who transitioned to hypothyroidism [31,32]. Hypothyroidism is also related to increasing oxidative
stress which led to TRAD increase [33].

3. Due to the sudden decrease in TH level. As observed in the article (Figure 2-(1)) [27],
radioiodine treatment reduces TH level more rapidly than other treatments, as a result that TRAb
level may temporarily increase as a rebounding effect to the sudden decrease in TH level. The
simultaneous increase of TSH and TRAb immediately after treatment can support this thought
(Figure 2-(1)) [28]. Levothyroxine replacement during this time will slow the rate of decrease in TH
levels and prevent transient hypothyroidism, slowing down the TRADb increase rate, and
consequently helping to prevent RAl-induced ophthalmopathy [34].
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Figure 2. Drug-mediated changes in TH and TSH levels.

(1). Change in TH and TRAD levels after anti-thyroid drug(left), radioiodine (middle), total
thyroidectomy (right) [27]

(2). Change in TSH level by radioiodine therapy for GD patients [28].

Although there have been numerous papers on GD so far, there are still very few papers on the
mechanism by which the disease is cured. Understanding the mechanism will help treat the disease
more effectively and develop new drugs to treat the disease. This paper explains the mechanism of
GD treatments with this logical chain relationship: "elevated TH level -> worsening of stress -> high
TRAD level -> maintain elevated TH level-> vicious cycle-> treatment -> normalization of TH level ->
relief of stress -> reduction of TRAb -> alleviation of disease" However, we cannot rule out the
possibility that TH reduction itself causes a decrease in TRAB levels, which is the main cause of the
disease, by mediators other than stress. Nevertheless, it appears that stress is the main mediator of
maintaining the vicious cycle of GD and its curing.
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