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Background: Thyroid hormone resistance syndrome (RTH) is a rare hereditary endocrine disease that can manifest as hyperthyroid
ism, hypothyroidism, or remain asymptomatic. It can easily be confused with other types of thyroid diseases. The diagnosis of the 
disease depends on genetic testing.
Case Report: We report a 19-year-old male patient with elevation of thyroid hormones. Serological examination showed elevated 
thyroid hormone levels, and thyroid-stimulating hormone levels within the reference interval. The patient was finally diagnosed with 
RTH after genetic testing that identified a gene mutation inherited from his mother. Due to timely diagnosis, the patient’s condition has 
been well controlled, and his prognosis is good.
Conclusion: The clinical manifestations of RTH lack specificity, and serological examination typically shows elevated thyroid 
hormone levels and unsuppressed thyrotropin levels. Differential diagnosis requires a combination of serological examination, imaging 
studies, and functional tests to distinguish RTH from other conditions. The purpose of this treatment is to improve symptoms and 
should not involve the blind administration of antithyroid drugs, thyroid surgery, or radiotherapy.
Keywords: Inappropriate secretion of thyroid-stimulating hormone, resistance to thyroid hormone, thyroid hormone receptor β, THRB 
gene

Introduction
Thyroid hormone resistance syndrome (RTH), also known as thyroid hormone insensitivity syndrome (THIS), is mainly 
caused by mutations in the gene encoding the thyroid hormone receptor β (TRβ). These mutations result in the resistance 
of target organs or tissues to thyroid hormone (TH), characterized by increased serum TH levels and a lack of thyroid- 
stimulating hormone (TSH) inhibition.1 The diversity in gene mutations and TH resistance severity lead to a range of 
clinical manifestations in RTH patients; some are asymptomatic, some have hyperthyroidism, and some have 
hypothyroidism.2 The clinical manifestations are more complicated in patients with RTH comorbid with other thyroid 
diseases. The substantial heterogeneity of RTH results in missed diagnoses, misdiagnoses, and mistreatment. Here, we 
describe the diagnosis and treatment of a patient with RTH at our hospital, review the related literature, and introduce the 
relevant knowledge of the disease to provide a reference for clinicians in diagnosing and treating RTH.

Case Report
Clinical Data
A 19-year-old male presented at the endocrinology department of our hospital on January 11, 2023. Two months prior, 
the patient developed emotional agitation without obvious inducement, accompanied by chest tightness, hand-shaking, 
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and diarrhea. Thyroid function was examined at another hospital on November 8, 2022, and revealed the following: 
triiodothyronine (T3), 2.85 (normal range, 1.01–2.95) nmol/L; thyroxine (T4), 196.00 (normal range, 55.34–160.88) 
nmol/L; free triiodothyronine (FT3), 8.69 (normal range, 2.77–6.50) pmol/L; free thyroxine (FT4), 37.50 (normal range, 
10.43–24.32) pmol/L; and TSH, 3.48 (normal range, 0.40–4.34) mIU/L. At that time, the patient was unable to receive 
further diagnosis and treatment for personal reasons. One week before presenting at our hospital, the patient developed 
palpitations, and the reported symptoms were slightly worse than before. The outpatient clinic examined his thyroid 
function and revealed the following: T3, 2.20 (normal range, 1.01–2.95) nmol/L; T4, 209.90 (normal range, 
55.34–160.88) nmol/L; FT3, 8.63 (normal range, 2.77–6.50) pmol/L; FT4, 34.06 (normal range, 10.43–24.32) pmol/L; 
TSH, 4.13 (normal range, 0.40–4.34) mIU/L; thyroid peroxidase antibody (TPOAb), 43.80 (normal range, <60) U/mL; 
and thyroglobulin antibody (TGAb), <15 (normal range, <60) U/mL. The patient was admitted to the hospital from the 
outpatient clinic with suspected syndrome of inappropriate secretion of TSH (SITSH). During the course of the disease, 
the patient did not experience fever, chills, or sweating. The patient’s appetite was unaffected, and he did not experience 
weight loss, fatigue, constipation, or other discomfort. The patient was in good health and had no history of chronic 
disease or radiation exposure to the neck. His parents were not consanguineous, and no genetic history in the family.

Physical examination revealed the following: body temperature, 36.5°C; pulse, 97 bpm; breathing, 19 bpm; blood 
pressure, 120/78 mmHg; height, 172 cm; weight, 70 kg; BMI, 23.66 kg/m2; clear mind; normal development, 
intelligence, vision, and hearing; no exophthalmos; free eye movements; mild thyroid enlargement and softness, with 
no tenderness and with swallowing up and down; no vascular murmur; no positive signs in the heart, lung or abdomen; 
normal muscle strength and tension of the extremities; no mucinous edema of lower limbs.

Supplementary Examination
Re-examination of thyroid function on January 12, 2023, revealed the following results: T3, 1.99 (normal range, 
1.01–2.95) nmol/L; T4, 184.30 (normal range, 55.34–160.88) nmol/L; FT3, 8.17 (normal range, 2.77–6.50) pmol/L; 
FT4, 32.74 (normal range, 10.43–24.32) pmol/L; TSH, 2.30 (normal range, 0.40–4.34) mIU/L; TPOAb, 52.00 (normal 
range, <60) U/mL; TGAb, <15 (normal range, <60) U/mL; thyroid stimulating receptor antibody (TRAb), <0.10 (normal 
range, <1.00) U/L; and reverse triiodothyronine (rT3), 66.13 (normal range, 35.00–95.00) ng/dl. There were no obvious 
abnormalities in the blood routine, biochemistry, cortisol rhythm, adrenocorticotropin, growth hormone, or sex hormone 
test results. The 2-hour thyroid iodine uptake rate was lower than the normal value, and the 6-hour thyroid iodine uptake 
rate was normal. Thyroid color Doppler ultrasound revealed a right thyroid follicular cyst (TI-RADS-II). Thyroid single 
photon emission computed tomography revealed an enlarged thyroid volume. Bone age: adult bone age. No obvious 
abnormalities were found on routine or enhanced magnetic resonance imaging (MRI) of the pituitary gland. The patient’s 
electrocardiogram results were normal.

Genetic Testing
The patient showed elevated FT3, FT4, and T4 levels and some manifestations of thyrotoxicosis; however, his TSH and 
thyroid autoantibody levels were normal, and the thyroid iodine uptake rate decreased, which did not support the 
diagnosis of primary hyperthyroidism. The physical and other auxiliary examinations also ruled out thyroiditis, TSH 
secreting pituitary adenoma (TSHoma), and other central hyperthyroidism. The patient was highly suspected to have 
RTH. Genetic analyses were performed on the patient and his family after obtaining informed consent. The full exome of 
genomic DNA was captured and sequenced by KingMed Diagnostics Co., Ltd. The result revealed a heterozygous 
mutation in the THRB gene encoding thyroid hormone receptor β (TRβ) on chromosome 3. The 947 base G in the gene’s 
coding region was converted to A, and the nucleotide codon changed from CGC to CAC, converting amino acid 316 
from arginine to histidine (R316H). Missense mutations can lead to RTH. The mother and the patient had a heterozygous 
mutation at the same site; the father had no mutation (Figure 1).

Discussion
Most cases of RTH, a family hereditary disease, exhibit autosomal dominant inheritance, and some cases exhibit 
autosomal recessive inheritance.1,3 Sporadic cases are rare. The main cause of RTH is a mutation in the gene encoding 
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TR, divided into TRα and TRβ.4 Mutations in the THRB gene, encoding TRβ, are the most common cause of RTH.5 

A small number of RTH patients do not have THRB gene mutations and instead have mutations in the genes encoding 
TRα,6,7 TH cell membrane transporters,8 TH intracellular metabolic factors,9,10 or other coregulatory factors.11 THRB 
gene mutations can also be selectively expressed in some tissues, that is, somatic mutations,12 and cannot be detected in 
peripheral blood.

According to the degree of resistance of target organs or tissues to TH, RTH can be divided into generalized 
resistance to thyroid hormone (GRTH), pituitary resistance to thyroid hormone (PRTH), and peripheral tissue resistance 
to thyroid hormone (PTRTH). GRTH is the most common presentation, in which pituitary and peripheral tissues are 
resistant to TH, TH compensatory increase occurs, and TSH is normal or increased. Most patients can be compensated by 
increasing TH and TSH, generally without obvious symptoms, while decompensated patients show hypothyroidism. 
Only the pituitary gland is resistant to TH in PRTH; the response of peripheral tissue to TH is normal, TSH is 
oversecreted, and TH synthesis is increased. The clinical manifestation is mild to moderate hyperthyroidism with no 
exophthalmos or pretibial mucinous edema. PTRTH is extremely rare; only peripheral tissue is resistant to TH, the 
pituitary response to TH is normal, TH is elevated, and TSH is normal or elevated. The clinical manifestation is 
hypothyroidism.1 The clinical manifestations of patients with RTH vary greatly. According to existing reports, the most 
common presentation is goiter, and other symptoms include tachycardia, short stature, growth retardation, intellectual 
disability, attention deficit, abnormal hearing, and visual impairment.13,14 RTH can also be comorbid with other thyroid 
diseases, complicating the clinical manifestations. The level of TSH in most patients with RTH increases, and as the TSH 
level increases, the risk of thyroid nodules increases, potentially leading to cancer.15–17 Moreover, long-term stimulation 
with TSH can cause chronic lymphocyte infiltration, leading to thyroid damage and autoimmune thyroid disease (AITD), 
including Graves’ disease and Hashimoto’s thyroiditis.18 However, some studies have shown that the prevalence of AITD 
with age is not affected by the THRB gene.19 In addition, cardiovascular diseases, such as arrhythmia and heart valvular 
disease, are more common in RTH patients, and the condition is milder.20 Decreased TH sensitivity is associated with 
diabetes, hypertension, metabolic syndrome, osteoporosis, fracture, and decreased renal function.21–24

Figure 1 Genetic test results of the patient and his parents (red arrow indicates mutation location).
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When diagnosing RTH, general thyroid diseases, such as Graves’ disease and primary hypothyroidism, should first be 
ruled out by serological examination. For patients suspected to have RTH, thyroid function, sex hormone binding 
globulin (SHBG), and serum ferritin require multiple repeat tests to rule out assay interference. SHBG and serum ferritin 
are effector proteins of TH, which are mainly produced by the liver and generally increased in patients with hyperthyr
oidism; patients with RTH do not demonstrate increased SHBG and serum ferritin due to the resistance of the liver to TH. 
Second, disorders leading to abnormal binding of TH in the serum, including familial dysalbuminemic hyperthyrox
inemia, abnormal thyroxine-binding globulin, or transthyretin, should be excluded. The clinical manifestation of 
TSHoma is hyperthyroidism, and the serological manifestation is elevated TH and a lack of TSH inhibition, similar to 
the manifestations of RTH.25 Occupying lesions can usually be found on pituitary MRI in patients with TSHoma; 
however, there are clinical reports of RTH complicated with pituitary nonfunctional microadenoma or TSHoma.26–29 

Thus, it is particularly important to determine whether pituitary tumors secrete TSH. In the thyrotropin-releasing 
hormone (TRH) stimulation test, patients with TSHoma do not demonstrate TSH being excited by TRH, while patients 
with RTH show normal or overreactive TSH. In the L-triiodothyronine inhibition test, TSH is not inhibited in patients 
with TSHoma but is significantly inhibited in patients with RTH. In the somatostatin test, TSH in patients with TSHoma 
can usually be inhibited by somatostatin, which can decrease the size of the tumor. The response to somatostatin is low in 
patients with RTH. However, in clinical practice, the criteria for the somatostatin test have not been unified, and the rates 
of TSH inhibition in patients with different diseases overlap; therefore, this test has not been popularized at present. The 
determination of serum glycoprotein hormone alpha-subunit (α-GSU) is also helpful for distinguishing between the two. 
The α-GSU or α-GSU/TSH ratio is increased in patients with TSHoma but is normal in patients with RTH.30,31 The 
diagnosis of RTH depends on genetic analysis, but a small number of patients do not have THRB gene mutations. If RTH 
is highly suspected in the clinic, we can use related functional tests to assist in diagnosis and further sequence other 
related genes. In the patient described in this paper, a missense mutation in the THRB gene was found by genetic 
detection, in addition serological examination and clinical manifestations were consistent with RTH. The diagnosis of 
RTHβ was clear.

The treatment of RTH is mainly aimed at improving symptoms rather than returning the TH levels to normal. In most 
patients, elevated TH is sufficient to compensate for the resistance of the target organs to TH, and the symptoms typically 
resolve without treatment. Patients with hypothyroidism, especially infants, should receive timely supplementation with 
exogenous TH, and levothyroxine is the first-line treatment.32 Patients with hyperthyroidism are treated with β-blockers 
or anti-anxiety drugs according to their main symptoms. For patients with high TSH levels, triiodothyroacetic acid 
(TRIAC), a T3 analog, should be selected to control TSH levels and reduce the incidence of thyroid nodules, thyroid 
cancer, and AITD. TRIAC can inhibit TSH, relieve goiter, reduce the level of TH, and improve the symptoms of 
hyperthyroidism.33,34 Other drugs, such as bromocriptine, octreotide, or glucocorticoids, can also effectively reduce the 
levels of TSH and TH; however, these drugs are associated with serious adverse reactions, and the long-term effects are 
insufficient.1 Antithyroid drugs should be avoided but can be used in small doses when RTH is complicated by Graves’ 
disease. Thyroid surgery or radiotherapy is prohibited to prevent refractory hypothyroidism, pituitary cell proliferation, 
and other consequences. Highly selective TRβ agonists, which can target mutant TRβ, are important for the treatment of 
RTHβ and help to explore the molecular structure of TRβ.35,36 A review of the patient in this paper revealed that he had 
symptoms of hyperthyroidism, such as chest tightness, palpitations, and emotional agitation and that his TSH level was 
normal. Metoprolol (47.5 mg) was given once a day for treatment. The palpitations improved, and there was no other 
obvious discomfort.

Conclusion
The clinical manifestations of RTH are not characteristic; thus, it is easy to misdiagnose and administer inappropriate 
treatment that aggravates the disease. In neonatal RTH screening, the levels of serum TSH and TH should be assessed at 
the same time.37,38 Children with a family history of RTH should be examined comprehensively, especially those with 
mental retardation, deafness, and growth retardation. The possibility of RTH should also be considered for other patients 
whose thyroid function is inconsistent with clinical manifestations. Once RTH is diagnosed, we should immediately 
administer corresponding treatment according to the patient’s symptoms, review thyroid function every three months and 
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thyroid color Doppler ultrasound every six months, and pay close attention to the progression of the disease. In addition, 
attention should be paid to monitoring blood pressure, blood sugar, blood lipids, cardiac function, and renal function. If 
hypertension, diabetes, hyperlipidemia, and other concomitant diseases occur, comprehensive management should be 
conducted to improve patient prognosis.
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