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Objective

Graves’ disease (GD) and autoimmune thyroiditis (AIT) are two major causes of thyrotoxicosis that require correct diagnosis to plan appropriate treatment. The objectives of this study were to evaluate the usefulness of thyroid-related parameters for distinguishing GD from AIT and identify a novel index for differential diagnosis of thyrotoxicosis.



Design

This retrospective study was performed using electronic medical records in Peking University People’s Hospital (Beijing, China).



Methods

In total, 650 patients with GD and 155 patients with AIT from December 2015 to October 2019 were included in cohort 1. Furthermore, 133 patients with GD and 14 patients with AIT from December 2019 to August 2020 were included in cohort 2 for validation of the novel index identified in cohort 1. All patients were of Chinese ethnicity and were newly diagnosed with either GD or AIT. Thyroid-related clinical information was collected before intervention by reviewing the patients’ electronic medical records. Receiver operating characteristic curve analysis was used to identify the optimal cutoff for distinguishing GD from AIT.



Results

In cohort 1, thyroid-stimulating hormone (TSH) receptor antibody was identified as the best indicator for distinguishing GD from AIT. The area under the receiver operating characteristic curve was 0.99(95% confidence interval: 0.98–0.99, p<0.0001)and the optimal cutoff was 0.84 IU/l (98% sensitivity and 99% specificity). The free triiodothyronine (FT3)/TSH ratio (FT3/TSH) was the second –best for distinguishing GD from AIT, the area under the receiver operating characteristic curve of FT3/TSH was 0.86 (95% confidence interval: 0.84–0.88, p<0.0001); its optimal cutoff was 1.99 pmol/mIU (79% sensitivity and 80% specificity). Its effectiveness was confirmed in cohort 2 (81% sensitivity and 100% specificity).



Conclusions

The FT3/TSH ratio is a new useful index for differential diagnosis of thyrotoxicosis, especially when combined with TRAb.
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Introduction

Thyrotoxicosis is a common endocrine syndrome characterized by excess thyroid hormone action at the tissue level and disproportionately high circulating thyroid hormone concentrations. This disorder has two major etiologies: 1. excess thyroid hormone synthesis and secretion by the thyroid gland due to Graves’ disease (GD), toxic multinodular goiter, or toxic adenoma (1–3); and 2. release of thyroid hormones due to destruction of thyroid tissue caused by thyroiditis (e.g., in patients with subacute thyroiditis, Hashimoto’s thyroiditis, painless thyroiditis, or postpartum thyroiditis) (4–6).

GD and autoimmune thyroiditis (AIT; includes Hashimoto’s thyroiditis, painless thyroiditis and postpartum thyroiditis) are two of the most frequent etiologies of thyrotoxicosis. Because some patients with GD lack the typical clinical manifestations (e.g., goiter, ophthalmopathy, and thyroid-stimulating hormone [TSH] receptor antibody [TRAb] positivity) (7, 8), it can be difficult to distinguish GD from AIT. However, this determination is critical because of the considerable differences in treatment regimens. Patients with GD receive either antithyroid drug treatment, radioactive iodine (RAI), or surgery; patients with AIT exhibit self-limiting disease that requires follow-up alone (9).

Although the RAI uptake test is a useful method for distinguishing thyrotoxicosis etiologies, it is inappropriate for patients who are pregnant, lactating or exposed to excess iodine. Thus, other methods have been used for diagnosis of thyrotoxicosis etiology, including the ratio of total triiodothyronine (TT3) to total thyroxine (TT4) (10–13), the TRAb level (14, 15), and the ratio of free triiodothyronine (FT3) to free thyroxine (FT4) (16–19); however, TT3/TT4 and FT3/FT4 ratios remain controversial because of poor replication in larger studies and limited sensitivity/specificity. Moreover, a precise cutoff for the TRAb level has not been established. Accordingly, new and better methods for distinguishing thyrotoxicosis etiologies are necessary in clinical practice, especially in limited-resource settings. In the current study, we evaluated the usefulness of FT3, FT4, and TSH levels, as well as FT3/FT4 and TT3/TT4 ratios, in distinguishing GD from AIT. We also endeavored to identify a novel index for diagnosis of thyrotoxicosis etiology.



Materials and Methods


Study Design and Ethical Approval

This retrospective study used data from hospital electronic medical records. The study was conducted in compliance with the tenets of the Declaration of Helsinki and the study protocol was approved by the Ethics Committee of Peking University People’s Hospital (Beijing, China).



Study Populations


Cohort 1: Evaluation of Thyroid-Related Parameters for Distinguishing GD From AIT

In total, 805 Chinese outpatients with newly diagnosed autoimmune-related thyrotoxicosis were included in this portion of the study: 650 patients with GD and 155 patients with AIT. All patients had visited the Endocrinology and Metabolism Department of People’s Hospital Peking University in Beijing from December 2015 to October 2019. Patients were diagnosed with thyrotoxicosis if they met the following criteria: 1) presence of signs and symptoms of thyrotoxicosis; 2) detection of diffuse thyroid lesions during physical examination or color Doppler ultrasound; 3) presence of low serum TSH levels and elevated serum FT3 and/or FT4 levels; 4) exclusion of other causes of thyrotoxicosis (e.g., pregnancy, toxic multinodular goiter, toxic adenoma, amiodarone-induced thyrotoxicosis, and/or exogenous thyroxine intake); 5) absence of antithyroid drug treatment; 6) absence of fever, elevated erythrocyte sedimentation rate, or any diseases/medications that might influence measurements of thyroid function; 7)regardless of serum TRAb levels.

If patients with thyrotoxicosis had high RAI or technetium-99m (Tc-99m) uptake, or if they required antithyroid drug treatment to maintain normal thyroid hormone levels, they were diagnosed with GD, regardless of the presence or absence of Graves’ ophthalmopathy, pretibial myxedema and/or goiter. If patients with thyrotoxicosis had low RAI or Tc-99m uptake in thyroid scintigraphy, or if they exhibited spontaneous hypothyroidism without any antithyroid drugs treatment, they were diagnosed as AIT. Because high iodine intake could cause low rate of RAI uptake, some patients with GD might have been misdiagnosed with AIT in this condition. To avoid this error, only the patients without intake of food and drugs containing iodine within the prior 2-4 weeks were determined for RAI uptake rate.




Cohort 2: Validation of Novel Index for Distinguishing GD From AIT

In total, 147 patients with newly diagnosed thyrotoxicosis were included in this portion of the study: 133 patients with GD and 14 patients with AIT. All patients had visited the Endocrinology and Metabolism Department of People’s Hospital Peking University in Beijing from December 2019 to August 2020. Data from these patients were used to validate the novel index for distinguishing GD from AIT (identified in cohort 1). The inclusion and exclusion criteria were identical to those in cohort 1.



Clinical and Laboratory Assessments

Pre-intervention thyroid function and autoantibody test results were collected from patients’ electronic medical records in Peking University People’s Hospital. All patients underwent examinations of FT3, FT4, and TSH. Some patients underwent assessments of RAI or Tc-99m uptake; for patients without those assessments, follow-up information was reviewed to determine their definitive diagnosis.

Serum levels of TT3, TT4, FT3, FT4, TSH, TRAb, thyroid peroxidase antibody (TPO-Ab), and thyroglobulin antibody (TgAb) were determined using automated chemiluminescent immunoassays (ADVIA centaur XP; Siemens). The reference ranges provided by the manufacturer used in this study were as follows: TSH, 0.55–4.78 µIU/ml; FT4, 11.45–23.17 pmol/L; FT3, 3.5–6.5 pmol/L; TT4, 41.18–162.16 nmol/L(3.2–12.6 µg/dl); TT3, 0.92–2.77 nmol/L(60–180 ng/dl; Tg–Ab, 0–60 IU/L; and TPO-Ab, 0–60 IU/L. The upper detection limits were as follows: FT4, 154.8 pmol/L; FT3, 30.8 pmol/L; TT4, 386.10 nmol/L(30 μg/dl; TT3, 12.32 nmol/L(800 ng/dl; Tg-Ab, 500 IU/L; and TPO-Ab, 1,300 IU/L; and the lower detection limit for TSH was 0.001 µIU/ml; TRAb levels were measured by electrochemiluminescence immunoassays (Cobas e601; Roche Diagnostics). The lower and upper detection limits for TRAb were 0.3 IU/L and 40 IU/L, respectively.



Statistical Analysis

Continuous variables were presented as means ± standard deviations if the data were normally distributed, or as medians (interquartile range) if the data were not normally distributed. Categorical variables were presented as numbers and percentages. Variables without normal distributions were subjected to natural logarithm transformation to obtain a normal distribution prior to statistical analysis. Student’s t-test or the Mann-Whitney U test were used to compare clinical characteristics between patients with GD and those with AID. Receiver operation characteristic (ROC) curve analysis was performed to identify optimal cutoff values for GD. Sensitivity and specificity values were estimated from ROC curves. All statistical tests were performed using SPSS Statistics version 22.0 for Mac (IBM Corp., Armonk, NY, USA) or MedCalc version 19 (Ostend Belgium). P < 0.05 was considered statistically significant.




Results


Clinical Characteristics of Patients With GD and Those With AIT

As shown in Tables 1 and 2, thyrotoxicosis was more severe in patients with GD than in patients with AIT. This trend was consistent among patients in both cohort 1 and 2. The serum levels of TT3, TT4, FT3, FT4, TPO-Ab, and TRAb were significantly higher in patients with GD than in patients with AIT, while the serum level of TSH was significantly lower in patients with GD than in patients with AIT. Moreover, the ratios of TT3/TT4, FT3/FT4, FT3/TSH, FT4/TSH, TT3/TSH, and TT4/TSH were significantly higher in patients with GD than in patients with AIT.


Table 1 | Clinical characteristics of patients with Graves’ disease and those with autoimmune thyroiditis in Cohort 1.




Table 2 | Clinical characteristics of patients with Graves’ disease and those with autoimmune thyroiditis in Cohort 2.





Evaluation of Thyroid-Related Parameters for Distinguishing GD From AIT Among Patients in Cohort 1

As shown in Table 3, the areas under the ROC curve (AUC) for TSH and TRAb levels, as well as the TT3/TSH, TT4/TSH, FT3/TSH, and FT4/TSH ratios, were all >0.8. The AUC of TRAb was greater than the AUCs of TSH, TT4/TSH, TT3/TSH, FT3/TSH, and FT4/TSH (all p<0.0001). The AUC of FT3/TSH was greater than the AUCs of FT4/TSH, TT4/TSH, and TSH(all p<0.0001); it was also greater than the AUC of TT3/TSH (p=0.015). TRAb (0.99 [0.98–0.99]) and FT3/TSH (0.86 [0.84–0.88]) had the greatest AUCs. The optimal cutoff value of TRAb for GD was 0.84 IU/L (sensitivity and specificity of 98% and 99%, respectively). The optimal cutoff value of FT3/TSH for GD was 1.99 pmol/mIU (sensitivity and specificity of 79% and 80%, respectively). When the specificity of FT3/TSH for GD was set at 90%, the cutoff shifted to 3.6 pmol/mIU; at this cutoff, the sensitivity for GD was reduced to 59.6%.


Table 3 | Receiver operating characteristic curve analysis of thyroid-related parameters for distinguishing Graves’ disease from autoimmune thyroiditis.



Of 650 patients with GD, 15 patients had TRAb levels below the cutoff; 12 of those 15 patients had FT3/TSH ratios above the cutoff, while three of the 15 patients had FT3/TSH ratios below the cutoff. The three patients with low FT3/TSH ratios were diagnosed with GD on the basis of elevated Tc-99m uptake. Of 155 patients with AIT, only three patients had TRAb levels above the cutoff; however, those three patients had FT3/TSH ratios below the cutoff and exhibited reduced Tc-99m uptake.



Validation of FT3/TSH Ratio for Distinguishing GD From AIT Among Patients in Cohort 2

We tested the effectiveness of FT3/TSH for distinguishing GD from AIT among patients in cohort 2. Of 14 patients with AIT, all had FT3/TSH ratios below the cutoff; three of those 14 patients had TRAb levels above the cutoff, but had reduced Tc-99m uptake. Of 133 patients with GD, 25 had FT3/TSH ratio below the cutoff, while their TRAb levels were above the cutoff. Among patients in cohort 2, for the FT3/TSH cutoff of 1.99 pmol/mIU, the sensitivity and specificity for GD were 81.2% and 100%.




Discussion

To the best of our knowledge, this is the first study to report the FT3/TSH ratio as an effective index to distinguish GD from AIT in two independent cohort. The optimal cutoff for the FT3/TSH ratio was 1.99 pmol/mIU (79% sensitivity and 80% specificity). We observed that thyrotoxicosis was more severe in patients with GD than in patients with AIT. Our results indicated that TRAb level was the optimal parameter for distinguishing patients with GD from those with AIT, among all the thyroid-related parameters (excluding RAI and technetium-99m uptake). The optimal TRAb cutoff was 0.84 IU/L, which exhibited the highest sensitivity (98%) and specificity (99%). Because GD and AIT are two of the most frequent thyrotoxicosis etiology in patients with autoimmune thyroid disease, combining TRAb level and FT3/TSH ratio might help to distinguish GD from AIT in clinical settings where RAI and Tc-99m uptake analyses are unavailable or contraindicated, especially among patients without typical clinical manifestations of GD. When inconsistent TRAb and FT3/TSH results are observed at diagnosis, RAI and Tc-99m uptake assessments should be ordered. When these tests are contraindicated, close follow-up is needed.

The stimulating activity of TRAb is the main contributor to GD onset and maintenance by means of TSH-mimicking action, which explains why TRAB level is ideal for differential diagnosis of GD. However, the TRAB cutoff for distinguishing GD from AIT has not been well established. This parameter differs according to the severity of thyrotoxicosis, duration of thyrotoxicosis, size of study sample, type of thyroid disease, and method of TRAb measurement (19–27). In one study that used an assay method similar to ours, based on ROC analysis of patients with newly diagnosed GD, patients without GD (i.e., patients with thyroid-related diseases such as AIT, subacute thyroiditis, thyroid cancer, and non-autoimmune goiter), and normal controls, the optimal TRAb cutoff was 1.75IU/L (99% sensitivity and 99% specificity) (23). In our study with larger numbers of patients who had newly diagnosed GD and AIT, the optimal cutoff was o.84 IU/L; this cutoff is presumably more appropriate for differential diagnosis of thyrotoxicosis etiology in clinical practice because it was established based on the analysis of the two main types of thyrotoxicosis (GD and AIT), instead of a composite group of patients with various non-autoimmune thyroid disease. The inclusion of patients with non-autoimmune thyroid disease might influence the cutoff determination due to differences in pathogenesis among these disease. Indeed, we found that 42 of 650 patients with GD in cohort 1 and 13 of 133 patients with GD in cohort 2 had TRAb levels below 1.75 IU/L. Thus, if GD were diagnosed using a cutoff of 1.75 IU/L, 7% of patients with GD would be missed; proper treatment to these patients would be delayed.

In 1978, a small study showed that the TT3/TT4 ratio could be used to distinguish thyroid destruction-induced thyrotoxicosis from GD. In that study, all patients with GD (n=17) had TT3/TT4 ratios above 20 ng/μg; all patients with subacute thyroiditis (n=7) and most patients with AIT (n=11) had TT3/TT4 ratios below 20 ng/μg (10). Unfortunately, this ratio was not thoroughly evaluated in a larger study, although the American Thyroid Association recommended that it could be used for differential diagnosis of thyrotoxicosis (9). In our study, ROC analysis of the TT3/TT4 ratio showed that its AUC was 0.78(95% confidence interval: 0.75-0.81), which was lower than the AUCs of the TRAb level and FT3/TSH ratio (Table 3). The optimal cutoff was 16.7 ng/μg, but its sensitivity(73%) and specificity(75%) were inadequate for use in clinical practice. When the cutoff was set at 20 ng/μg, the specificity increased to 90%, although the sensitivity decreased to 46%; this ratio thus might provide additional evidence to support the diagnosis of GD, at the expense of sensitivity.

It has been suggested that the limitations of the TT3/TT4 ratio in differential diagnosis of thyrotoxicosis might be related to the thyroxine-binding globin concentration, thyrotoxicosis complications, and low T3 syndrome (13). Thus, the FT3/FT4 ratio has been explored for possible use in the differential diagnosis of thyrotoxicosis; it remains controversial because of inconsistent results among previous studies (12, 16–19). In our study, ROC analysis of the FT3/FT4 ratio showed that its AUC was 0.71, suggesting that this ratio is not a good parameter for distinguishing GD from AIT.

We observed greater TSH suppression severe in patients with GD than in patients with AIT, consistent with previous findings (28). The TSH levels of most patients with GD, but not destructive thyroiditis, are reportedly suppressed below 0.005 mU/l (29). Subclinical GD is present for several months before the development of overt hyperthyroidism. During this period, TRAb is present in serum and the TSH concentration is declining. Thyrotoxicosis may be more rapid in patients with destructive thyroiditis than in patients with GD. Moreover, thyrotroph function recovered earlier after normalization of free thyroid hormone levels in patients with destructive thyroiditis, compared with patients who had GD, which implies a difference in the degree of TSH suppression. Because the TSH level is influenced by thyrotoxicosis severity and duration, TSH is presumably suitable as an indicator for distinguishing GD from AIT. In our study, ROC analysis of TSH showed that its AUC was 0.81, while its sensitivity and specificity were 71% and 75%, respectively. When specificity was set at 90%, the TSH cutoff was 0.0035 mU/l; however, its sensitivity was then reduced to 45%, suggesting that a lower TSH level is more likely to indicate the presence of GD.

Only 20% of circulating T3 is released from the thyroid in euthyroid individuals; this proportion increases to two-thirds in patients with hyperthyroidism (30). Moreover, because TSH suppression is more severe in patients with GD than in patients with AIT, we suspected that the FT3/TSH ratio would be greater in patients with GD than in patients with AIT. This ratio is likely to be a more robust indicator for distinguishing GD from AIT, compared with single parameters (e.g., FT3 or TSH). In our study, the FT3/FT4 ratio was higher in the GD group than in the AIT group. Notably, the AUC of the FT3/FT4 ratio was higher than the AUCs of FT3, FT4, TSH, TT3, and TT4 levels; it was also higher than the AUCs of the TT3/TSH, TT4/TSH, and FT4/TSH ratios. The optimal cutoff was 1.99 pmol/mIU (79% sensitivity and 80% specificity). When the cutoff was set at 3.6 pmol/mIU, the specificity was 90% and sensitivity was 60%. Thus, the FT3/FT4 ratio was the best non-isotope indicator, with the exception of TRAb. Furthermore, we found that the FT3/TSH ratio was especially useful for diagnosis of GD among patients who had TRAb levels within the normal range.

There were some strengths in this study. This large study was designed to investigate potential thyroid-related indicators for differential diagnosis of thyrotoxicosis. On the basis of sensitivity (0.8) or specificity (0.8), α=0.05, and permissible error (0.1), as well as the reported prevalence of GD in patients with thyrotoxicosis (0.8) (31), 234 patients with thyrotoxicosis were needed in this study. Thus, our study had a sufficiently large sample size. Because all patients were newly diagnosed and had not received any intervention measures, potential effects of drugs and comorbidities were minimized, which might have reduced biases associated with confounding characteristics.

There were several limitations in this study. First, this was a single-center retrospective study. Although we identified a new TRAb cutoff for distinguishing GD from AIT, this cutoff requires confirmation in larger, prospective, multicenter studies. Second, other clinical characteristics of patients (e.g., thyroid volume, Graves’ orbitopathy status, and smoking habits) were not assessed, which might affect our results, more detailed clinical information in the future studies were needed to improve our study. Third, cohort 2 included a very small number of patients with AIT. Because most patients in cohort 2 were collected in 2020, the impact of coronavirus disease 2019 presumably led to fewer clinic visits by patients with thyrotoxicosis, especially those with AIT who typically experience mild disease (compared with patients who have GD). Therefore, larger studies are needed to confirm our findings concerning patients with AIT. Finally, it has been reported that iodine intake is adequate among inhabitants of mainland China (32). Because we did not measure urinary iodine, we could not determine the iodine nutritional status among included patients, which might have affected the rate of RAI uptake by the thyroid. Notably, most patients with AIT were diagnosed by Tc-99m thyroid scan and uptake. Only low rates of RAI uptake by the thyroid in patients without oral intake of iodine-containing food and drugs within the previous 2–4 weeks were used for diagnosis of thyrotoxicosis due to AIT. These diagnoses were confirmed by the presence of spontaneous hypothyroidism without antithyroid drug treatment during follow-up visits. Thus, we made considerable efforts to avoid misdiagnosis.

In summary, our findings indicate that the FT3/TSH ratio is a novel and useful index for distinguishing GD from AIT. In combination with the TRAb level, this ratio can help to distinguish patients with GD from those with AIT, without the requirement for Tc-99m or RAI assessments.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethics Committee of Peking University People’s Hospital. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions

ZW, YZ, and XH performed data analysis and wrote the manuscript. LJ and and XH designed the study, contributed to the discussion, and reviewed and edited the manuscript. ZW, YZ, MZ, CW, LZ, WL, WY, SZ, and QR collected the data. All authors approved the final draft. All authors contributed to the article and approved the submitted version.



Acknowledgments

We thank all research staff for their collection of data. We thank all the study participants for their contributions. We also thank the supporting from the Health Commissions of Shanxi province, Guizhou province, and Hebei province for Zhiyong Wu (Xiaoyi People’s Hospital, Shanxi province, China), Min zhang (Shouganghuigang General Hospital, Guizhou province, China), and Chen Wang (Tanshan People’s Hospital, Hebei province, China) as a visiting scholar in Peking University, respectively.



Abbreviations

AIT, autoimmune thyroiditis; GD, Graves’ disease; FT3, free triiodothyronine; FT4, free thyroxine; RAI, radioactive iodine; Tg-Ab, thyroglobulin antibody; TPO-Ab, thyroid peroxidase antibody; TRAb, TSH receptor antibody; TSH, thyroid stimulating hormone; TT3, total triiodothyronine; TT4, total thyroxine.



References

1. Nyström, HF, Jansson, S, and Berg, G. Incidence rate and clinical features of hyperthyroidism in a long-term iodine sufficient area of Sweden (Gothenburg) 2003-2005. Clin Endocrinol (Oxf) (2013) 78:768–76. doi: 10.1111/cen.12060

2. Berghout, A, Wiersinga, WM, Smits, NJ, and Touber, JL. Interrelationships between age, thyroid volume, thyroid nodularity, and thyroid function in patients with sporadic nontoxic goiter. Am J Med (1990) 89:602–8. doi: 10.1016/0002-9343(90)90178-G

3. Gozu, HI, Lublinghoff, J, Bircan, R, and Paschke, R. Genetics and phenomics of inherited and sporadic non-autoimmune hyperthyroidism. Mol Cell Endocrinol (2010) 322:125–34. doi: 10.1016/j.mce.2010.02.001

4. Fatourechi, V, Aniszewski, JP, Fatourechi, GZE, Atkinson, EJ, and Jacobsen, SJ. Clinical features and outcome of subacute thyroiditis in an incidence cohort: Olmsted County, Minnesota, study. J Clin Endocrinol Metab (2003) 88:2100–5. doi: 10.1210/jc.2002-021799

5. Schwartz, F, Bergmann, N, Zerahn, B, and Faber, J. Incidence rate of symptomatic painless thyroiditis presenting with thyrotoxicosis in Denmark as evaluated by consecutive thyroid scintigraphies. Scand J Lab Invest (2013) 73:240–4. doi: 10.3109/00365513.2013.769623

6. Nikolai, TF, Brosseau, J, Kettrick, MA, Roberts, R, and Beltaos, E. Lymphocytic thyroiditis with spontaneously resolving hyperthyroidism (silent thyroiditis). Arch Intern Med (1980) 140:478–82. doi: 10.1001/archinte.140.4.478

7. Bartalena, L, and Fatourechi, V. Extrathyroidal manifestations of Graves’ disease: a 2014 update. J Endocrinol Invest (2014) 37:691–700. doi: 10.1007/s40618-014-0097-2

8. McKee, A, and Peyerl, F. TSI assay utilization: impact on costs of Graves’ hyperthyroidism diagnosis. Am J Manag Care (2012) 18(1):e1–14.


9. Greenlee, MC, Laurberg, P, Maia, AL, Rivkees, SA, Samuels, M, Sosa, JA, et al. 2016 American Thyroid Association Guidelines for Diagnosis and Management of Hyperthyroidism and Other Causes of Thyrotoxicosis. Thyroid (2016) 26:1343–421. doi: 10.1089/thy.2016.0229

10. Amino, N, Yabu, Y, Miyai, K, Fujie, T, Azukizawa, M, Onishi, T, et al. Differentiation of thyrotoxicosis induced by thyroid destruction from Graves’ disease. Lancet (1978) 2:344–6. doi: 10.1016/S0140-6736(78)92943-4

11. Carlé, A, Knudsen, N, Pedersen, IB, Perrild, H, Ovesen, L, Rasmussen, LB, et al. Determinants of serum T4 and T3 at the time of diagnosis in nosological types of thyrotoxicosis: a population-based study. Eur J Endocrinol (2013) 169:537–45. doi: 10.1530/EJE-13-0533

12. Shigemasa, C, Abe, K, Taniguchi, S, Mitani, Y, Ueda, Y, Adachi, T, et al. Lower serum free thyroxine (T4) levels in painless thyroiditis compared with Graves’ disease despite similar serum total T4 levels. J Clin Endocrinol Metab (1987) 65:359–63. doi: 10.1210/jcem-65-2-359

13. Amino, N, Yabu, Y, Miki, T, Morimoto, S, Kumahara, Y, Mori, H, et al. Serum ratio of triiodothyronine to thyroxine, and thyroxine-binding globulin and calcitonin concentrations in Graves’ disease and destruction-induced thyrotoxicosis. J Clin Endocrinol Metab (1981) 53:113–6. doi: 10.1210/jcem-53-1-113

14. Kahaly, GJ. Bioassays for TSH receptor antibodies: an update. Eur Thyroid J (2015) 4:3–5. doi: 10.1159/000375445

15. Tozzoli, R, Bagnasco, M, Giavarina, D, and Bizzaro, N. TSH receptor autoantibody immunoassay in patients with Graves’ disease: improvement of diagnostic accuracy over different generations of methods. System Rev Meta Anal Autoimmun Rev (2012) 12:107–13. doi: 10.1016/j.autrev.2012.07.003

16. Chutintorn, S, and Bhasipol, A. Differentiating Graves’ disease from subacute thyroiditis using ratio of serum free triiodothyronine to free thyroxine. Ann Med Surg (Lond) (2016) 10:69–72. doi: 10.1016/j.amsu.2016.07.024

17. Chen, X, Zhou, Y, Zhou, M, Yin, Q, and Wang, S. Diagnostic values of free triiodothyronine and free thyroxine and the ratio of free triiodothyronine to free thyroxine in thyrotoxicosis. Int J Endocrinol (2018) 2018:4836736. doi: 10.1155/2018/4836736

18. Noh, JY, Momotani, N, Fukada, S, Ito, K, Miyauchi, A, and Amino, N. Ratio of serum free triiodothyronine to free thyroxine in Graves’ hyperthyroidism and thyrotoxicosis caused by painless thyroiditis. Endocr J (2005) 52:537–42. doi: 10.1507/endocrj.52.537

19. Izumi, Y, Hidaka, Y, Tada, H, Takano, T, Kashiwai, T, Tatsumi, K-i, et al. Simple and practical parameters for differentiation between destruction-induced thyrotoxicosis and Graves’ thyrotoxicosis. Clin Endocrinol (Oxf) (2002) 57:51–8. doi: 10.1046/j.1365-2265.2002.01558.x

20. Smith, BR, Bolton, J, Young, S, Collyer, A, Weeden, A, Bradbury, J, et al. A new assay for thyrotropin receptor autoantibodies. Thyroid (2004) 14:830–5. doi: 10.1089/1050725042451248

21. Liu, C, Hermsen, D, Domberg, J, Graeber, C, Hautzel, H, Duan, Y, et al. Comparison of M22-based ELISA and human-TSH-receptor-based luminescence assay for the measurement of thyrotropin receptor antibodies in patients with thyroid diseases. Horm Metab Res (2008) 40:479–83. doi: 10.1055/s-2008-1077051

22. Massart, C, Sapin, R, Gibassier, J, Agin, A, and 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) 55:183–6. doi: 10.1373/clinchem.2008.115162

23. Noh, JY, Miyazaki, N, Ito, K, Takeda, K, Hiramatsu, S, Morita, S, et al. Evaluation of a new rapid and fully automated electrochemiluminescence immunoassay for thyrotropin Receptor autoantibodies. Thyroid (2008) 18:1157–64. doi: 10.1089/thy.2008.0119

24. Schott, M, Hermsen, D, Broecker-Preuss, M, Casati, M, Camara Mas, J, Eckstein, A, et al. Clinical value of the first automated TSH receptor autoantibody assay for the diagnosis of Graves’ disease (GD): an international multicentre trial. Clin Endocrinol (Oxf) (2009) 71:566–73. doi: 10.1111/j.1365-2265.2008.03512.x

25. Syme, NR, Toft, AD, Stoddart, M, and Beckett, GJ. Clinical performance of the Roche cobas e411 automated assay system for thyrotropin-receptor antibodies for the diagnosis of Graves’ disease. Ann Clin Biochem (2011) 48(Pt 5):471–3. doi: 10.1258/acb.2011.011013

26. Tozzoli, R, Kodermaz, G, Villalta, D, Bagnasco, M, Pesce, G, and Bizzaro, N. Accuracy of receptor-based methods for detection of thyrotropin-receptor autoantibodies: a new automated third-generation immunoassay shows higher analytical and clinical sensitivity for the differential diagnosis of hyperthyroidism. Auto Immun Highlights (2010) 1:95–100. doi: 10.1007/s13317-010-0014-4

27. Hermsen, D, Broecker-Preuss, M, Casati, M, Mas, JC, Eckstein, A, Gassner, D, et al. Technical evaluation of the first fully automated assay for the detection of TSH receptor autoantibodies. Clin Chim Acta (2009) 401:84–9. doi: 10.1016/j.cca.2008.11.025

28. Yanagisawa, T, Sato, K, Kato, Y, Shimizu, S, and Takano, K. Rapid differential diagnosis of Graves’ disease and painless thyroiditis using total T3/T4 ratio, TSH, and total alkaline phosphatase activity. Endocr J (2005) 52:29–36. doi: 10.1507/endocrj.52.29

29. Kasagi, K, Kousaka, T, Misaki, T, Iwata, M, Alam, MS, and Konishi, J. Comparison of serum thyrotrophin concentrations determined by a third generation assay in patients with various types of overt and subclinical thyrotoxicosis. Clin Endocrinol (Oxf) (1999) 50:185–9. doi: 10.1046/j.1365-2265.1999.00632.x

30. Laurberg, P, Vestergaard, H, Nielsen, S, Christensen, SE, Seefeldt, T, Helleberg, K, et al. Sources of circulating 3,5,3’-triiodothyronine in hyperthyroidism estimated after blocking of type 1 and type 2 iodothyronine deiodinases. J Clin Endocrinol Metab (2007) 92:2149–56. doi: 10.1210/jc.2007-0178

31. Devereaux, D, and Tewelde, SZ. Hyperthyroidism and Thyrotoxicosis. Emerg Med Clin N Am (2014) 32:277–92. doi: 10.1016/j.emc.2013.12.001

32. Yongze, L, Teng, D, Ba, J, Chen, B, Du, J, He, L, et al. Efficacy and Safety of Long-Term Universal Salt Iodization on Thyroid Disorders: Epidemiological Evidence from 31 Provinces of Mainland China. Thyroid (2020) 30:568–79. doi: 10.1089/thy.2019.0067



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Wu, Zhu, Zhang, Wang, Zhou, Liu, Yang, Li, Zhang, Ren, Han and Ji. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/table3.jpg
Parameters

T4 (/)

7S (/)

FT4 pmoin)

FT3 pmoin)

TSH (uuim)
TT/TTA (o)
FIaFTa

TT4/TSH (og/ll)
TT/TSH (og/ult)
FT4/TSH fpmolimiL)
FTQ/TSH'a pmolmiy)
TRAD' (UL)
TPO-AD (Um)

AUCs95% CI

069066072
078074-081)
074070077
078075082
081070084
078075081
071(067-074)
082/0.79-085)
085083088
083081096
086/(084-088)
099/098-099)
063(050-066)

»

<0001
<0001
<0001
<0000t
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001

Cutoft

1510
26505
29
1305
0008
1671
039
212
040
59
199
o0
4520

Sensitvity

086
069
050
orz
o7t
oz
085
075
076
o076
079
098
o7

Speciticty

o068
080
08
o078
075
o075
o7
o7
081
075
080
0%
051

‘o0 undorracover operating ot cuvo AU compared it hoso of TSH, TTA/TSH, TTS/TSH, FTS/TSH,and FTA/TSH, P<0.0001; “AUC comparad with 10so o FTATSH,

TT4TSH, and TSH, P00

 AUG compard i 1050 of TT/TSH, P0.015.

TAAD, TSH rocoptor antiody; TT3,tota rodothyronino; T4, tta e FT3, 100 1sodbthyonie; FT3, 00 thyowine; TSH, thyroksstmukting hormone: TPOAD, thyoi
i oo O soiiis R





OEBPS/Images/fendo.2020.620407_cover.jpg
, frontlers
n Endocrinology

Serum Ratio of Free Triiodothyronine
to Thyroid-Stimulating Hormone:
A Novel Index for Distinguishing
Graves’ Disease From Autoimmune
Thyroiditis





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Serum Ratio of Free Triiodothyronine to Thyroid-Stimulating Hormone: A Novel Index for Distinguishing Graves’ Disease From Autoimmune Thyroiditis

      

        		

          Objective

        



        		

          Design

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Design and Ethical Approval

          



          		

            Study Populations

          

            		

              Cohort 1: Evaluation of Thyroid-Related Parameters for Distinguishing GD From AIT

            



          



          



          		

            Cohort 2: Validation of Novel Index for Distinguishing GD From AIT

          



          		

            Clinical and Laboratory Assessments

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Clinical Characteristics of Patients With GD and Those With AIT

          



          		

            Evaluation of Thyroid-Related Parameters for Distinguishing GD From AIT Among Patients in Cohort 1

          



          		

            Validation of FT3/TSH Ratio for Distinguishing GD From AIT Among Patients in Cohort 2

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
tems.

Age (yrs)

Sex (Female, %)

FT3 (pmol/L)

FT4 (ool
FrorFTa

TT3 (ng/dl )

TT4 (ug/dl)

TTSTSH (/i)
TTITSH (g/ul)
TT3/TT4 (ng/ug)
TSH (ulU/mi)
FYTSH (pmol/mit)
FTA/TSH (pmolmiu)
To-Ab (U/m)
TP0-A (/)
TRAD (IU/L)

GD (n= 650)

ars1s
517 19.5%)
1852 (12:31,2934)
47.91 (285,600
0372011
341,10 24067, 476.48)
17.80(13.90,2270)
084 (0.42,178)
4263 23.02,8191)
20132505
0004 0.002.0.007
4.49221,885)
1208 6220,25.77)
142.30 (4475, 316.05)
54390 (53.90, 1200.00)
748367, 1635)

AT (n= 155)

30213
115.74.2%
985763, 12.72)
32202694, 41.76)
0332011
206,88 (163,09, 256.05)
14.10 (1160, 17.05)
020009, 037
14.56 (602, 24.58)
16001 6,10
0011 (0007,0021)
093046, 180
310139, 590
196,10 (56075, 306.425)
4,10 (28.00, 1300.00)
030(030,031)

3

0100
017
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
0193
<0001
<0001

GO, Gaves' soase: AT, autowmmune thyroksts; TRAD, TSH recopor antbocy; TTS,tta odotyronie; T4, (ot thyrosin: T3, oo iodothonie: FT, oe hyrovine TSH,

skl sl Acine: TRO-AL Bencll oecedisss athock: ToAb. Wasoatiduts acibodk:





OEBPS/Images/table2.jpg
tems.

Age (rs)

Sex (Femalo, %)

FT3 (pmolL)

FT4 (pmol)
FTa/FTa

T3 (ngfc)

TT4 fuglc)

TTITSH (ug/ult)
TT4/TSH (ug/ol)
TTTT4 (ng/ug)
TSH (ulUjm)
FT3/TSH (pmol/miU)
FT4/TSH (pmolmiU)
Tg-Ab (U/m)
TPO-Ab (1U/mi)
TRAD (U/L)

GD (n = 103

39731 1361
104 (78.2%)
2081 (13.41,3080)
5290 (3036, 7599)
0352009
36327 (26092, 485.18)
1930 (14.65,24.30)
068043, 131
96,63 24.57. 61,00,
1067 2445
0,005 (0003, 0.007)
406 262,708
10.90(7.02,24.75)
157,65 (47,55, 318.85)
1300 (102:88, 1300)
749345, 16.79)

AT =14

380721160
12(85.7%)

906 .44, 12.14)
2032 25.56,38.59)
0302005
204,42 (158,30, 259.70)
1320 (1130, 16.05)
0.13(004,026)
781 284, 1666)
15341250
0016 (0083, 0420)
069018, 122)
207061, 457
109,70 (18.18, 159.05)
31.05,2800, 1300)
031030,073)

GO, Gaves' soasa; AT, autoimmun kst TR, TSH recoptor antbocy; TTS,total octyronie; T4, ttal thyrosn: T3, e tiodothyronne: FT, oe thyroxine TSH,

Pkt slinaia Niaonss TROAL Deiall saodisss dathacke oAb Feioobibuls aaibodk:





