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Background

This study aims to investigate the role of free triiodothyronine (fT3) in predicting poor prognosis of adult patients with acute myocarditis.



Methods

A total of 173 consecutive adult patients with acute myocarditis completed thyroid function evaluations. They were divided into two groups according to fT3 levels: low fT3 group (n = 54, fT3 < 3.54 pmol/liter) and normal fT3 group (n = 119, fT3 ≥ 3.54 pmol/liter). The primary endpoint was major adverse cardiac events (MACE).



Results

During the 3.5 ± 2.8 years follow-up, the rate of MACE was 29.6% versus 3.5% in low fT3 group versus normal fT3 group, respectively (P < 0.0001). Long-term at 8 years MACE-free survival were lower in low fT3 group versus normal fT3 group (52.9% versus 92.3%, log-rank P < 0.0001), respectively. Univariate Cox analysis showed that left ventricular ejection fraction (LVEF) < 50% [hazard ratio (HR) 10.231, 95% confidence interval (CI): 3.418–30.624, P < 0.0001) and low fT3 level (HR 0.360, 95% CI: 0.223–0.582, P < 0.0001) were strongest two predictors of MACE. After adjustment for traditional risk predictors, the prognostic value of fT3 status was still significant (HR 0.540, 95% CI: 0.316–0.922, P = 0.024). Compared with normal fT3 group, those in low fT3 group were at a much higher risk of MACE (HR 5.074, 95% CI: 1.518–16.964, P = 0.008).



Conclusions

Low T3 syndrome was a strong predictor of poor prognosis in adult patients with acute myocarditis. These findings suggest that fT3 level could serve as a biomarker for risk stratification in acute myocarditis patients.
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Introduction

The cardiovascular system is a major target on which thyroid hormone act. The heart relies mainly on the biologically active hormone triiodothyronine (T3) (1). Clinical and experimental evidence has shown that T3 plays an important role in maintaining cardiovascular homeostasis and low T3 status can adversely influence cardiovascular outcomes (2, 3). A combination of low serum T3 level and thyroid-stimulating hormone (TSH) within normal range or slightly decreased is called low T3 syndrome, which has been reported in most critically ill patients (4). Accumulating evidence suggests that low T3 status was a strong predictor of death in cardiac patients (5, 6).

Acute myocarditis is an inflammatory disease of myocardium with variable clinical presentations and prognosis according to distinct etiology (7, 8). Cohort studies showed that patients presenting with complicated myocarditis might progress quickly and suffered a greater death risk than those with uncomplicated myocarditis (9, 10). Therefore, it is crucial to identify high risk patients early to provide active treatment and improve patient prognosis. Although endomyocardial biopsy (EMB) remains to be the diagnostic gold standard and outcome predictor for myocarditis, it is not used routinely.

Previous studies indicated that prolonged QRS or QTc interval and decreased LVEF were established predictors associated with poor prognosis in patients with myocarditis (11–13). However, there are limited data focused on the thyroid hormone levels and the prognosis of patients with acute myocarditis. As a biomarker of adverse outcome in cardiac patients, low T3 syndrome might be a promising predictor for risk stratification of acute myocarditis.

Based on the aforementioned information, we hypothesized that low T3 syndrome could serve as an independent predictor of poor prognosis in patients with acute myocarditis. We tested the hypothesis with complete information of thyroid profile from a cohort of 173 patients with acute myocarditis.



Methods


Ethics Statement

The study was in accordance with the ethical guidelines of the Declaration of Helsinki and China’s regulations and guidelines on good clinical practice and was approved by the ethics committees of Fuwai Hospital.



Study Population and Participants

All patients in this study were evaluated at Fuwai Hospital (National Center of Cardiovascular Diseases, Beijing, China). 203 patients (age ≥13 years) were diagnosed acute myocarditis between September 2009 to February 2019. Clinical information was collected, including medical history, vital signs, laboratory tests and treatments. All patients had no history of thyroid diseases. 10 Patients without available thyroid hormone tests were excluded from the analysis. 5 patients were also excluded from the study because of overt primary hypothyroidism (thyroid-stimulating hormone [TSH] level >18μIU/mL and free T4 [fT4]<11.57 pmol/liter) in 1 patient and hyperthyroidism (free T3 [fT3]>6.47 pmol/liter or fT4>22.88 pmol/liter, with TSH levels <0.02μIU/mL) in 4 patients by thyroid hormone evaluation after admission. 15 Patients who had been treated before admission with drugs that might affect thyroid function, including amiodarone, corticosteroids or antithyroid drugs, were excluded. No patients were on therapy with other drugs that might interfere with TSH and/or thyroid hormone levels, including thyroxine and liothyronine. All patients had no history of hypothalamic-pituitary disorder, autoimmune disease, sarcoidosis, and amyloidosis. The diagnosis of acute myocarditis was based on the European Society of Cardiology expert consensus on diagnosis and management of myocarditis (8): 1) Clinical presentation (new onset within 3 months): acute chest pain, dyspnea, fatigue, palpitation, syncope, heart failure signs and/or aborted sudden cardiac death, unexplained cardiogenic shock; 2) electrocardiography (ECG)/Holter/stress test features; 3) Myocardium injured markers: elevated troponin I/T; 4) Functional and structural abnormalities on echocardiography; 5) Edema and/or late gadolinium enhancement on cardiovascular magnetic resonance imaging, and in the absence of coronary stenosis ≥50%, valvular heart disease, hypertensive heart disease or cardiomyopathy. Thus, 173 patients were retrospectively included in the analysis. According to fT3 levels, patients were divided into two subgroups: low fT3 group (n = 54), patients with fT3 level below the lower limit of the reference interval (fT3<3.54 pmol/liter), and normal fT3 group (n = 119), patients with normal fT3 (≥3.54 pmol/liter). The flow chart of patient enrollment is shown in Figure 1.




Figure 1 | The flow chart of the enrollment of 173 adult patients with acute myocarditis from the overall population with acute myocarditis. 15 patients who had been treated before admission with drugs that might affect thyroid function were excluded.



During hospitalization, all patients were managed according to the recommended treatment for myocarditis (8). Stable patients with injured left ventricular function received evidence-based heart failure treatment. Patients with severe or cardiogenic shock were treated inotropes and mechanic circulatory support (MCS). MCS consisted of an intra-aortic balloon pump (IABP) alone or in combination with venous-arterial extracorporeal membrane oxygenation (va-ECMO).



Thyroid Function Tests

The thyroid function measurement was evaluated in all patients from 2 to 5 days after the admission. Twelve-hour fasting blood samples were drawn and serum fT3, fT4, TT3, TT4 and TSH were measured by using radioimmunoassay (Immulite 2000; Siemens, Germany) in the Nuclear Medicine Department of Fuwai Hospital. The reference ranges for our laboratory are as follows: total T3 (TT3) 0.92 to 2.79nmol/liter, total T4 (TT4) 57.92 to 140.28nmol/liter, fT3 3.54 to 6.47 pmol/liter, fT4 11.57 to 22.88 pmol/liter, and TSH 0.55 to 4.78μIU/mL. Low T3 syndrome was defined as a combination of low serum T3 and slightly low to normal serum TSH concentration.



Follow-Up and Endpoints

Follow-up data were obtained from one of the following three sources: interviewing the patient by phone with trained doctor, reviewing patient’s hospital records, examining the patient in the outpatient of our hospital. Major adverse cardiac events (MACE) were defined as:1) all-cause death; 2) heart transplantation; 3) heart failure decompensation requiring hospitalization; 4) documented sustained ventricular arrhythmia (>30s).



Statistical Analysis

Continuous variables are reported as mean ± SD. Comparison between groups were performed for continuous variables using Student’s t test and for categorical variables using χ2 test. Univariate Cox proportional hazards analysis was used to determine which variable might have predicted MACE. To adjust for other risk factors, multivariate Cox analysis was performed with all the variable found to be significant at the univariate analysis as well as traditional risk predictors (age, QRS duration>120ms, QTc interval>440ms and LVEF<50%) entering in a single step. Survival curves of patients grouped by fT3 levels, estimating 30-day and long-term MACE, were calculated by the Kaplan-Meier method and compared with the log-rank test, respectively. The receiver operating characteristic (ROC) curve analysis and the area under the ROC curve (AUC) were used to quantify the ability of the selected risk factors for predicting MACE, where a value of 1.0 represents perfect ability and a value of 0.5 indicates no ability. All tests were 2-sided, and P < 0.05 was considered statistically significant. Analyses were performed with SPSS statistics software version 17.0 and the Kaplan-Meier curve were made with GraphPad Prism software version 5.




Results


Patients Population and Clinical Presentation

The baseline clinical characteristics of the study population are shown in Table 1. Patients were relatively young (mean age 30 years) and 72% were male. There were 54 patients (31% of total population) in low fT3 group and 119 patients in normal fT3 group. The proportion of female patients was larger (44.4% versus 21%, P = 0.002), while dyspnea (64.8% versus 28.6%, P < 0.0001) and syncope (16.7% versus 4.2%, P = 0.012) was more frequent in low fT3 group than in normal fT3 group. The proportion of patients with hypertension was higher in low fT3 group, while no significant differences were found regarding diabetes and dyslipidemia. Significantly lower systolic blood pressure (101.9 ± 12.3 versus 114.5 ± 15.1mmHg, P < 0.0001), higher heart rate (91.4 ± 19.5 versus 79.4 ± 16.2 beats/minute, P < 0.0001), prolonged QTc interval (463.7 ± 45.2 versus 431.7 ± 43.1ms, P < 0.0001), higher percentage of sustained ventricular arrythmias (18.5% versus 0, P < 0.0001) as well as complete atrioventricular block (22.2% versus 6.7%, P = 0.003) were presented in low fT3 group than in normal fT3 group. Increased inflammatory biomarker such as C response protein (CRP) was more prevalent (85.2% versus 59.8%, P = 0.001) in low fT3 group. LVEF was significantly lower (46.5 ± 13.0% versus 58.9 ± 11.2%, P < 0.0001) in low fT3 group than in normal fT3 group. In terms of management, patients in low fT3 group needed more invasive life support treatments (18.5% versus 1.7%, P < 0.0001).


Table 1 | Clinical Characteristics of 173 Patients with Acute Myocarditis.





Thyroid Function Tests

The serum concentrations of TSH and thyroid hormones are summarized in Table 1. fT3 and TT3 mediumly correlated (r=0.751; P < 0.0001) and all results acquired with fT3 were confirmed by TT3 values (<1.28nmol/liter for low fT3 group and ≥1.28nmol/liter for normal fT3 group, respectively). fT3 tended to be mildly but significantly decreased with age (r=-0.357; P < 0.0001).



Low T3 Level and MACE

After a median follow-up of 3.5 ± 2.8 years, cumulative deaths were 9 in low fT3 group and 0 in normal fT3 group (16.7% versus 0, P < 0.0001). Cumulative MACE was 16 (9 deaths, 1 heart transplantation, 2 sustained ventricular arrhythmias and 4 re-hospitalizations for heart failure) in low fT3 group and 4 (0 death, 0 heart transplantation, 4 re-hospitalizations for heart failure) in normal fT3 group (29.6% versus 3.5%, P < 0.0001). The results of univariate Cox analysis for cumulative MACE endpoint are shown in Table2. In thyroid profiles, fT3 showed a significant predictive value (hazard ratio 0.360, 95% CI 0.223–0.582, P < 0.0001). LVEF<50% (hazard ratio 10.231, 95% CI 3.418–30.624, P < 0.0001) was another strong predictor of MACE, followed by WBC at admission and age. In model 1 by multivariate analysis, LVEF<50% (hazard ratio 5.184, 95% CI 1.536–17.489, P = 0.008) was the strongest predictor of MACE, followed by fT3 (hazard ratio 0.540, 95% CI 0.316–0.922, P = 0.024) as a continuous variable. When in model 2, as a categorical variable, fT3 (hazard ratio 5.074, 95% CI 1.518–16.964, P = 0.008) was the most important independent predictor of MACE (Table 2). Therefore, even after adjustment for traditional risk predictors including LVEF<50%, QRS>120ms and QTc>440ms, low fT3 was a strong independent predictor for MACE in patients with acute myocarditis.


Table 2 | Univariate and Multivariate Cox Analysis for MACE.



Long-term and 30-day Kaplan-Meier curves of MACE-free survival in patients with acute myocarditis are shown panel A and B in Figure 2, respectively. Difference in MACE-free survival was especially evident in the first month and the survival rate was lower in low fT3 group than normal fT3 group (78.1% versus 100%, log-rank P < 0.0001). In the long-term follow-up at 8 years, the MACE-free survival was obviously lower in low fT3 group than normal fT3 group (52.9% versus 92.3%, log-rank P < 0.0001). Moreover, a positive correlation was observed between fT3 levels and survival time of the patients who had MACE (Figure 3).




Figure 2 | Long-term (A) and 30-day (B) MACE-free survival in low fT3 group versus normal fT3 group in patients with acute myocarditis. Patients with low fT3 syndrome had more MACE in 30 days as well as in the long-term. MACE included deaths, heart transplantations, re-hospitalization for heart failure and sustained ventricular arrhythmias (>30s).






Figure 3 | Scatter figure showed a linear correlation between fT3 concentrations and time of survival (days, logarithmic scale) in all patients who had MACE (n = 20). MACE, major adverse cardiac events; fT3, free triiodothyronine.



The MACE-free survival probability curves of patients with acute myocarditis and combination of low fT3 status and LVEF are shown in Figure 4. Patients with LVEF≥50% and fT3≥3.54 pmol/liter have a significantly better prognosis compared to those with LVEF≥50% and fT3<3.54 pmol/liter (log-rank P = 0.003). Patients with LVEF <50% have worse outcome compared to those with LVEF≥50%, with or without fT3≥3.54 pmol/liter (log-rank P < 0.0001 and P = 0.031, respectively). Patients with LVEF <50% and fT3<3.54 pmol/liter have the worst outcome than those with fT3≥3.54 pmol/liter (log-rank P < 0.0001 and P = 0.04, respectively).




Figure 4 | The MACE-free survival probability curve of patients with acute myocarditis and combination of low fT3 status and LVEF are displayed. Patients with LVEF ≥50% and fT3 ≥3.54pmol/liter have a significantly better prognosis compared to those with LVEF ≥50% and fT3 <3.54pmol/liter. Patients with LVEF <50% have worse outcome compared to those with LVEF ≥50%. Patients with LVEF <50% and fT3<3.54pmol/liter have the worst outcome than those with normal fT3 status. MACE, major adverse cardiac events; fT3, free triiodothyronine; LVEF, left ventricular ventricle ejection fraction.





ROC Curve Analysis and Predictive Value for MACE

To evaluate the predictive value of fT3 and to compare with the traditional MACE predictor LVEF, ROC curves for LVEF and fT3 were both constructed. The sensitivity and specificity of fT3 in predicting long-term MACE in patients with acute myocarditis were 80.00% and 74.15%, respectively (AUC=0.779, optimal cut-off value: 3.565 pmol/liter). The sensitivity and specificity of LVEF to predict MACE were 75% and 87.07%, respectively (AUC=0.840, optimal cut-off value: 41%) (Figure 5).




Figure 5 | Receiver operating characteristic (ROC) curve of the ability of LVEF and fT3 to predict MACE in patients with acute myocarditis. The area under curve (AUC) for LVEF was 0.840. The sensitivity and specificity were 75.00% and 87.07%, respectively. The AUC for fT3 was 0.779, with 80.00% sensitivity and 74.15% specificity. MACE, major adverse cardiac events; fT3, free triiodothyronine; LVEF, left ventricular ventricle ejection fraction.






Discussion

The present study identified fT3 as a significant independent predictor of adverse cardiac outcomes in a cohort of patients with acute myocarditis. Between the two groups, fT3<3.54 pmol/liter status was not only associated with unstable hemodynamic conditions with higher rate of ventricular arrhythmias and worse cardiac function, but also significantly related with a higher rate of MACE including death, heart transplantation, sustained ventricular arrythmia and decompensated heart failure. In multivariate Cox survival analysis, after adjusted for other established risk factors, low fT3 level was significantly associated with cumulative MACE endpoint. In the present cohort, low fT3 was an independent predictor for adverse cardiac events and provided more information for evaluating the long-term prognosis of acute myocarditis. Although low T3 syndrome is well-known in predicting poor prognosis in severe illnesses, this is the first clinical study with a long-term follow-up assessing the prognostic value of thyroid hormone levels in patients with acute myocarditis.

Low serum T3 concentrations are common findings in many patients with severe acute or chronic illnesses including cardiovascular diseases (14). In the past, low T3 syndrome was considered as a useful adaptation of the body to save energy during illness (15). However, accumulating evidence showed that the scale of the decrease in concentrations of thyroid hormone generally represented the severity of the disease, and low T3 level was proved to be a strong predictor of adverse outcomes in patients with cardiac disease (16–18). Iervasi et al (5). reported that low T3 syndrome was a strong independent predictor of poor prognosis in 573 patients with various cardiac diseases including myocarditis (8%). Our previous study (19) showed that thyroid hormone status correlated with cardiac function in patients with dilated cardiomyopathy. Furthermore, we also revealed that fT3 could also serve as a valuable independent predictor of mortality and cardiac transplantation in patients with hypertrophic obstructive cardiomyopathy in another study (20). A meta-analysis including 41 studies (21) showed that the low T3 syndrome was the most prevalent in patients with heart failure, followed by acute myocardial infarction, and was also associated with increased all-cause mortality, cardiac mortality and MACE. Accumulating evidence showed that low T3 status predicted poor prognosis in patients with heart failure and acute myocardial infarction (6, 17, 18, 22).

The mechanisms of low T3 syndrome in acute illness, such as acute myocarditis, include several aspects. Firstly, severe illness results in a downregulation of the hypothalamic-pituitary-thyroid (HPT) axis both at the hypothalamic and pituitary levels, which leads to a decline in serum thyroid hormone concentrations. In autopsy samples of patients with low T3 syndrome, the gene expression of thyrotropin-releasing hormone (TRH) in the hypothalamic paraventricular nucleus decreased, while TRH mRNA expression showed a positive correlation with antemortem serum T3 (23). Secondly, local thyroid metabolism changed in liver and muscle contribute to the low T3 and high reverse T3 (rT3) level. Evidence showed that critical illness induced specific changes in enzymes related to thyroid hormone metabolism such as deiodinases type 1 (D1),2 (D2) and 3 (D3), thyroid hormone transporters, and thyroid hormone receptors (TRα and TRβ) (4, 14). Animal models of acute inflammation induced by lipopolysaccharide showed an upregulation of D2 mRNA expression in tanycytes in the hypothalamus (24), followed by an increase in local conversion of T4 to biologically active T3, then leading to a decrease in TRH mRNA expression in central nucleus (25). Post-mortem tissue of patients died in ICU showed down-regulated D1 and D3 activity in liver and induced D3 in skeletal muscle (26, 27). The ensemble of these changes in deiodinase activities leads to increased inactivation of T4 into rT3 by D3 and decreased activation of T4 into T3 by D1. Severe myocarditis results in injury of myocardium and impairment of cardiac function, which might lead to heart failure and dysfunction of organs, Thirdly, low T3 syndrome was part of the acute phase response to proinflammatory cytokines. Various cytokines including tumor necrosis factor α (TNFα), interleukin-1(IL-1) and interleukin-6 (IL-6) could affect the expression of many proteins connected with thyroid hormone metabolism (14, 24, 28). Previous study showed interferon-α administration in healthy men induced a decrease in serum T3, possibly mediated in part by an increase in IL-6 (29). Solid evidence supports that the mechanism of acute myocarditis is inflammation induced autoimmune injury (8). However, in the present cohort, levels of proinflammatory cytokines were lacking, so further study exploring the exact mechanisms of thyroid dysfunction in acute myocarditis is warranted. Interestingly, low T3 level induced by increased D3 activity locally in granulocyte could optimize bacterial killing capacity (30). Fourthly, loss of appetite and nutritional intake might contribute to the development of low T3 syndrome, which is a favorable adaptation during acute illness. Additionally, in the present study, there were 11.1% and 18.5% of the patients in low T3 group being supported by intubated ventilator and MCS, respectively. These patients were provided totally or partly by parenteral nutrition with decreased caloric intake, which might be an important explanation for low T3 status.

Whether to treat patients with low T3 syndrome remains to be controversial, though some animal and clinical studies reported encouraging findings. Henderson et al. (31) reported that in a rodent model of myocardial infarction-induced chronic heart failure and low T3, T3 replacement to euthyroid status improved systolic function and tended to improve diastolic function, on basis of standard heart failure treatment. Recently, Pingitore et al. (32) reported that oral administration of low T3 dose was safe and able to improve regional cardiac function in patients with acute myocardial infarction and low T3 syndrome. However, studies using T3/T4 or hypothalamic neuropeptides in critical illness so far had neither largely negative results in terms of clinical benefit, nor unclear benefit in lowering mortality. Therefore, large randomized controlled trials are needed to investigate the effects of replacement treatment in terms of clinical outcome.

Despite the encouraging findings, our study has several limitations. First, endomyocardial biopsy, as a gold standard for diagnosis of myocarditis, was performed only in 13.3% of the patients because of reluctance of patients with mild symptoms or high risk of procedure in dynamically unstable patients. Second, due to the time span of 8 years, some patients dropped out, which might lead to incompletion of follow-up information and imprecise assessment of outcomes. Third, some patients without available thyroid function data were critically ill and died before performing a thyroid hormone test, which might introduce selection bias. Fourth, multiple thyroid tests were only available in only small number of the initially evaluated patients, so the present study could not resolve the ambiguity due to a transient change of thyroid status. Last, we performed a retrospective design and single-center study with only limited number of patients, so the present study should be viewed as preliminary, and the results need to be confirmed by large-scale prospective research in the future. Nevertheless, the strengths of our study include the complete information of thyroid function data, long-term follow-up and the exclusion of drug using that might affect thyroid status.



Conclusion

In conclusion, we identified low fT3 status as a significant independent predictor of poor prognosis for acute myocarditis. The thyroid function profile can provide valuable and convenient information for risk stratification in patients with acute myocarditis.
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