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Background

Low free triiodothyronine (fT3) level is strongly associated with poor prognosis in various patient populations. However, the role of fT3 in the risk of clinical outcomes in myocardial infarction with non-obstructive coronary arteries (MINOCA) has not been studied. Our study aimed to evaluate the association between low fT3 levels and the clinical outcomes of MINOCA patients.



Methods

A total of 218 MINOCA patients without a history of thyroid disease were enrolled in the study. Demographic, baseline clinical data, thyroid hormones, and other biochemical parameters were assessed in all patients. According to the fT3 levels, the present study was classified into two groups: the low fT3 group (fT3<3.5 pmol/L) and the normal fT3 group (fT3 3.5-6.5 pmol/L). The endpoint of the study was major adverse cardiac events (MACE).



Results

Fifty-nine patients were in the low fT3 group and 159 patients were in the normal fT3 group. Over the two years of follow-up, 36 MACE have occurred. The occurrence of MACE was higher in the low fT3 group compared with normal fT3 group (25.4% vs 13.2%; P=0.031). Kaplan-Meier survival curves showed a significantly increased risk of MACE in patients with low fT3 (log-rank P=0.027). Multivariable logistic regression analysis stated that high fT3 was independently associated with lower risk of MACE after two years of follow up (OR, 0.623; 95% CI, 0.399- 0.972; P=0.037).



Conclusion

Low fT3 levels were significantly associated with increased risk of MACE in patients with MINOCA. This finding suggests that the fT3 levels may serve as a potential biomarker in risk stratification of MINOCA patients.
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Introduction

With the continuous improvement in understanding of acute myocardial infarction (AMI), a group of AMI patients with no angiographic obstructive CAD (stenosis<50%) were gradually discovered, and the term myocardial infarction with non-obstructive coronary arteries (MINOCA) was given for this illness (1, 2). MINOCA represents a group of heterogeneous disorder with various pathological mechanisms (3, 4), and it is not a benign disease, the one-year mortality rate is 4.7% (5), however, the five-year mortality exceeds 10.9% (6), as well as a major adverse cardiac event (MACE) occurs in one in five patients with MINOCA over one year (7). Considering the heterogeneity and poor prognosis of MINOCA patients, it might be necessary to accurately use clinical predictors to stratify patients with varying risks of new cardiovascular events to help clinicians to develop adequate management strategies and to reduce the occurrence of MACE in such patient population.

There is a strong relation between thyroid hormones (THs) especially the active hormone triiodothyronine (T3) and cardiovascular system (8, 9). T3 plays a significant role in modulating cardiac contractility, increasing heart rate, and decreasing arterial resistance (9, 10). Low levels of free triiodothyronine (fT3) are correlated with worse prognosis in various patient populations such as cardiac patients (10), heart failure (11–13), AMI (14, 15), acute myocarditis (16), coronary artery bypass grafting (CABG) (17), acute ischaemic stroke (18), and in other groups of patients (19–24), however, the role of fT3 in the risk of clinical outcomes in MINOCA population and whether fT3 can improve risk prediction of MACE in such patients group has not been evaluated.

Therefore, the purpose of this study was to evaluate the association between low fT3 levels and the clinical outcomes of MINOCA patients.



Methods


Study Population and Participants

This was an observational study of 218 consecutive patients from 2014 to 2018 diagnosed with MINOCA and undergoing coronary angiography (CAG) at the department of cardiology, Shanghai Tenth People’s Hospital.

The inclusion criterion of the present study was (1): A diagnosis of MINOCA according to the ESC guidelines (2) and the fourth universal definition of myocardial infarction guidelines (1), which include: complies with the AMI’s diagnostic criteria (1); CAG showed non-obstructive coronary disease (< 50% stenosis) in any infarct related coronary artery; there is no other obvious clinically evident explanation which may explain the acute presentation such as myocarditis or pulmonary embolism (2); Age >18 years old.

The exclusion criteria were (1) Patients with thrombolytic therapy given before CAG, patients with a history of MI or coronary intervention (2), Patients with severe liver, kidney disorders and had a malignant tumor (3), Patients with thyroid disorder history, such as hyperthyroidism, hypothyroidism, or thyroiditis (4), Patients who are receiving thyroid-related medications, or (5) Patients without THs baseline data.

Our study complied with the Helsinki Declaration and was approved by the hospital’s ethical review board (Shanghai Tenth People’s Hospital, Tongji University, Shanghai, China). Informed written consent was received from all patients participating in this study.



Data Collection

Demographic and baseline clinical information (such as age, sex, smoking history, hypertension, diabetes mellitus, body mass index, hyperlipidemia, heart failure, atrial fibrillation, heart rate, and blood pressure) were meticulously documented after admission. The electrocardiogram (ECG) and echocardiography (Echo) were performed in all the patients. All participants were undergoing the CAG procedure after admission.



Biochemical Assessment

Fasting blood was obtained within 24 hours of admission to analyze biochemical parameters. The serum levels of THs [including fT3, total triiodothyronine (TT3), free tetraiodothyronine (fT4), total tetraiodothyronine (TT4), and thyroid stimulating hormone (TSH)], and serum cardiac biomarkers [including troponin-T (cTnT), myoglobin, creatine kinase-MB (CK-MB), and N-terminal pro-brain natriuretic peptide (NT-proBNP)] were measured in all patients. As described previously (25), the serum levels of THs in our department were measured using chemiluminescence (Automatic Chemiluminescence Immune Assay System ACS 180 with related kits; Bayer, Berlin, Germany). The levels of NT-ProBNP were measured using the Eleusis electro-chemiluminescent immunoassay (Roche Diagnostics Ltd. Rotkreuz, Switzerland).

The normal ranges for fT3, TT3, fT4, TT4, and TSH uses in our department are 3.5-6.5 pmol/L, 1.2-3.4 nmol/L,10.2-31 pmol/L, 4-174 nmol/L, and 0.35-5.5 mIU/L, respectively (25).

According to fT3 level at admission, the present study was classified into two groups: low fT3 group (fT3 < 3.5 pmol/L) and normal fT3 group (fT3 3.5-6.5 pmol/L).



Follow-Up and Endpoints

Follow-up started from the day of admission and was performed at 3, 6, 12 months, and 2 years after discharge by interviewing the patients by trained cardiologists at the Shanghai Tenth People’s Hospital. Follow-up information was carried out through outpatient visits, telephone calls, reviewing electronic medical records, and clinical notes.

The primary endpoint of our study was MACE, described as cardiovascular death, heart failure, nonfatal MI, stroke, and angina rehospitalization. The definitions of concepts in the primary endpoint have been described in our previous study (26). Death from ACS, severe cardiac arrhythmia, or refractory congestive heart failure was defined as cardiovascular death. The diagnosis of nonfatal MI was based on the established guidelines for myocardial infarction (1). Stroke was defined as an ischemic cerebral infarction caused by embolic or thrombotic occlusion of a major intracranial artery. Heart failure is a progressive disorder identified by severe forms, which might be followed by symptoms of structural and/or functional cardiac abnormality, culminating in decreased cardiac output and/or increased intracardiac pressure during rest or stress.



Statistical Analysis

The data in this study were analyzed using the Statistical Package for Social Sciences (SPSS) v.22. Figures were formed by using GraphPad softwarev.8.0.1. For numerical variables, the mean ± SE with a normal distribution was used, and percentages (%) were used for categorical variables. The chi-square test and Fisher’s exact tests were used to compare categorical variables. An independent sample t-test was used to compare numerical variables between groups. Logistic regression analysis was used to determine the adjusted odds ratio (OR) for MACE to evaluate predictors of clinical endpoints. Sex, age, traditional cardiovascular risk factors (BMI, smoking history, diabetes, hypertension, hyperlipidaemia, atrial fibrillation, heart failure and alcohol), systolic and diastolic blood pressure, heart rate, left ventricular ejection fraction (LVEF), ECG findings, angiographic characteristics, and biochemical parameters (cTnT, CK-MB, myoglobin, NT-proBNP, and THs) were considered as covariates in the univariate models. For the multivariable models, clinical risk factors and biochemical parameters which were univariate predictors (at P < 0.10) were considered as covariates. Further subgroup analysis was performed to determine the interactions between fT3 levels and clinically associated variables using Cox proportional hazards analysis. The Kaplan-Meier analysis was used to evaluate MACE-free survival rates, and the differences between the two groups were determined using the log-rank test. The ability of fT3 to predict MACE in MINOCA patients was displayed using receiver operating characteristic (ROC) curves analysis. All analysis was conducted two-sided and identified statistically significant at P-value < 0.05.




Results


Baseline Characteristics

A total of 218 patients who met the diagnostic criteria of MINOCA were enrolled in the present study. Among these, 59 (27.1%) were in the low fT3 group and 159 (72.9%) were in the normal fT3 group. Baseline characteristics, laboratory findings, and angiographic data of low and normal fT3 are summarized in Tables 1, 2. Patients with low fT3 levels were older (70.18 ± 12.96 vs. 60.77 ± 13.01, p < 0.001), whereas systolic and diastolic blood pressure in normal fT3 was higher (P < 0.05). Echocardiography data showed that the LVEF in the normal fT3 group was higher than the low fT3 group (56.49% vs. 48.75%, P < 0.001). The serum levels of fT3, TT3, fT4, and TT4 in the low fT3 group were lower (P < 0.05); by comparison, the levels of cardiac cTnT, CK-MB, myoglobin, and NT-proBNP in the low fT3 group were significantly higher than normal fT3 group. According to CAG results, patients with 3 vessels disease were more common in the low fT3 group (16.9% vs. 3.8%, P = 0.002). There were no significant differences in sex, smoking history, diabetes, hypertension, hyperlipidemia, atrial fibrillation, previous heart failure, alcohol use, and body mass index between the two groups (P > 0.05).


Table 1 | Baseline characteristics of the study population.




Table 2 | Laboratory findings and angiographic data of the study population.





Association Between fT3 and the Primary Endpoints

No patients were excluded because of missing data. Over the two years of follow-up, a total of 36 MACE have occurred. MACE occurred in 15 patients (6 cardiovascular deaths, 1 heart failure, 1 stroke, and 7 angina rehospitalization) in the low fT3 group, and 21 patients (3 cardiovascular deaths, 2 nonfatal MI, 1 heart failure, 2 strokes, and 13 angina rehospitalization) in the normal fT3 group. The occurrence of MACE and cardiovascular deaths were substantially more frequent in the low fT3 group compared with the normal fT3 group (25.4% vs 13.2% and 10.2% vs. 1.9%, respectively; all P < 0.05) (Figure 1). Two years Kaplan-Meier survival curves for cardiovascular deaths and total MACE in patients with low and normal fT3 levels are displayed in Figures 2, 3, which showed a significantly increased risk of cardiovascular deaths in patients with low fT3 (log-rank P = 0.007). Similarly, when total MACE was analyzed, the Kaplan-Meier analysis demonstrated a higher risk of total MACE in low fT3 (log-rank P = 0.027). The ROC curve of fT3 was shown in Figure 4 for the prediction of clinical MACE, which showed that the fT3 has moderate significance in predicting MACE in MINOCA patients, with an AUC of 0.690 (95% CI, 0.583-0.798; P = 0.002).




Figure 1 | Rate of adverse events in MINOCA patients with low fT3 versus normal fT3 levels. fT3, free triiodothyronine; MACE, major adverse cardiovascular events.






Figure 2 | Kaplan-Meier survival curves for cardiovascular deaths in MINOCA patients with low fT3 versus normal fT3 levels. fT3, free triiodothyronine.






Figure 3 | Kaplan-Meier survival curves for MACE in MINOCA patients with low fT3 versus normal fT3 levels. fT3, free triiodothyronine; MACE, major adverse cardiovascular events.






Figure 4 | Receiver operating characteristic (ROC) curve of the ability of fT3 to predict MACE in MINOCA patients.





Predictive Factors of MACE

The univariable and multivariable predictors of MACE are included in Table 3. Logistic regression analysis demonstrates that high fT3 in univariate analysis was independently associated with lower risk of MACE (OR, 0.647; 95% CI, 0.422- 0.991; P = 0.045). After excluding confounding factors, multivariable logistic regression analysis still stated that high fT3 was strongly associated with lower risk of MACE after two years of follow up (OR, 0.623; 95% CI, 0.399- 0.972; P = 0.037), followed by LVEF (OR, 0.957; 95% CI, 0.928- 0.986; P = 0.004).


Table 3 | Univariate and Multivariable analysis of predictors of MACE within 2 years.





Subgroup Analysis

Further subgroup analyses for associations of fT3 levels with MACE stratified by age, sex, traditional cardiovascular risk factors, LVEF, cTnT, NT-proBNP levels, and the number of vessel diseases are shown in supplemental Table 1. Subgroup analysis showed that there was no significant interaction between fT3 levels and age (<65 years or ≥65 years), sex, traditional cardiovascular risk factors (hypertension, diabetes mellitus, smoking, BMI, and atrial fibrillation), LVEF, cTnT, NT-proBNP levels, and the number of vessel diseases (all P for interaction > 0.05).




Discussions

The aim of this study was to evaluate the association between low fT3 levels and the clinical outcomes of MINOCA patients. The main findings of our study were (1); Low fT3 levels were frequently found in MINOCA patients (2), Low fT3 levels were strongly associated with increased risk of MACE in MINOCA patients. The findings of this study suggest that measuring fT3 levels may be a useful tool for clinicians to stratify patients at risk of poor outcomes following MINOCA.

The importance of MINOCA has attracted much attention and has been recently introduced in the European Society of Cardiology (ESC) (2) and the Fourth Universal Definition of Myocardial Infarction guidelines (1) as a special type of myocardial infarction (MI). Early large cohort studies indicated that the prognosis of MINOCA patients is not favorable. A large cohort study of 16849 MINOCA patients reported that one in every five MINOCA patients experienced a major adverse event over one year (7). Furthermore, Lindahl et al. concluded that 23.9% of MINOCA patients suffered MACE over a four-year follow-up period in a study of 9466 MINOCA patients (27). Consequently, MINOCA remains a particularly challenging illness due to numerous pathophysiological mechanisms with different causes and unclear management therapy. Thus, clinical predictors can be used to guide the medical triage process and to quantify the risk of major cardiovascular events in the MINOCA population, which may be beneficial to improve treatment options.

Low T3 levels are often seen in severe non-thyroidal diseases, such as cardiovascular disorders (10). According to a recent systemic review, the incidence of low T3 syndrome was 18.9%, 24.5%, and 17.1% in patients with MI, heart failure, and acute coronary syndrome (ACS), respectively (28). In the present study, the prevalence of low fT3 in MINOCA patients was 27.1%, which is relatively high. Interestingly, the level of myocardial injury markers (cTnT, CK-MB, and myoglobin) and NT-proBNP were higher in the low fT3 group. Moreover, LVEF in the low fT3 group was lower, besides, patients with the three-vessel disease were more common in the low fT3 group, suggesting that fT3 level is associated with the degree of myocardial injury and severity in MINOCA patients. Similar findings were observed in a study by Yuan et al, which indicates that a low level of fT3 was linked with an increased incidence of long-term cardiovascular mortality and composite MACE in euthyroid patients with the three-vessel disease (29). Thus, low fT3 could possibly relate to sicker patients and reflect non-thyroidal illness.

Previous studies have demonstrated that low fT3 levels were associated with a worse short and long-term prognosis in various patient groups. A study by Iervasi et al. showed that low fT3 is a strong predictor of mortality in 573 patients with different cardiac diseases (10). Accordingly, another study of 699 STEMI patients showed low fT3 levels were significantly associated with increased risks of mortality and MACE (14). Low fT3 was also found to be a significant predictor of poor prognosis in a recent Chinese study in adult patients with acute myocarditis (16). In 2459 AMI patients, Wen Su et al. also found a strong link between poor prognosis and low fT3 syndrome (15). Another study observed that low T3 is a powerful factor of mortality and low cardiac output in CABG patients (17). A recent Japanese study demonstrated low fT3 to be a predictor of MACE and all-cause mortality in hemodialysis patients (30). Multiple studies have reported low T3 levels to be a predictor of poor prognosis in acute and chronic heart failure (12, 13, 31, 32). In patients with acute ischaemic stroke, low T3 syndrome was associated with hemorrhagic transformation (18). Low T3 was found to be correlated with poor prognosis in some cancer diseases such as chronic lymphocytic leukemia (20), brain tumor (33), and diffuse large B cell lymphoma (21). Besides, Low T3 was also reported to be a useful predictor of poor clinical outcomes in patients with pyogenic liver abscess (19), chronic fatigue syndrome (22), community-acquired pneumonia (23), secondary hemophagocytic lymph histiocytosis (24), and respiratory failure (34). In a community dwelling elderly population, low fT3 was linked to low muscle mass and poor physical ability (35). In MINOCA patients, two recent case studies have shown that thyroid diseases such as thyrotoxicosis may be a potential cause for MINOCA, suggesting that thyroid hormones may play an important role in the pathogenesis of MINOCA and may have an impact on the prognosis of such patients group (36, 37). To the best of our knowledge, this is the first study to demonstrate a relationship between lower fT3 levels and increased risk of MACE and cardiovascular deaths in the MINOCA population. In the present study, the occurrence of MACE and cardiovascular deaths were more frequent in the low fT3 group compared to the normal fT3 group. The Kaplan-Meier analysis also showed a significantly increased risk of cardiovascular deaths and total MACE in MINOCA patients with low fT3. Furthermore, multivariable logistic regression analysis stated that fT3 was significantly associated with poor prognosis in the MINOCA population, this correlation was consistent throughout subgroups of the patient’s population. In addition, the ROC curve analysis showed that the fT3 has moderate significance in predicting MACE in MINOCA patients. Considering the poor prognosis of MINOCA patients, it might be necessary to use clinical predictors to stratify patients with varying risks of new cardiovascular events to help clinicians develop adequate management strategy and to reduce the occurrence of MACE. Thus, the findings of the present study are of significant clinical interest, which suggests that determination of fT3 levels in the early stage could be a useful tool to identify the risk of poor clinical outcomes and improve the management strategy of high-risk MINOCA patients. The assessment of fT3 levels in cardiovascular risk scores of MINOCA patients may provide significant information on clinical implications, however, these findings require further verification by large scale prospective cohorts.

Some limitations were associated with our research study. First, this was an observational study with small sample size. Second, this study has only two years follow-up duration. Third, some confounders such as a family history of heart disease, etc., might have influenced our findings in few patients, therefore, the results of the present study may not be generalizable to populations of different ethnic backgrounds. Fourth, we do not have data on autoantibodies, and the frequency of autoimmune thyroid conditions in this study is unclear. In addition, since thyroid function was only assessed at baseline, we cannot conclude that the associations with MACE would be different if data were collected over the follow-up period. Furthermore, it is unclear if increasing the fT3 level into its normal range would benefit patients with low fT3 to improve their outcomes. Multi-center prospective analyses with long-term follow-up are needed to verify the findings of the present study.



Conclusion

The present study is the first to evaluate the association between low fT3 levels and the prognosis of MINOCA patients. Our study revealed that low fT3 levels are frequently found in MINOCA patients and were significantly associated with increased risk of MACE. This finding suggests that the fT3 levels may serve as a potential biomarker in the risk stratification of MINOCA patients.
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laboratory findings
T3 (pmol/L) 295+ 0.49 4.59 £ 1.67 <0.001
TT3 (nmol/L) 099 +0.28 1.62 + 0.46 <0.001
T4 (pmol/L) 14.58 + 3.33 16.59 + 5.08 0.005
TT4 (nmol/L) 86.79 + 24.28 100.34 + 30.14 0.002
TSH (mIUL) 4.30 + 19.36 1.97 +1.50 0.133
cTnT (ng/mL) 069 +1.64 0.38 £ 0.77 0.053
CK-MB (ng/mL) 30.82 + 75.98 14.43 £ 27.39 0.020
Myoglobin (ng/ml) 285.63 + 471.78 99.15 + 164.94 <0.001
NT-proBNP (pg/mL) 4731.77 + 6846.12 1209.66 + 2681.39 <0.001
Angiographic data
Normal coronary arteries (0% stenosis), n (%) 22 (37.3) 76 (47.8) 0.166
Vessel with any stenosis (> 0 to < 50% stenosis), n (%)
1-vessel, n (%) 19(32.2) 46 (28.9) 0.639
2-vessel, n (%) 8(13.6) 31 (19.5) 0.310
3-vessel, n (%) 10 (16.9) 6(3.8) 0.002

Values are expressed as mean + SD or number (%); fT3, free triiodothyronine; TT3, total triodothyronine; fT4, free tetraiodothyronine; TT4, total tetraiodothyronine; TSH, thyroid stimulating

hormone; ¢TnT, cardiac troponin T: CK-MB, creatine kinase isoenzyme; NT-proBNP, N-terminal pro-brain natriuretic peptide.
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Variable Univariate analysis Multivariable analysis
OR (95% CI) P value OR (95% CI) P value

fT3 0.647 (0.422- 0.991) 0.045 0.623 (0.399- 0.972) 0.037
NT-proBNP 1.000 (1.000- 1.000) 0.053

TT3 0.398 (0.148- 1.070) 0.068

LVEF 0.950 (0.926- 0.976) <0.001 0.957 (0.928- 0.986) 0.004
Age 1.031 (1.002- 1.061) 0.036

Systolic blood pressure 1.017 (1.001- 1.032) 0.032

fT3, free triiodothyronine; NT-proBNP, N-terminal pro-brain natriuretic peptide; TT3, total triodothyronine; LVEF, left ventricular ejection fraction; Cl, confidence interval: OR, odds ratio.
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Low T3 (n = 59) Normal fT3 (n = 159) P value

Age (years) 70.18 + 12.96 60.77 + 13.01 <0.001
Female, n (%) 34 (57.6) 74 (46.5) 0.146
BMI (kg/m2) 23.36 + 4.59 24.37 + 3.63 0.111
Smoking history, n (%) 21 (35.6) 62 (39.0) 0.646
Diabetes, n (%) 8(13.6) 25 (15.7) 0.692
Hypertension, n (%) 32 (54.2) 75 (47.2) 0.354
Hyperiipidaemia, n (%) 7(11.9) 31(19.5) 0.187
Atrial fibrillation, n (%) 8(13.6) 13(8.2) 0.231
Previous heart failure, n (%) 2(3.4) 4(2.5) 0.726
Alcohol use 5(8.5) 18(11.3) 0.543
LVEF (%) 48.75 + 13.69 56.49 + 11.01 <0.001
STEMI, n (%) 25 (42.4) 57 (35.8) 0.377
NSTEMI, n (%) 34 (57.6) 102 (64.2) 0.377
Systolic blood pressure (mmHg) 135.31 + 25.49 142.98 + 23.25 0.036
Diastolic blood pressure (mmHg) 75.06 + 13.22 82.13 +13.10 0.001
Heart rate, beats per minute 84.81 + 23.38 80.22 + 17.58 0.121

Values are expressed as mean = SD or number (%); BMI, body mass index; LVEF, left ventricular ejection fraction; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-
elevation myocardial infarction; fT3, free triodothyronine.





