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Objectives

In recent years, the free triiodothyronine/free thyroxine (FT3/FT4) ratio, a new comprehensive index for evaluating thyroid function, which could reflect thyroid function more stably and truly than serum thyroid hormone level, has been demonstrated to correlate with the risks of diabetes and cardiovascular disease in euthyroid adults. However, the correlation between thyroid hormone sensitivity and long-term prognosis in euthyroid patients with acute coronary syndrome (ACS) and diabetes after percutaneous coronary intervention (PCI) remains unclear.





Methods

A total of 1,786 euthyroid patients with ACS who successfully underwent PCI at Beijing Anzhen Hospital from August 2021 to April 2022 were included in our study, which was divided into three groups according to tertiles of thyroid hormone sensitivity index. Cox regression, Kaplan–Meier, and receiver operating characteristic analyses were applied to analyze the associations between the FT3/FT4 ratio with ACS and diabetes after PCI.





Results

Our analysis indicated that a lower level of FT3/FT4 ratio in euthyroid patients with acute coronary syndrome (ACS) and diabetes after PCI showed significantly higher incidences of major adverse cardiac and cerebrovascular events (MACCE) when compared with a higher level of FT3/FT4 ratio. After adjusting for other covariates, patients with a lower level of FT3/FT4 ratio were negatively associated with the risk of MACCE than those with a higher level of FT3/FT4 ratio (adjusted OR =1.61, 95% CI 1.05–2.47, P = 0.028). In subgroup analyses, individuals were stratified by age, sex, BMI, ACS type, hypertension, and dyslipidemia, showing that there were no significant interactions between the FT3/FT4 ratio and all subgroups for MACCE. In addition, the FT3/FT4 ratio performed better on ROC analyses for cardiac death prediction [area under the curve (AUC), 0.738].





Conclusion

A reduced level of FT3/FT4 ratio was a potential marker of poor prognosis in euthyroid patients with ACS and diabetes after PCI.
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Introduction

Recent research studies show that more than seven million people worldwide are newly diagnosed with acute coronary syndromes (ACS) each year, and about 5% of people with ACS die before they are discharged from the hospital (1, 2). In patients with ACS, the risk of all-cause in-hospital death of patients with diabetes is twice that of patients without diabetes. Moreover, patients with ACS with diabetes have worse long-term prognosis than patients with ACS alone. The risk of major adverse cardiac and cerebrovascular events (MACCE) was 1.5 times that of those without diabetes, and long-term mortality was 50% higher in ACS patients with diabetes than in non-diabetic patients (3, 4). Studies also found that patients with diabetes have a higher ratio of high-risk plaques (or vulnerable plaques) in culprit lesions and non-culprit lesions for ACS than those without diabetes, the same as a worse long-term prognosis (5, 6).

Previous studies have also found that coronary heart disease and diabetes are closely related to thyroid hormone. Hyperthyroidism, hypothyroidism, and subclinical thyroid diseases are related to MACCE of cardiovascular system diseases (7–10). The potential mechanisms may include cellular inflammatory responses, vascular endothelial cell damage, dyslipidemia, atherosclerosis, and cardiac dysfunction (11, 12). Recently, the ratio of free triiodothyronine (FT3) to free thyroxine (FT4), as an indirect index reflecting the conversion of T4 to T3 and the peripheral deiodinase activity (13, 14), can better reflect the real thyroid function status than the serum levels of thyroid function indicators, including thyroid-stimulating hormone (TSH), triiodothyronine (TT3), thyroxine (TT4), FT3, and FT4. Moreover, it has been gradually confirmed that it is associated with the risk of hypertension, cardiovascular disease, pre-diabetes, diabetes, metabolic syndrome, renal insufficiency, and residual cholesterol levels in euthyroid patients (9–12, 15, 16). A lower FT3/FT4 ratio is related to an adverse prognosis in different cohorts with myocardial infarction with nonobstructive coronary arteries (MINOCA) and CAD (17). However, the correlation between the FT3/FT4 ratio and long-term prognosis in euthyroid patients with ACS and diabetes after PCI remains unclear. Therefore, the objective of this prospective study is to assess the potential relationship between the FT3/FT4 ratio and poor prognosis in euthyroid patients with ACS and diabetes after PCI. It is expected to provide some clinical reference value for the prevention, screening, and improvement of the prognosis of the disease.





Method




Study population

This prospective cohort study enrolled 1,786 euthyroid patients with ACS and diabetes who successfully underwent PCI, and only the culprit lesion was performed at Beijing Anzhen Hospital from August 2021 to April 2022. Patients who were classified under the following criteria were excluded: (1) infectious disease, (2) blood diseases, (3) malignant neoplasms, (4) liver and kidney diseases, (5) pregnant or lactating women, (6) other drugs that can affect thyroid function, such as amiodarone, (7) patients who had a history of thyroid disease, taking thyroid drugs, or thyroid surgery and who have not received thyroid function tests, and (8) history of hypothalamus or pituitary disease. This prospective cohort study follows the principles of the Declaration of Helsinki. All participants signed a written informed consent. Blood samples were collected in the morning after overnight fasting and tested on the same day using standard laboratory methods in the central laboratory. The thyroid function profile was measured quantitatively by direct chemiluminescence method (ADVIA Centaur, Siemens, USA), including serum FT3, FT4, and TSH, which was performed in the morning after admission. The normal reference intervals of our hospital were as follows: FT3, 3.28 to 6.47 pmol/L; FT4, 7.64 to 16.03 pmol/L; and TSH, 0.49 to 4.91 mIU/L. Euthyroid is defined as circulating TSH level; FT3 and FT4 are within the reference range. The WHO hypertension guidelines define the initial diagnosis of hypertension as systolic blood pressure greater than 140 mmHg or diastolic blood pressure of not less than 90 mmHg (18). Diabetes was defined as fasting blood glucose ≥7.0 mmol/L, 2-h plasma glucose ≥11.1 mmol/L, or having a diabetic history (19). Dyslipidemia was diagnosed by medical history or having low-density lipoprotein (LDL) cholesterol ≥3.4 mmol/L, high-density lipoprotein cholesterol<1.0 mmol/L, or triglyceride ≥1.7 mmol/L (20).





Study endpoints and follow-up

Clinical follow-up was conducted by a skilled clinician through outpatient or telephone visits. All patients were followed for an average of 16 months. A group of clinical cardiologists made a joint decision on the classification of the endpoint events. The primary endpoint was major adverse cardiac and cerebrovascular events (MACCE), including all-cause death, nonfatal myocardial infarction (MI), revascularization, and nonfatal stroke. The secondary endpoints included cardiac death, hospitalization for heart failure (HF), unstable angina (UA), and each component of MACCE. All deaths are considered cardiac deaths unless a non-cardiac cause is established. Revascularization was defined as unplanned revascularization (PCI or CABG) associated with the target lesion. A stroke is defined as any sudden, focal, or global neurological impairment caused by cerebral ischemia or bleeding that lasts for more than 24 h or results in death (with CT or MRI imaging evidence).





Statistical analysis

Continuous variables that fit the normal distribution were presented as mean ± standard deviation, and correlations between continuous variables were evaluated using Pearson product difference analysis (Pearson r) or Spearman rank correlation analysis (Spearman r). Continuous variables that are not normally distributed are described by the median of the quartile interval. Categorical variables were represented by percentiles, and correlations were analyzed using chi-square tests. Kaplan–Meier method was used to construct a survival curve, and log-rank test was used to compare the differences between groups. Univariate and multivariate Cox proportional hazard regression were used to evaluate the relationship between FT3/FT4 ratio levels and prognosis. The screening of confounding factors in the multivariate Cox proportional hazards model was mainly based on statistically significant clinical variables after univariate Cox regression analyses (P < 0.05). Then, we also incorporated confounding variables (age, gender, and BMI) that may affect the clinical prognosis of ACS into the model to obtain more accurate HR results as much as possible. Cox model 1 was the unadjusted model; model 2 was adjusted by confounding factors including age and sex; and model 3 was further adjusted for BMI, ACS classification (UA or NSTEM or STEMI), hypertension, and dyslipidemia. The area under the curve (AUC) is defined using receiver operating characteristic curve (ROC) analysis. A two-tailed P-value of <0.05 was statistically significant. R version 4.2.3. and SPSS version 25.0 (SPSS, Chicago, IL, USA) were used to perform statistical analysis.






Results




Patients’ baseline characteristics

The patients were divided into three groups according to the decrease in FT3/FT4 ratio (tertile 1: FT3/FT4 ≥0.45, n = 595; tertile 2: 0.39 ≤ FT3/FT4 <0.45; n = 594; tertile 3: FT3/FT4 <0.39; n = 597) (Figure 1). In Table 1, the proportions of patients who were older, had hypertension, and were female are significantly higher in the lowest FT3/FT4 tertile, as well as the level of BMI and HbA1c (all p < 0.05). The three groups did not exhibit any statistically significant differences in terms of MI, PCI, CABG, LDL-C, LVEF, creatinine levels, and drug utilization (all p > 0.05). We also collected and analyzed the PCI data of patients in the three groups and found that there was no statistical difference in terms of multi-vessel lesions, lesion types, number of stents, and so on (Supplementary Table S1).




Figure 1 | Study flowchart.




Table 1 | Baseline characteristics of the study population grouped by FT3/FT4 ratio.







Relationship between the FT3/FT4 index and clinical endpoint events

In Table 2, 148 euthyroid patients with ACS developed MACCE (31 died, 17 had nonfatal MI, 18 had a nonfatal stroke, and 100 suffered from revascularization) during the median follow-up time of 16 months; meanwhile, 125 patients were hospitalized for unstable angina, and 20 patients were hospitalized for heart failure. The group with a lower FT3/FT4 ratio had a significantly higher incidence of MACCE, and it increased with decreasing FT3/FT4 tertiles (6.1%, 8.4%, and 10.4%; p = 0.025). Patients with lower levels of FT3/FT4 ratio were associated with a significantly higher incidence of long-term MACCE, cardiac death, all-cause death, and hospitalization for HF (all P < 0.05), while the rate of nonfatal MI, nonfatal stroke, revascularization, and hospitalization for UA was not statistically different between the three groups (Table 2). Figure 2 presents the results of the restricted cubic splines and shows a dose–response relationship between the FT3/FT4 ratio and risk of MACCE (non-linear P = 0.855). In addition, the Kaplan–Meier curve shows that the cumulative incidence of MACCE was significantly higher in patients with a lower FT3/FT4 ratio tertile and increased incrementally across tertiles of the FT3/FT4 ratio (log-rank p = 0.030) (Figure 3). The cumulative survival curves of the primary and secondary endpoints for the overall population also showed similar results (log-rank P < 0.05 for MACCE, cardiac death, and all-cause death) (Figure 4).


Table 2 | Clinical outcomes in ACS patients based on tertiles of FT3/FT4 ratio.






Figure 2 | Multivariable-adjusted HR for MACCE based on restricted cubic splines for the FT3/FT4 ratio. The blue lines represent references for HR, and the blue areas represent 95% CI. HR was adjusted for age, sex, BMI, ACS classification, hypertension, and dyslipidemia in the multivariate model. MACCE, major adverse cardiac and cerebrovascular events; HR, hazard ratio; CI, confidence interval; BMI, body mass index; ACS, acute coronary syndrome.






Figure 3 | Kaplan–Meier curves for major adverse cardiac and cerebrovascular events according to tertiles of FT3/FT4 ratio.






Figure 4 | Cumulative survival curves for the primary and secondary endpoints in the three groups.



Cox regression analyses were used to estimate the association between the FT3/FT4 ratio and outcomes. The screening of confounding factors in the multivariate Cox proportional hazards model was mainly based on statistically significant clinical variables after univariate Cox regression analyses, and the results showed four statistically significant variables [BMI, ACS classification (UA or NSTEM or STEMI), hypertension, and dyslipidemia]. Then, we also incorporated confounding variables (age and gender) that may affect the clinical prognosis of ACS into the model to obtain more accurate HR results as much as possible. In our study, renal failure, anemia, LVEF, and so on were not statistically significant in the univariate Cox regression. Multivariate Cox proportional hazard regression analysis showed that the FT3/FT4 ratio remained significant after adjusting for confounding factors, regardless of whether they were categorical or continuous variables. Compared with patients in the highest FT3/FT4 tertile, the increased risk of MACCE after adjustment for age and sex was 1.40 (95% CI: 0.90–2.12) in the middle (Q2) and 1.71 (95% CI: 1.10–2.65) in the lowest tertile (Q3), and after multivariate adjustment it was 1.38 (95% CI: 0.90–2.12) in the middle (T2) and 1.61 (95% CI: 1.05–2.47) in the lowest tertile (Q3), respectively (Table 3). At ROC analysis, the cutoff of FT3/FT4 that maximized the sensitivity and specificity for MACCE prediction in all patients was identified as 0.40. In total, 1,059 patients (59.3%) had a ratio above the cutoff value. The incidence of MACCE was 6.9% and 10.3% (p < 0.001) in patients with FT3/FT4 above and below the cutoff, respectively (HR 1.42, 95% CI: 1.02–1.99, p = 0.03) (Figure 5).


Table 3 | Risk of primary and secondary outcomes according to FT3/FT4 ratio in the three Models.






Figure 5 | Association between FT3/FT4 ratio and the risk of major adverse cardiac and cerebrovascular events (MACCE) in overall and subgroups. Subgroup analysis showing the incidence and risk of MACCE in patients with FT3/FT4 ratio above and below the cut-off value of 0.40, which was identified with maximum Youden index in all ACS patients for MACCE prediction. The hazard ratio (HR) was calculated by multivariate Cox regression analysis. The vertical dotted line indicated the HR value of 1. BMI, body mass index; UA, unstable angina, CI, confidence interval.







Subgroup analysis

The association between the FT3/FT4 ratio and MACCE was examined in the subgroup analysis according to age (>65 or ≤65 years), sex (male or female), BMI (≥25.0 or <25.0 kg/m2), ACS type (UA or non-UA), hypertension (yes or no), and hyperlipidemia (yes or no). There was no statistically significant interaction between age, sex, BMI, ACS type, hypertension, hyperlipidemia, and FT3/FT4 ratio (all P-values for interaction ≥0.05). A lower FT3/FT4 (<0.40) remained a risk factor in subsets of patients stratified by age, sex, BMI, ACS type, hypertension, and hyperlipidemia (all p < 0.05) (Figure 5), suggesting that the prognostic effect of FT3/FT4 ratio was not affected by clinically relevant demographic or traditional risk factors.





Predictive value of the FT3/FT4 ratio for MACCE

Receiver operating characteristic curves show the predictive value of the FT3/FT4 ratio (AUC 0.573, 95% CI: 0.526–0.620, p < 0.003). The FT3/FT4 ratio showed a better value of cardiac death than MACCE in euthyroid patients with ACS combined with diabetes after PCI (AUC: 0.738, 95% CI: 0.635–0.842, p < 0.001) (Figure 6).




Figure 6 | Receiver operating characteristic curves showing the predictive value of the FT3/FT4 ratio using Cox regression in major adverse cardiac and cerebrovascular events and cardiac death.








Discussion

This study is the first prospective cohort study that examined the association between FT3/FT4 ratio and 16-month prognosis in euthyroid patients with ACS and diabetes successfully undergoing PCI. It demonstrated that (1) a decreased peripheral sensitivity to the thyroid hormone index of FT3/FT4 ratio was independently associated with an increased risk of 16-month MACCE and (2) the FT3/FT4 ratio might be a valuable prognostic marker for the identification and management of high-risk individuals in this specific patient population.

The prevalence rate of ACS and diabetes was as high as 24%–30%, and the risk of in-hospital and long-term major adverse cardiovascular events and complications was significantly higher than that of patients without diabetes (5, 6). Some previous retrospective studies with a small sample have found that the proportion of ACS patients with thyroid dysfunction is about 20%–30% (7, 21). As is known to all, the rates of heart failure, nonfatal reinfarction, unplanned repeat revascularization, and all-cause or cardiac mortality are high in ACS patients with thyroid dysfunction, including hyperthyroidism, hypothyroidism, and even subclinical thyroid disease (7, 8, 22). However, in euthyroid patients with normal serum thyroid function indexes, it is very critical to evaluate real thyroid function, identify thyroid dysfunction, and explore its relationship with the prognosis of ACS with diabetes (23).

Previous studies have found that a single measure of thyroid function does not adequately explain the relationship between the thyroid system and cardiovascular disease risk and show inconsistent results (22, 24, 25). In recent studies, indices of thyroid hormone sensitivity have been further explored in association with the risks of hypertension, cardiovascular disease, pre-diabetes, diabetes, metabolic syndrome, frailty, renal insufficiency, and residual cholesterol level in euthyroid patients (9–12, 15, 16, 26). Moreover, a higher FT3/FT4 value is correlated with a greater sensitivity of the peripheral tissue to thyroid hormone (11, 27). Brozaitiene et al. demonstrated that the FT3/FT4 ratio could serve as a valuable predictor of long-term outcomes of CAD patients undergoing PCI. However, this study did not measure the FT3 levels and other thyroid hormones during the acute stage of coronary syndromes (22). Yu et al. showed that the FT3/FT4 ratio was an independent predictor of 12-month all-cause mortality in euthyroid patients with AMI undergoing PCI, and its prognostic performance was comparable to that of the GRACE score. Nevertheless, some patients’ thyroid function was tested following exposure to iodinated contrast media due to emergency PCI, which may affect the resulting authenticity (28). Gao et al. first found that a decreased FT3/FT4 ratio was an independent predictor of poor outcomes in euthyroid patients with MINOCA (17). However, the correlation between sensitivity to thyroid hormone and long-term prognosis in euthyroid patients with ACS and diabetes after PCI remains unclear.

The present study, for the first time, found that the FT3/FT4 ratio was associated with 16-month MACCE [MACCE for the lower FT3/FT4 ratio group (FT3/FT4 <0.40) vs. the higher FT3/FT4 ratio group (FT3/FT4 ≥0.40): 10.3% vs. 6.9%, log-rank test: p = 0.028] in euthyroid patients with ACS complicated with diabetes undergoing PCI. Multivariate Cox proportional hazard regression analysis showed that the FT3/FT4 ratio remained significant after adjusting for confounding factors, regardless of whether they were categorical or continuous variables. The results of the subgroup analysis demonstrated that the prognostic impact of the FT3/FT4 ratio remained consistent across clinically relevant demographic and traditional risk factors. In summary, the FT3/FT4 ratio serves as a valuable clinical indicator for predicting long-term adverse outcomes in euthyroid patients with ACS and diabetes undergoing PCI, and it aids in effective risk stratification for these individuals.

Most studies on the mechanism of thyroid dysfunction leading to a poor prognosis of cardiovascular diseases focus on dyslipidemia caused by hypothyroidism (29). Other studies have found that dysfunction of endothelial cells, macrophages, and vascular smooth muscle cells (VSMCs) is associated with hypothyroidism (30, 31). However, whether and how hypothyroidism affects inflammation and the immune system in the context of atherosclerosis has not been fully elucidated. The decrease in the FT3/FT4 ratio reflects the abnormal conversion of T4 to T3 during acute or chronic myocardial injury (26, 32). Previous studies have found that low T3 syndrome may represent a hormone homeostasis escape response, which means that it is a beneficial and physiological adaptation mechanism by reducing myocardial metabolic demand and preventing arrhythmia in the early stress stage of acute ischemic events (33, 34). However, recent studies found that a lower FT3/FT4 ratio has worse effects on the cardiovascular system by reducing cardiac contractility and increasing vascular resistance, and a persisting downregulated thyroid system after ACS might become maladaptive because of the loss of the positive effects of T3 on the cardiovascular system (35). However, despite this relationship, there are further experimental and randomized controlled investigations to confirm the value and underlying biological mechanisms between the FT3/FT4 ratio and poor prognosis in this population.

On the other hand, there are several possible mechanisms involved in thyroid hormones affecting glucose metabolism as follows: (a) reduced half-life of insulin caused by an increasing rate of degradation and enhancing the release of biologically inactive insulin precursors in hyperthyroidism (36, 37), (b) increased intestinal glucose absorption mediated by excess thyroid hormones (38, 39), and (c) thyroid hormones raise GLUT-2 (the glucose transporter in the liver), leading to increased glucose output and abnormal glucose metabolism (40). Although the relationship between FT3/FT4 ratio and diabetes has been demonstrated, the specific regulatory mechanisms remain unknown (16).

This study has several limitations. Firstly, this study was a single-center observational study with potential confounding factors and selection bias. Secondly, as recommended by the guidelines, thyroid function tests are not repeated within 2–12 weeks to rule out transient forms of thyroid dysfunction (41). Thirdly, thyroid function was not further assessed during follow-up to identify new thyroid diseases and explore the relationship between FT3/FT4 ratio variation rate and outcome. Finally, there were relatively few AMI patients in ACS patients undergoing PCI in this study.





Conclusions

The FT3/FT4 ratio demonstrated an independent association with MACCE in euthyroid patients with ACS and diabetes undergoing PCI. Therefore, it is recommended to monitor the FT3/FT4 ratio while intensifying the management of traditional cardiovascular risk factors.
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