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Background: The relationship between plasma free triiodothyronine (FT3) levels and the risk of ventricular arrhythmias (VA) in
patients with acute myocardial infarction (AMI) remains unclear.

Objective: This study aimed to investigate whether the level of FT3 influences VA in patients with AMI.

Methods: A multicenter prospective study was conducted to collect patients diagnosed with AMI from three centers between
January 2018 and December 2021. Patients were categorized into VA and Non-VA groups. FT3 levels were compared between
groups, and multivariate logistic regression analyses were performed to evaluate the relationship.

Results: A total of 3277 consecutive patients (mean age: 64.6 years) were included, with 123 (3.9%) developing VA during
hospitalization. The VA group had significantly lower FT3 levels compared to the Non-VA group ([3.74 + 0.77 pmol/L] vs [4.13 £
0.81 pmol/L], P < 0.001). Multivariate analysis identified FT3 level as an independent predictor of VA risk (adjusted odds ratio [OR]:
0.761; 95% confidence interval [CI]: 0.591-0.980; P = 0.035). A dose-dependent association was observed, with progressively lower
VA risks across increasing FT3 quartiles (Pyenq = 0.007). Each 1 standard deviation decrease in FT3 levels was associated with
a 19.9% increased VA risk (OR = 0.801; 95% CI: 0.651-0.984; P = 0.035).

Conclusion: This study confirmed a significant association between plasma FT3 levels and the risk of ventricular arrhythmias during
hospitalization in patients with myocardial infarction. Low FT3 levels are associated with an increased risk of VA in patients with AMI.
Keywords: free triiodothyronine, acute myocardial infarction, ventricular arrhythmia, biomarker, prospective cohort study, diagnosis
and prediction

Introduction

Global Burden of Disease studies and World Health Organization data underscore the persistent public health burden of acute
myocardial infarction (AMI), with over 10 million new cases annually and mortality rates remaining stubbornly high.'
Ventricular arrhythmias (VA), one of the most life-threatening complications of AMI, account for a substantial proportion of
sudden cardiac deaths (SCD) during hospitalization.* ® Previous studies have demonstrated alarmingly high incidence rates of
SCD, often precipitated by unrecognized structural or functional abnormalities in the cardiovascular system, such as
subclinical ischemia, genetic ion channel defects, or inflammatory cascades.”® These findings reveal potential undiscovered
mechanisms underlying arrhythmogenic triggers, highlighting the critical need for advanced biomarkers to enable early
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detection and risk stratification in asymptomatic high-risk populations.’”'* Although the Global Registry of Acute Coronary
Events (GRACE) scores and molecular biomarkers (such as high-sensitivity troponin, microRNA) can effectively predict
overall mortality,"* few of these indicators take into account metabolic or endocrine regulatory factors, and some of the
indicators are also difficult to obtain. This highlights the urgent need for measurable biological markers that can rapidly detect
high-risk AMI, so as to achieve rapid identification and targeted in-depth monitoring.

Thyroid hormones exert multifaceted effects on cardiovascular homeostasis through nuclear receptor-mediated gene
regulation in cardiomyocytes.'* Free triiodothyronine (FT3), the biologically active thyroid hormone, plays a critical role
in myocardial energy metabolism, calcium handling, and gap junction function; these processes are of vital importance
for maintaining normal cardiac electrophysiology.'* '® Emerging evidence indicates that “low T3 syndrome” (character-
ized by reduced total triiodothyronine with normal thyroid-stimulating hormone [TSH]) occurs in 30-50% of patients
with acute cardiovascular events, potentially exacerbating myocardial remodeling and oxidative stress through adaptive
metabolic reprogramming.'® !

Although thyroid dysfunction has been linked to adverse cardiovascular outcomes, the association between thyroid
hormone levels and VA risk in AMI patients remains poorly understood. In particular, whether baseline plasma FT3
concentration—an inexpensive, widely available, and rapidly obtainable laboratory parameter—can serve as an inde-
pendent predictor of ventricular arrhythmias in the acute phase of myocardial infarction has not been systematically
investigated in large cohorts. This study aims to investigate the dose-response relationship between baseline FT3 levels
and VA occurrence during hospitalization in a large cohort of AMI patients, with the goal of identifying novel biomarkers
for optimizing arrhythmia risk management.

Materials and Methods

Ethics Statements

This study was approved by the Ethics Committee of The Third Affiliated Hospital of Nanjing Medical University (approval
number: 2018-YKO005-01) and Xuzhou Central Hospital (approval number: XZXY-LK-20211021-037). The study is in
accordance with the principles of the Declaration of Helsinki as revised in 2013. This trial is registered with the Chinese
Clinical Trial Registry (ChiCTR1800014583, Registration date: 22 January 2018). All the enrolled patients from the Third
Affiliated Hospital of Nanjing Medical University and Xuzhou Central Hospital had signed informed consent.

Study Participants

This multicenter prospective cohort study included AMI patients admitted between January 2018 and December 2021 from
three clinical centers: Xuzhou Central Hospital and two hospital areas of Nanjing Medical University Third Affiliated Hospital
(Chengzhong branch and Yanghu branch). The two hospital areas are geographically separated by 16 km. The study workflow
is presented in Figure 1. Inclusion criteria: (1) Inpatient diagnosis of AMI, based on the diagnostic criteria of the European
Society of Cardiology/American College of Cardiology (ESC/ACC) for AML?** (2) Patients with a history of percutaneous
coronary intervention (PCI) during hospitalization. (3) Older than 18 years. Exclusion criteria: (1) Patients with heart failure,
autoimmune diseases, recent infections, pregnancy, severe liver or kidney dysfunction, myocarditis, or a history of previous
heart surgery. (2) Patients with thyroid disease or taking medications known to interfere with thyroid function. (3) Incomplete
or missing medical records. A total of 3456 AMI patients were initially enrolled and 3277 patients were ultimately included in
the subsequent analysis after applying inclusion and exclusion criteria (Figure 1).

Data Collections

All data were recorded from Electronic Medical Record System. Clinical data during hospitalization were collected,
including demographics (gender, age), baseline vital signs (systolic blood pressure, diastolic blood pressure, heart rate),
comorbidities (hypertension, diabetes mellitus), body mass index (BMI), smoking, alcohol consumption, laboratory
indices (White blood cell count (WBC), neutrophil percentage, free triiodothyronine (FT3), free thyroxine (FT4), thyroid
stimulating hormone (TSH), surgery-related indices.
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Figure | Flowchart for patient selection. Patient selection, exclusion criteria and setting of study endpoints.

Blood Collection

After admission, the patient had their blood drawn for thyroid hormone testing. The collected blood sample was immediately
sent to the laboratory and subjected to low-temperature centrifugation for plasma separation. The thyroid hormone levels were
measured using enhanced chemiluminescence. The reference ranges for adult thyroid function are as follows: FT3: 3.1 to 6.8
pmol/L; FT4: 12 to 22 pmol/L; TSH: 0.27 to 4.2 plU/mL. In the three research centers, plasma FT3 levels were tested by three
testing instruments from the same manufacturer (Roche Diagnostics of Switzerland) (Centers 1 and 2 used the Roche Cobas
8000 E602; Center 3 used the Roche Cobas 8000-1). These three instruments belong to the Roche Cobas 8000 product series
and have the same detection principle (enhanced chemiluminescence) and core reaction system, which lays the foundation for
the consistency of the test results. All tests were calibrated using the same international standards, and each center used the
reference ranges provided by the same manufacturer. And monthly, each center sends quality control samples to the other two
centers for mutual testing for cross-calibration (the coefficient of variation between the two determinations is less than 8%),
which significantly reduces the risk of systematic bias in this design of the study.

Endpoints

The study endpoint was the incidence of VA during hospitalization. The incidence of ventricular arrhythmia (VA) during
hospitalization, defined as sustained ventricular tachycardia (sustained VT, >30 seconds or requiring urgent intervention),
ventricular flutter or ventricular fibrillation (VF).?® Patients admitted to the cardiac care unit (CCU) underwent continuous
bedside electrocardiographic monitoring with real-time waveform transmission. Patients in the general wards are all equipped
with continuous mobile cardiac telemetry devices (MCT) or long-term patch-type electrocardiogram recorders. The data from
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these devices will be automatically uploaded to a centralized platform at least once a day, allowing for real-time review of
parameters related to arrhythmias. For suspected arrhythmic events not confirmed by 12-lead ECG at the exact time of
detection, cross-validation was mandatory using contemporaneous clinical records (nursing notes, patient symptoms, and
ambulatory blood pressure recordings) to exclude clinically irrelevant artifacts or false-positive signals. All suspected
endpoint events were adjudicated by three senior cardiovascular specialists who were blinded to treatment allocation.
Events were confirmed based on majority vote.

Statistical Analysis

Measurement data conforming to normal distribution were expressed as mean =+ standard deviation (X £ s) using #-test; count
data were expressed as cases (rate) using > test and Fisher’s exact probability method. The continuous relationship between
VA risk and FT3 levels was determined using a restricted cubic spline regression model. Univariate and multifactorial logistic
regression analyses were used to assess the effect of FT3 level on the risk of VA during hospitalization in patients with AMI.
The results were presented as odds ratio (OR) and 95% confidence interval. P < 0.05 was considered as statistically significant
difference. Statistical analysis was carried out using SPSS25.0 and R software (version4.1.2). Graphs were created using
R software and GraphPad Prism (version9.5.0).

Results

Among the 3277 enrolled patients, 123 (3.9%) AMI patients developed VA during hospitalization. The distribution of VA
subtypes was as follows: 35 cases (28.5%) had isolated VT, 26 cases (21.1%) had isolated VF, and 62 cases (50.4%) had
both VT and VF. As shown in Table 1, compared to the non-VA group, the VA group exhibited older age, higher
proportion of females, lower body mass index (BMI), lower smoking rates, and higher prevalence of hypertension,

Table | Baseline Characteristics

Characteristics Overall (n=3277) | Non-VA (n=3154) VA (n=123) P value
Age, years 64.60x13.91 64.42+13.89 69.32+13.72 <0.001
Male, n (%) 2458(75.0) 2375(75.3) 83(67.5) 0.049
Body mass index, kg/m2 24.28+3.68 24.31%3.67 23.39+3.65 0.006
Current or former smoker, n (%) 1561(47.6) 1517(48.1) 44(35.8) 0.007
Alcohol consumption, n (%) 370(11.3) 355(11.3) 15(12.2) 0.747
Hypertension, n (%) 2176(66.4) 2081(66.0) 95(77.2) 0.010
Diabetes, n (%) 1104(33.7) 1049(33.3) 55(44.7) 0.008
STEMI, n (%) 1973(60.2) 1890(59.9) 83(67.5) 0.093
NSTEMI, n (%) 1304(39.8) 1264(40.1) 40(32.5) 0.093
Killip class >2, n (%) 405(12.4) 363(11.5) 42(34.1) <0.001
SBP, mm/Hg 131.77£24.16 131.89+24.08 128.78+26.10 0.161
DBP, mm/Hg 79.15+15.64 79.21x15.61 77.85+16.58 0.345
Heart rate, bpm 80.09+15.72 79.92%15.51 84.31+20.03 0.018
WBC, 10%/L 9.18(7.23-11.8) 9.18(7.23-11.79) 9.26(7.02—-12.26) 0.937
Neutrophil percentage, % 73.42+12.03 73.35%11.99 75.33+12.68 0.073
Hemoglobin, g/L 138.75+26.67 139.11£26.83 129.43+20.06 <0.001
Serum creatinine, umol/L 74.50(62.40-91.30) | 74.30(62.28-90.70) | 82.00(63.50-122.40) 0.001
FT3, pmol/L 4.12+0.81 4.13+0.81 3.74%0.77 <0.001
FT4, pmol/L 15.90+2.87 15.90+2.86 15.87+3.06 0912
TSH, plU/mL 1.11(0.66—1.90) 1.11(0.67-1.88) 1.26(0.59-2.26) 0.813
Uric acid 349.37+108.67 348.54+108.00 370.74+123.39 0.026
Serum potassium <3.5mmol/L 466(14.2) 417(13.2) 49(39.8) <0.001
QRS > 0.12s 526(16.1) 502(15.9) 24(19.5) 0.286
Atrial fibrillation 76(2.3) 69(2.2) 7(5.7) 0.011

Notes: Values are mean * SD, n (%), or median (IQR).
Abbreviations: STEMI, ST-elevation myocardial infarction; NSTEMI, Non-ST-elevation myocardial infarction; SBP, systolic blood pressure;
DBP, diastolic blood pressure; WBC, white blood cell; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-Stimulating hormone.
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Figure 2 Comparison of thyroid-related hormone levels between VA and Non-VA groups. (A) Violin plots reflect the distribution and probability density of FT3 between
the two groups. Purple represents the VA group and cyan represents the Non-VA group. (B) Reflects the distribution and probability density of FT4 between the two
groups. (C) Reflects the distribution and probability density of TSH between the two groups. The center box of each violin plot represents the interquartile range (IQR), and
the horizontal line inside the box represents the median. ****P < 0.0001; NS indicates that there is no significant difference between the VA and Non-VA groups (P > 0.05).

diabetes, Killip class >2, and hypokalemia (serum potassium <3.5 mmol/L). Concurrently, the VA group demonstrated
lower hemoglobin (Hb) levels, higher serum creatinine (SCr) levels, and lower incidence of atrial fibrillation (P < 0.05)
(Table 1). Notably, FT3 levels were significantly lower in the VA group compared to the Non-VA group ([3.74 + 0.77
pmol/L] vs [4.13 + 0.81 pmol/L], P < 0.001), while no significant differences were observed in thyroid-stimulating
hormone (TSH) or free thyroxine (FT4) levels between the two groups (Figure 2). Results from Table 2 revealed that the

Table 2 Medications Treatments and Angiographic Characteristics of Enrolled VA Patients and Participants

Characteristics Overall (n=3277) | Non-VA (n=3154) | VA (n=123) | P value

Medication before procedures, n (%)

Aspirin 3186(97.2) 3066(97.2) 120(97.6) 0.816
Clopidogrel 949(29.0) 899(28.5) 50(40.7) 0.004
Ticagrelor 2301(70.2) 2230(70.7) 71(57.7) 0.002
ACEI/ARB 2089(63.7) 2026(64.2) 63(51.2) 0.003
B-blocker 2096(64.0) 2026(64.2) 70(56.9) 0.097
Statins 3110(94.9) 2992(94.9) 118(95.9) 0.596
Tirofiban hydrochloride 1591(48.6) 1530(48.5) 61(49.6) 0.813
Sodium-glucose transporter 2 inhibitors 363(11.1) 355(11.3) 8(6.5) 0.100
Number of stents with each vessel

Left main coronary artery 0.325
0 3246(99.1) 3125(99.1) 121(98.4)

>| 31(0.9) 29(0.9) 2(1.6)

Left anterior descending artery 0.350
0 1866(56.9) 1801(57.1) 65(52.8)

>| 1411(43.1) 1353(42.9) 58(47.2)

Left circumflex artery 0.247
0 2784(85.0) 2675(84.8) 109(88.6)

>| 493(15.0) 479(15.2) 14(11.4)

Right coronary artery 0.927
0 2383(72.7) 2294(72.7) 89(72.4)

>| 894(27.3) 860(27.3) 34(27.6)

Abbreviation: ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers.
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VA group had higher utilization of clopidogrel but lower use of ticagrelor and angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers (ACEI/ARB) (P<0.05), with no statistically significant difference in culprit vessel
distribution between groups (P>0.05) (Table 2). Baseline characteristics for the three centers are provided in
Supplementary Table 1. To control for confounding factors, univariate and multivariate regression analyses were

performed on variables with baseline P<0.05 (Figure 3). Model 1was adjusted for sex and age alone. Model 2 further
incorporated all variables with P<0.05 from Table 1, demonstrating an association between FT3 levels and VA risk.
Model 3 additionally included medication-related variables with P<0.05. In the fully adjusted model (Model 3), lower
FT3 levels, non-use of ACEI/ARB, hypertension, Killip class >2, and hypokalemia were independently associated with
increased odds of VA (all P<0.05). Multivariate regression analysis demonstrated that each unit decrease in FT3 levels
was independently associated with higher odds of VA (OR: 0.761, 95% CI: 0.591-0.980, P=0.035).

Subsequently, we categorized the patients into four groups based on FT3 quartiles. As shown in Table 3, FT3 levels
were significantly associated with the risk of ventricular arrhythmias (VA) (comparison of Q4 and QI, unadjusted
OR=0.237, 95% CI: 0.131-0.429, Penqg <0.001; comparison of Q4 and QIl, in Model 3 OR = 0.432, 95% CI:
0.224-0.832, Pyeng =0.007). After multivariate adjustment, a decrease of 1 standard deviation in FT3 was associated
with a 19.9% increased risk of VA (OR = 0.801, 95% CI: 0.651-0.984, P = 0.035) (Table 3). This result was consistent
with the findings from the restricted cubic spline regression analysis (Figure 4A). Furthermore, in subgroup analyses by
gender and age, we observed a progressive decrease in the OR with increasing FT3 levels. This trend appeared more
pronounced in elderly and female subgroups, although these analyses were limited by small event numbers and should be
interpreted with caution (Figure 4B—E). In the correlation analysis, FT3 was significantly positively correlated with body
mass index (BMI) (r = 0.16, P < 0.001), DBP (r = 0.12, P < 0.001), Hb (r = 0.36, P < 0.001), and FT4 (r = 0.24, P <
0.001). It was significantly negatively correlated with age (r = —0.34, P < 0.001), heart rate (r = —0.093, P < 0.001),
neutrophil percentage (r = —0.20, P < 0.001), and creatinine (r = —0.19, P < 0.001) (Figure 5A and B).

Discussion

Our study confirmed a VA incidence rate of 3.9% in AMI patients. In the Global Utilization of Streptokinase and t-PA for
Occluded Coronary Arteries I (GUSTO-I) trial, the occurrence rate of ventricular tachycardia/ventricular fibrillation (VT/VF)
in ST-elevation myocardial infarction (STEMI) patients was 10.2%, which was associated with early reperfusion therapy.>*
The STEMI management guidelines in 2017 also indicate that ventricular fibrillation incidence ranges between 6—10% in
STEMI patients, while atrial fibrillation prevalence may vary between 10-21%.?> The inconsistent phenomenon observed in
our study regarding the incidence of VA can be attributed to the following factors: (1) The severity of the underlying conditions
of the patients varies. Age and gender differences have an impact on the risk of VA occurrence; (2) The potential
antiarrthythmic effects of medications such as ACEI/ARBs and dapagliflozin used in patient management.

This investigation revealed a significant association between low free triiodothyronine (FT3) levels and VA risk after
AMI. While the thyroid primarily secretes thyroxine (T4), most circulating T3 derives from peripheral T4 conversion via
deiodinases. Elevated FT4 levels may promote cardiovascular disease (CVD) development, which subsequently reduces
deiodinase activity, establishing a positive correlation between FT4 and CVD but an inverse relationship with FT3.
Notably, FT3 has been identified as an independent predictor of all-cause and cardiovascular mortality in diabetic
populations.**2’

Emerging evidence suggests that hypothyroidism increases cardiovascular risk, particularly arrhythmia
susceptibility.”* >° Ton channel dysfunction represents a critical mechanism underlying arrhythmogenesis.*'** Clinical
case reports have documented hypothyroidism-induced Brugada-like electrocardiographic abnormalities.®® Furthermore,
population studies by Gussekloo et al demonstrated positive correlations between FT4 concentrations and all-cause
/cardiovascular mortality.>* In heart failure patients, Kannan et al identified FT4 levels as predictive of composite
endpoints including mortality and cardiac device implantation. Notably, early-stage hyperthyroidism and altered thyroid
set-point regulation may also contribute to ventricular arrhythmia risk.>> While thyroid hormone replacement therapy has
shown efficacy in reducing ischemic heart disease in hypothyroid patients,® existing research predominantly focuses on
global thyroid status or TSH levels, with limited exploration of FT3’s specific role in VA.
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Figure 3 Univariate and multivariate logistic regression analyses of population-wide risk of VA development. The horizontal coordinates represent Odds Ratios (OR), with
<| indicating a decrease in odds and > indicating an increase in odds.
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Table 3 FT3 Levels and Risk of VA in the Whole Population

FT3 (Range) Odds Ratio (95% CI) and P Value
Unadjusted Model | Model 2 Model 3
FT3 (per | S.D) (0.30-6.80) 0.626(0.527-0.745) | 0.674(0.558-0.814) | 0.794(0.647-0.975) | 0.801(0.651-0.984)
<0.001 <0.001 0.028 0.035
FT3 quartiles
Ql (0.30-3.60) 1.000 1.000 1.000 1.000
Reference Reference Reference Reference
Q2 (3.60—4.10) 0.536(0.342-0.841) | 0.576(0.365-0.910) | 0.728(0.450-1.176) | 0.736(0.455-1.190)
0.007 0.018 0.194 0.211
Q3 (4.104.63) 0.376(0.227-0.622) | 0.430(0.255-0.726) | 0.588(0.338—1.021) | 0.602(0.346—1.049)
<0.001 0.002 0.059 0.073
Q4 (4.63-6.80) 0.237(0.131-0.429) | 0.285(0.153-0.533) | 0.433(0.225-0.832) | 0.432(0.224-0.832)
<0.001 <0.001 0.012 0.012
P for trend <0.001 <0.001 0.006 0.007

Notes: Model | adjusted with age and gender; Model 2 adjusted with age, gender, and all variables with P < 0.05 in Table | except medication;
Model 3 adjusted with all variables in model 2 plus variables with P < 0.05 in medication before procedures.

Our analysis further demonstrated that AMI patients in the lowest FT3 quartile exhibited significantly elevated VA
risk. Each unit decrease in FT3 level was associated with a 19.9% increase in VA risk, with a numerically stronger
association observed in elderly and female patients, although the number of events in these subgroups was limited,
precluding definitive conclusions. However, this observation is only an assumption and needs to be verified in a larger
cohort in the future. The pathophysiological basis for this association involves multiple mechanisms.

Our research also found that the neutrophil percentage was strongly correlated with the level of FT3. The inflam-
matory response plays a key role in the process of AMI. The massive release of inflammatory factors may interfere with
the metabolic process of thyroid hormones. Previous studies have shown that long-term administration of interleukin-6
can significantly inhibit plasma FT3.>”*® Concurrently, the inflammatory state also affects the electrophysiological
properties of cardiomyocytes, thereby increasing the risk of ventricular arrhythmias.?**°

FT3 directly modulates cardiac ion channel function through genomic and non-genomic pathways. Experimental
evidence indicates FT3-mediated regulation of sarcoplasmic reticulum Ca”*-ATPase and phospholamban expression,*'
along with rapid modulation of sodium, potassium, and calcium channel kinetics.**** Hypothyroxinemia reduces
potassium channel expression, prolonging action potential duration and effective refractory period while enhancing
repolarization heterogeneity. This is a key mechanism in recurrent arrhythmias.*>*’ Notably, Barbara et al demonstrated
gender-specific impairment of myocardial electrical coupling protein connexin-43 (Cx43) expression in hypothyroidism,
particularly exacerbating asynchronous electrical activity and the susceptibility to torsade de pointes ventricular tachy-
cardia in female models.*®

FT3 plays a key regulatory role in mitochondrial bioenergetic metabolism by optimizing the tricarboxylic acid cycle
and enhancing oxidative phosphorylation.*'*** Under ischemic conditions, low FT3 levels impair ATP production,
compromising Na"/K"-ATPase function and calcium homeostasis. This metabolic crisis potentiates after depolarizations
and calcium overload, creating a pro-arrhythmic milieu. The precise interplay between thyroid hormone status and post-
ischemic ionic remodeling warrants further investigation.

These findings suggest that plasma FT3 may serve as a useful prognostic biomarker for identifying AMI patients at
higher risk of in-hospital ventricular arrhythmias. Patients with low FT3 levels represent a higher-risk subgroup who may
benefit from closer electrocardiographic monitoring during the acute phase. Further prospective studies are needed to
confirm these findings and to explore whether FT3-guided risk stratification can improve clinical outcomes in patients
with AMI. This study has several significant advantages, thereby enhancing the reliability and general applicability of the
research results. First, this study adopted a large-scale, multi-center, and prospective design, involving three clinical
centers and 3277 consecutive patients with acute myocardial infarction. Compared with previous single-center studies, it
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Figure 4 Relationship between FT3 levels and risk of VA in restricted cubic spline models in different groups. Odd ratios are indicated by the red line, and 95% Cl is
indicated by the shaded area derived from the three-node restricted cubic spline regression. The horizontal reference line shown as a dashed line indicates an odd ratio of
1.0, and the vertical reference line is the corresponding FT3 at this point in time. (A) Relationship between FT3 level and risk of VA incidence in the entire study cohort. (B)
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significantly reduced selection bias and improved external validity. Second, we applied advanced statistical methods,
including restricted cubic spline curves to describe the dose-response relationship, multiple imputation for missing data,
and pearson analysis. All of these enhanced the reliability of the research results.

Limitations

Despite these strengths, several limitations merit consideration. First of all, although this was a multicenter study, all
hospitals were within a single province in China, which may limit generalizability. Future multicenter studies in different
provinces with larger sample sizes are required to validate these results. Secondly, our study focused solely on in-hospital
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Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; FT3, free triiodothyronine; FT4, free thyroxine; Neu,
Neutrophil percentage; Hgb, hemoglobin; Cr, serum creatinine; UA, Uric acid.

outcomes, leaving the long-term prognostic implications of FT3 levels following hospital discharge unexplored. This
represents an important direction for subsequent research endeavors. Thirdly, although we have adjusted for key clinical
and laboratory confounding factors in the multivariate analysis, unmeasured variables such as unmeasured inflammatory
markers or unknown drugs that affect thyroid metabolism may still have residual confounding factors. Future studies
should include continuous measurements of these inflammatory and drug factors to minimize such biases.

Conclusions
This study confirmed a significant association between plasma FT3 levels and the risk of ventricular arrhythmias during
hospitalization in patients with myocardial infarction. Low FT3 levels are associated with an increased risk of VA in
patients with AMI.
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