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Abstract

Atrial fibrillation (AF) significantly increases stroke and mortality risk, and while high-sensitivity
Troponin I (hs-Tnl) is associated with AF in the general population, its predictive value in high-risk
groups is unclear. This study investigated whether baseline hs-Tnl predicts new-onset AF in patients
with pre-existing non-AF arrhythmias. This prospective, single-center, observational study involved
232 patients without a prior history of AF, who were followed for a median of 12 months. Baseline
hs-Tnl levels were measured, and a multivariate Cox proportional hazards regression model was
used to identify independent predictors of new-onset AF/Atrial Flutter (AFL). During follow-up, 16
cases (6.9%) of new-onset AF/AFL occurred. Although Kaplan-Meier analysis showed a trend, hs-Tnl
was not found to be an independent predictor in the multivariate model (HR=1.000, p=0.844).
Conversely, the risk of new-onset AF was strongly and independently predicted by Left Atrial (LA)
size (HR=1.27, p<0.001), a history of Diabetes Mellitus (HR=5.99, p=0.006), and a history of Stroke
(HR=10.18, p=0.032). In conclusion, baseline hs-Tnl does not independently predict the development
of new-onset AF in patients with non-AF arrhythmias. Risk stratification in this vulnerable
population should instead prioritize established structural changes (LA size) and major systemic
comorbidities (Diabetes Mellitus and prior Stroke).

Keywords: Atrial Fibrillation; high-sensitivity Troponin I (hs-Tnl); arrhythmia; risk prediction; left
atrial size

1. Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia, significantly increasing the
risk of stroke, heart failure, and death [1-3]. Early detection and risk stratification are crucial for
improving patient outcomes [4]. While various risk factors and biomarkers for AF have been
identified [5], their predictive value remains a subject of ongoing research, particularly in patients
already presenting with other forms of arrhythmia.

Troponin I (Tnl) is a well-established biomarker for myocardial injury and is central to the
diagnosis of acute coronary syndromes [6,7]. The development of high-sensitivity troponin I (hs-TnI)
assays has enabled the detection of even minute elevations in troponin levels, reflecting subtle
subclinical myocardial damage [6]. Recent studies have suggested that these low-level elevations of
hs-Tnl, even in the absence of acute ischemia, may be indicative of chronic atrial remodeling and
fibrosis - pathophysiological processes known to be fundamental to the development and
maintenance of AF [8,9].

Current literature has explored the association between elevated hs-Tnl and the incidence of
new-onset AF in the general population and in specific high-risk groups, such as patients with heart
failure or post-cardiac surgery [10-14]. Several studies have shown a positive correlation, with higher
baseline hs-Tnl levels being independently associated with a greater risk of developing AF [10,12-
15]. However, a significant gap remains in understanding the specific role of hs-Tnl as a prognostic
marker for the development of AF in a cohort of patients with pre-existing arrhythmias other than
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AF. This specific population is at an inherently higher risk for arrhythmia-related complications, and
a predictive biomarker could be invaluable for targeted monitoring and prophylactic strategies.

The primary objective of this study is to investigate the predictive value of high-sensitivity
Troponin I for the development of new-onset atrial fibrillation in patients with other existing
arrhythmias. By evaluating the relationship between baseline hs-Tnl levels and subsequent AF
events, this research aims to determine whether hs-Tnl can serve as a useful tool for early risk
stratification and guide management strategies for this vulnerable patient population.

2. Materials and Methods
Study Design and Setting

This was a prospective, single-center, observational cohort study designed to evaluate the
association between baseline high-sensitivity Troponin I (hs-Tnl) levels and the incidence of atrial
fibrillation (AF) in patients presenting with non-AF arrhythmias. The study protocol was reviewed
and approved by the Institutional Review Board (IRB) of The University of Medicine and Pharmacy
at Ho Chi Minh City, and all participants provided written informed consent prior to enrollment.
Study Population and Recruitment

Patients were recruited from the outpatient Arrhythmia Treatment Department clinics at Cho
Ray Hospital from December 2024 to June 2026.
Inclusion Criteria:

1. Adults aged 218 years.
2. Documented presence of a non-AF arrhythmia.
3. Ability to participate in the required follow-up schedule.

Exclusion Criteria:

1. Prior documented history of Atrial Fibrillation or Atrial Flutter.

2. Diagnosis of Acute Coronary Syndrome (ACS) [16] or revascularization within the preceding six
months.

3. Severe chronic kidney disease (estimated Glomerular Filtration Rate (eGFR)
<30 mL/min/1.73m2) [17].

4. Active systemic inflammatory disease or malignancy.

5. Life expectancy less than 12 months due to a non-cardiac condition.

Baseline Data Collection and hs-TnI Measurement

At the time of enrollment, comprehensive clinical data were collected, including demographics
(age, sex, BMI), cardiovascular risk factors (hypertension, diabetes mellitus, hyperlipidemia),
echocardiographic parameters (left atrial volume index, left ventricular ejection fraction), and
concurrent medications.

A blood sample was drawn from each patient at the time of the baseline visit. Serum hs-Tnl
concentration was measured using a validated high-sensitivity assay, specifically the Siemens
Centaur XPT High Sensitive Troponin-I assay. The lower limit of detection (LoD) for this assay is 1,6
ng/L, and the 99th percentile upper reference limit (URL) is 47,34 ng/L. Assays were performed in a
blinded fashion by laboratory personnel unaware of the patients’ clinical status.

Follow-up and Outcome Assessment

Participants were followed for 12 months during scheduled follow-up visits. At each follow-up
visit, patients underwent a physical examination, review of symptoms, and a 12-lead
electrocardiogram (ECG).

The Primary Outcome was the incidence of new-onset Atrial Fibrillation (AF) or Atrial Flutter
(AFL). AF/AFL was defined as any episode lasting for 230 seconds, documented by ECG, 24-hour
Holter monitoring, or continuous rhythm device interrogation (for patients with pre-existing
implanted devices) [18].
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Statistical Analysis

Continuous variables are presented as the mean + standard deviation (SD) for normally
distributed data or as the median and interquartile range (IQR) for non-normally distributed data.
Categorical variables are presented as counts and percentages. Comparisons between groups (e.g.,
patients who did versus did not develop AF) were performed using the Student's t-test or Mann-
Whitney U test for continuous variables and the Chi-squared test or Fisher's exact test for categorical
variables.

The primary analysis used Cox Proportional Hazards Regression to assess the predictive
relationship between baseline hs-Tnl levels and time to incident AF/AFL. Initial analysis included hs-
Tnl as a continuous variable after log-transformation, and subsequent analysis categorized hs-Tnl
based on the 99th percentile URL. The final multivariate model was adjusted for clinically relevant
confounders identified at baseline, including age, gender, left atrial volume index, and history of
heart failure or hypertension.

AF survival rates were estimated using Kaplan-Meier survival curves, and differences between
hs-Tnl groups were assessed using the Log-Rank Test. Proportional hazards assumptions were
verified using Schoenfeld residuals. A two-sided p-value of <0.05 was considered statistically
significant. All analyses were performed using R software version 4.5.1.

Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki and Good Clinical
Practice guidelines. The protocol was fully reviewed and approved by the Institutional Review Board
(IRB) of University of Medicine and Pharmacy at Ho Chi Minh City (Approval Number: Decision
No. 806/HDDD-DHYD dated September 22, 2023). All potential participants received a thorough
explanation of the study’s purpose, procedures, potential risks, and benefits. Written informed
consent was obtained from every participant before any study procedure commenced. Participants
were informed of their right to withdraw from the study at any time without affecting their medical
care.

To ensure confidentiality and anonymity, all patient data collected were coded with a unique
study ID. Personal identifying information was stored separately from clinical data in a secure,
password-protected database accessible only to the research team. Aggregate data were used for
publication. Furthermore, a plan was established for the appropriate clinical referral and
management of any incidental findings or clinically significant changes detected during the follow-
up period (e.g., highly elevated hs-Tnl values suggesting acute pathology or detection of life-
threatening arrhythmias).

3. Results

1. Baseline Characteristics of the Study Population

From an initial pool of 285 patients, the study enrolled 232 individuals. This was after excluding
41 patients with a history of atrial fibrillation (AF) and 12 patients with severe renal impairment
(eGFR < 30 ml/min/m?). The median follow-up period for the remaining patients was 12 months, with
an interquartile range (IQR) of 6.75 to 13 months.

The study included 232 patients, with a near-equal distribution of 124 males (53.4%) and 108
females (46.6%). The average age of the entire group was 63.7 years, with a median of 67. Females
were significantly older, with an average age of 67.5 years, compared to 60.4 years for males. Physical
characteristics also varied by gender. On average, males were taller (1.63 m) and heavier (61.4 kg)
than females (1.55 m and 53.3 kg, respectively). The group's average BMI was 22.5 kg/m?, which is
considered a healthy weight. Both systolic (129 mmHg) and diastolic (75.1 mmHg) blood pressure
readings were stable and within a healthy range. However, females tended to have slightly higher
blood pressure, which may be linked to their older average age. (Table 1)
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Table 1. General characteristics of 232 non-atrial fibrillation patients.

Total (n=232) Male (n=124) Female (n=108)

Mean+SD Median (IQR) Mean+SD Median (IQR) Mean+SD  Median (IQR)
Age (years) 63.7+14.0 67 (53-76) 60.4+16.7 67 (53-76) 60.4+16.7 70 (58-77)
Height (m) 1.59+0.09 1.60 (1.55-1.65) 1.63+0.05 1.60 (1.55-1.65) 1.63+0.05 1.55 (1.50-1.56)
Weight (kg) 57.7+10.5 58 (50-65) 61.4+10.2 58 (50-65) 61.4+10.2 53 (48-60)
BMI (kg/m?) 22.5+3.34 22.4 (20.4-24.1) 22.8+3.27 22.4 (20.4-24.1) 22.8+3.27 22.1 (20.0-23.6)
Systolic BP (mmHg) 129+19.6 130 (120-140) 128+20.5 130 (120-140) 128+20.5 130 (120-140)
Diastolic BP

75.1£10.2 74.5 (70-80) 74.2+10.9 74.5 (70-80) 74.2+¢10.9 80 (70-80)
(mmHg)

Hypertension was the most common cardiovascular risk factor, affecting 59.0% of patients.
Dyslipidemia (40.5%) and diabetes mellitus (22.0%) were also prevalent. A significant portion of the
patients also had a history of heart failure (18.0%), coronary artery disease (13.4%), and chronic
kidney disease (10.3%). The most frequent symptoms upon presentation were syncope (59.9%) and
dizziness (55.6%), each reported by over half of the patients. (Figure 1, Table 2)

Past medical history and cardiovascular risk factors of 232 non-atrial
fibrillation arrhythmia patients participating in the study
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Figure 1. Past medical history and cardiovascular risk factors of 232 non-atrial fibrillation arrhythmia patients

participating in the study.

Table 2. Presenting symptoms at admission of non-atrial fibrillation arrhythmia patients (n=232).

Symptom Frequency (n)Percentage (%)
Syncope 139 59.9
Dizziness 129 55.6
Dyspnea (Shortness of breath) 51 21.9
Palpitations 32 13.8
Fatigue 32 13.8
Chest pain 27 11.6
Chest tightness 10 4.31
Lightheadedness/Giddiness/Presyncope 10 4.31
Weakness 7 3.01

Other (difficulty swallowing, hand tremors, slow and difficult speech,
abdominal pain, vomiting, hiccups, leg edema, breathlessness, numbness in 12 5.17
limbs, pacemaker battery depletion)
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2. Laboratory and Paraclinical Findings

The median (interquartile range) hs-Tnl concentration in the study patient group was 16.1 (4.54-
90.0) pg/mL. The histogram illustrates the distribution of high-sensitivity troponin I (hs-Tnl)
concentrations in a study of 232 non-AF arrhythmia patients (Figure 2). The data shows a heavily
skewed distribution, with a large number of patients having very low hs-Tnl levels. A significant
portion of the patients (80 individuals) had hs-Tnl concentrations above the 99th percentile cutoff
(47.34 pg/mL), which is highlighted in the figure. This indicates that a substantial number of patients
in this study cohort had elevated hs-Tnl levels, which may warrant further investigation to determine
the clinical implications of these findings.

Distribution of hs-Tnl concentrations (pg/mL) in 232 non-AF
arrhythmia patients participating in the study

90 80 patients with hs-Tnl concentrations greater than the 99th
percentile value (47.34 pg/mL)
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Figure 2. Histogram of the distribution of hs-Tnl concentration levels in 232 non-AF arrhythmia patients
participating in the study.

Other lab results for the patients were largely normal. Kidney function was well-preserved, with
a median creatinine of 0.87 mg/dL and a median eGFR of 83.9 mL/min/1.73m2 Lipid levels
(cholesterol, LDL, HDL, and triglycerides) were also within the average range. Echocardiogram
results showed that the patients' overall heart function was preserved, with a median left atrial size
of 31 mm and a median ejection fraction of 65%. (Table 3)

Table 3. Selected laboratory and echocardiographic parameters of the study group.

N =232 Median (IQR)
Laboratory tests

HGB (g/L) 128 (116-138)
HCT (%) 38.5 (35.2-41.1)
WBC (G/L) 8.20 (6.75-10.2)
PLT (G/L) 192 (138-241)
INR 1.04 (1.01-1.11)
Creatinine (mg/dL) 0.87 (0.75-1.03)
eGFR (mL/min/1.73m?) 83.9 (64.3-96.7)
Free T4 (pg/mL) 12.3 (11.0-13.4)
TSH (mIU/L) 1.41 (0.80-2.23)
Cholesterol (mg/dL) 163 (133-191)
HDL-Cholesterol (mg/dL) 41 (35-49)
LDL-Cholesterol (mg/dL) 96 (72-124)
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Triglyceride (mg/dL) 136 (94-187)
Echocardiography

LA (mm) 31 (28-35)
EF (%) 65 (57-71)
EDV (mL) 102 (85-129)
ESV (mL) 36 (28-51)
LVEDD (mm) 47 (44-52)
LVESD (mm) 30 (27-34)

3. Atrial Fibrillation Status After Follow-up

After a median follow-up period of 12 months, 16 cases (6.9%) of new-onset atrial fibrillation
developed among the 232 baseline patients.

The Kaplan-Meier curve demonstrated a gradual increase in the cumulative incidence of AF
over time, reaching nearly 10% after 12 months. The 95% confidence intervals were narrow initially
but widened progressively, indicating that the precision of the estimate decreased as the number of
remaining patients diminished. The patient count declined significantly over time: from 232 at
baseline to just 19 at 17 months, due to events or loss to follow-up. (Figure 3)
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Figure 3. Kaplan-Meier curve showing cumulative probability of atrial fibrillation over time.

4. Role of hs TnI and Predictors of Atrial Fibrillation

From the initial 232 patients without atrial fibrillation (AF), 16 cases of new-onset AF were
observed. The baseline hs-Tnl concentration (pg/mL) in these 16 cases was a median (IQR) of 40.3
(4.61-98.9). This was higher, but not statistically significant, compared to the 216 patients who did not
develop AF, whose median (IQR) was 16.5 (4.63-85.5), with a p-value of 0.205 using the Wilcoxon
rank-sum test.

The Kaplan-Meier curves show a clear trend: higher hs-Tnl levels, categorized by quartiles, are
associated with an increased risk of new-onset atrial fibrillation (AF). The highest quartile had a
significantly higher cumulative event rate, reaching about 15% by 12 months. In contrast, the lowest
quartiles had very few events throughout the study. The third quartile showed a moderate increase
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in events, but their rate was still much lower than the highest quartile. Despite this clear trend, the
association was not statistically significant, with a p-value of 0.07. (Figure 4)
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Figure 4. Comparison of Kaplan-Meier curves for new-onset atrial fibrillation cases by initial hs-Tnl quartile.

After analyzing several variables, a multivariate Cox proportional hazards regression model
identified three independent predictors for the risk of developing atrial fibrillation (AF):

o  Left Atrial (LA) Size: This was the most significant predictor (HR = 1.27, p < 0.001). The risk of
AF increased with every millimeter increase in left atrial size.

e  History of Diabetes Mellitus: Patients with a history of diabetes were at a nearly 6-fold higher
risk of developing AF (HR =5.99, p = 0.006).

e  History of Stroke: This was a strong risk factor, increasing the risk of AF more than 10-fold for
those with a prior stroke (HR =10.18, p = 0.032).

Other factors, including NT-proBNP, age, sex, hypertension, heart failure, and eGFR, were not
found to be statistically significant predictors of AF risk in this model. While a history of myocardial
infarction showed a high hazard ratio (HR = 5.12), it did not meet the threshold for statistical
significance (p = 0.094). (Table 4)

Table 4. Multivariate Cox regression model assessing the influence of factors on atrial fibrillation risk.

Variable HR (95% CI) p-value
NT-proBNP 0.9995 (0.9968 —1.002) 0.717
Hs Tnl 1.0001 (0.9995 —1.001) 0.844
Age 1.0199 (0.9804 — 1.061) 0.327
Sex 0.9672 (0.3222 - 2.904) 0.952
Hypertension 0.4142 (0.1154 — 1.486) 0.176
Diabetes Mellitus 5.9852 (1.6574 — 21.614) 0.00631
Heart failure 0.5631 (0.1724 - 1.839) 0.341
LA 1.2708 (1.1652 — 1.386) <0.001
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eGFR 1.0107 (0.9827 — 1.039) 0.458
Sick sinus syndrome 2.6829 (0.8013 — 8.983) 0.109
Dyslipidemia 1.1229 (0.2438 — 5.171) 0.8818
Chronic kidney disease 0.8183 (0.0688 — 9.723) 0.8738
History of stroke 10.1755 (1.2161 — 85.139) 0.0323
History of Myocardial Infarction 5.1160 (0.7564 — 34.600) 0.0942

4, Discussion

The primary objective of this prospective, single-center study was to investigate the predictive
value of baseline hs-Tnl for the development of new-onset AF in a vulnerable cohort of 232 patients
presenting with other non-AF arrhythmias. Our central hypothesis was that elevated hs-Tnl levels,
reflecting subclinical myocardial injury and remodeling, would be independently associated with a
higher risk of incident AF during the 12-month follow-up.

While 16 cases (6.9%) of new-onset AF were observed, and initial Kaplan-Meier analysis showed
a notable trend - the highest hs-Tnl quartile had a cumulative AF rate of approximately 15%
compared to near-zero rates in the lowest quartiles - this association did not reach statistical
significance in the adjusted Cox regression model (p = 0.844). Instead, the multivariate analysis
revealed three strong, independent predictors of new-onset AF: Left Atrial (LA) size (HR=1.27, p <
0.001), History of Diabetes Mellitus (HR = 5.99, p = 0.006), and History of Stroke (HR =10.18, p =
0.032).

Our findings both align with and diverge from established literature regarding AF prediction.
The high predictive power of LA size is consistent with numerous studies recognizing left atrial
enlargement as the single strongest morphological substrate for AF due to increased wall stress,
fibrosis, and conduction heterogeneity [19-23]. Similarly, the significant hazard ratios observed for
Diabetes Mellitus (HR = 6) and History of Stroke (HR = 10) reinforce their roles as powerful systemic
and embolic risk factors, likely mediated through mechanisms such as diabetic cardiomyopathy and
atrial stunning post-stroke [24-31].

Conversely, our result showing no statistically significant independent association between
baseline hs-Tnl and incident AF contrasts with several large population studies that reported a clear
link between even low-level troponin elevation and future AF risk. For instance, some studies found
hs-Tnl to be an independent predictor in cohorts with heart failure or general cardiovascular disease
[10,12,13,15]. The disparity in our results, however, may be partially explained by the specific nature
of our cohort—patients with pre-existing, often symptomatic, non-AF arrhythmias. This patient
group likely already harbors a high baseline burden of atrial remodeling that might override the
incremental prognostic value of a single baseline hs-Tnl measurement over a short follow-up period.

The strong, albeit non-significant, trend observed in the Kaplan-Meier analysis (Figure 4)
suggests that while hs-Tnl may reflect underlying pathology, its predictive utility in this specific high-
risk arrhythmia cohort is eclipsed by established structural (LA size) and systemic (Diabetes, Stroke)
risk factors.

The model’s preference for LA size and Diabetes as predictors suggests that the final common
pathway to new-onset AF in this group is dominated by advanced atrial remodeling. A key
hypothesis emerging from this work is the potential role of dynamic troponin changes. While baseline
hs-Tnl may capture static myocardial health, a new model could investigate whether the rate of
change or serial measurements of hs-Tnl over time better reflect rapid or progressive atrial injury that
precipitates AF. In this already compromised population, small, acute spikes in hs-Tnl may be more
relevant than a single baseline value.

Furthermore, the non-significant but notable high Hazard Ratio for History of Myocardial
Infarction (HR = 5.1, p = 0.094) suggests that with a larger sample size, this factor, which is clearly
linked to myocardial stress and fibrosis, may reach significance, supporting a broader mechanism of
global myocardial strain leading to AF.
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Our findings have crucial implications for the risk stratification of patients presenting with non-
AF arrhythmias. The results strongly suggest that risk assessment should be driven primarily by
structural parameters, particularly LA size, and major cardiovascular comorbidities like Diabetes and
prior Stroke. Clinicians should aggressively screen for AF in arrhythmia patients who present with
any of these three factors. Given the 10-fold increased risk associated with a history of stroke,
enhanced and continuous rhythm monitoring (e.g., implantable loop recorders) is warranted in this
specific subset to prevent recurrent stroke.

While hs-Tnl did not emerge as an independent predictor in this specific model, the finding that
80 patients (over one-third of the cohort) had hs-Tnl levels above the 99th percentile cutoff is clinically
relevant, indicating a high prevalence of subclinical myocardial injury in patients with non-AF
arrhythmias. This underscores the need to address underlying cardiovascular comorbidities
vigorously, even if the troponin value itself does not independently predict AF in this model.

This study possesses several strengths, including its prospective cohort design and the focus on
a highly specific, high-risk patient population (non-AF arrhythmia patients). We used a validated
high-sensitivity assay for hs-Tnl and employed a robust multivariate Cox regression model adjusted
for major confounders. The clear exclusion of patients with pre-existing AF and severe renal
impairment (eGFR<30 ml/min/m2) ensures a purer assessment of new-onset AF risk.

The study also has limitations. First, the sample size was relatively small (N = 232), and the
number of incident AF events was low (n=16), which may have contributed to the borderline
statistical significance observed for variables like hs-Tnl and Myocardial Infarction history. Second,
the median follow-up period was relatively short (12 months), meaning late-onset AF may have been
missed. Third, the diagnosis of AF relied primarily on scheduled follow-up ECGs and Holter
monitoring, potentially missing asymptomatic, paroxysmal AF episodes between visits. Lastly, the
study’s single-center origin may limit the generalization of the findings to more diverse populations

5. Conclusions

In this prospective cohort of patients with non-AF arrhythmias, baseline hs-Tnl was not found
to be an independent predictor of new-onset atrial fibrillation (AF) during the 12-month follow-up
period. Instead, the risk of developing AF was overwhelmingly predicted by established clinical and
structural factors. Specifically, Left Atrial (LA) size, a History of Diabetes Mellitus, and a History of
Stroke emerged as powerful, independent predictors of incident AF.

These findings suggest that in patients already presenting with other arrhythmias - a population
likely to have significant underlying atrial pathology - risk stratification for future AF should
prioritize structural changes and major comorbidities over a single baseline measurement of hs-Tnl.
Clinically, aggressive screening and management strategies should be focused on arrhythmia
patients exhibiting LA enlargement, diabetes, or a history of stroke to mitigate the substantial
associated AF risk.
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Abbreviations

The following abbreviations are used in this manuscript:

AF Atrial Fibrillation

AFL Atrial Flutter

ACS Acute Coronary Syndrome

BMI Body Mass Index

ECG Electrocardiogram

eGFR Estimated Glomerular Filtration Rate

EF Ejection Fraction

HR Hazard Ratio

hs-Tnl High-Sensitivity Troponin I

IQOR Interquartile Range

IRB Institutional Review Board

LA Left Atrial

LoD Lower Limit of Detection

SD Standard Deviation

URL Upper Reference Limit
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