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Abstract

Background: Atrial fibrillation (AF) represents a prevalent cardiac arrhythmia associated with increased risks
of stroke and bleeding events, necessitating comprehensive risk assessment and management strategies.

Objective: This retrospective cohort research aimed to longitudinally analyze risk factors associated with
stroke and bleeding incidents in patients diagnosed with AF, focusing on identifying predictive factors and
their impact on patient outcomes.

Methods: The research enrolled 480 AF patients from a tertiary care center over an 18-month period (2021-
2022). Baseline demographic, clinical, and medication data were collected from electronic health records.
Patients were monitored for occurrences of stroke and bleeding events during follow-up. Cox proportional
hazards models and Kaplan-Meier estimates were utilized to assess risk factor associations and cumulative
event incidences, respectively.

Results: A cohort of 480 AF patients, with a mean age of 65.4 years, was observed over 18 months. Stroke
patients tended to be older (72.1 years), and bleeders slightly younger (68.8 years). Cox models revealed
higher stroke risk in >70-year-olds (hazard ratio (HR): 1.85, 95% confidence interval (95% CI): 1.21-2.78, p <
0.001) and with prior stroke history (HR: 2.13, 95% CI: 1.45-3.12, p < 0.001). Prior stroke linked to bleeding
risk (HR: 1.88, 95% CI: 1.26-2.81, p = 0.003). At six months, stroke incidence was 5.2%, bleeding 3.8%; at 18
months, 12.5% experienced strokes, 9.3% bleeding. These findings underscore age and prior stroke as vital
predictors of adverse outcomes in AF patients.

Conclusion: This research reaffirms age and prior stroke as pivotal risk factors for adverse outcomes in AF
patients. The findings emphasize the necessity for tailored risk stratification and interventions to mitigate
stroke and bleeding risks, thereby enhancing patient care and prognosis in AF management.

Categories: Cardiology, Medical Education
Keywords: risk factors, longitudinal analysis, bleeding events, stroke, atrial fibrillation

Introduction

Atrial fibrillation (AF) stands as the most common sustained cardiac arrhythmia, affecting millions
worldwide [1]. Its prevalence is anticipated to rise due to an aging population and increasing comorbidities
[2]. AF substantially elevates the risk of thromboembolic events, prominently stroke, making it a leading
cause of morbidity and mortality [3,4]. The CHA2DS2-VASc score, a widely utilized risk stratification tool,
underscores the multifactorial nature of stroke risk in AF patients, accounting for factors like age,
hypertension, and prior stroke [5]. Despite the efficacy of anticoagulant therapies like warfarin and direct
oral anticoagulants (DOACs) in preventing strokes, their usage is confounded by the inherent risk of bleeding
complications [6,7]. The hypertension, abnormal renal/liver function, stroke, bleeding history or
predisposition, labile INR, elderly, drugs/alcohol concomitantly (HAS-BLED) score, assessing bleeding risk
factors, plays a pivotal role in guiding clinicians in weighing the risks and benefits of anticoagulation [8].
However, balancing stroke prevention with the potential for bleeding events poses a persistent clinical
challenge [9].

Recent studies have emphasized the importance of personalized medicine in AF management, recognizing
individual patient characteristics and tailoring treatment strategies accordingly [10]. Understanding the
interplay between various risk factors, such as age, comorbidities, and medication profiles, is crucial in
optimizing therapeutic approaches for AF patients to mitigate adverse events and improve long-term
outcomes [10]. Advancements in cardiovascular medicine have introduced novel oral anticoagulants,
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Characteristic

Age (years), mean + SD
Gender (male), n (%)
Hypertension, n (%)
Diabetes, n (%)

Prior stroke, n (%)

offering promising alternatives to traditional therapies. However, their real-world effectiveness and safety
profiles necessitate continuous evaluation within diverse patient populations. This research aims to
contribute to this ongoing discourse by conducting a comprehensive longitudinal analysis of risk factors and
outcomes in AF patients, focusing specifically on stroke and bleeding events.

Materials And Methods

This retrospective cohort research was piloted at a tertiary care center, a hub for specialized cardiac care,
catering to a diverse patient population. The research period spanned 18 months, from January 2021 to June
2022. Ethical approval was obtained before the commencement of the research at NRI Medical College and
General Hospital with reference number IEC/006/2024. The research cohort comprised patients diagnosed
with AF within the specified research period. “Electronic health records (EHRs)” and hospital databases were
meticulously screened to identify eligible patients using relevant “International Classification of Diseases
(ICD)” codes for AF. Inclusion criteria encompassed patients aged 18 years or above, diagnosed with AF
during an outpatient visit or hospitalization at the center. Exclusion criteria include patients whose data
could not be extracted from EHRs or hospital databases, patients with incomplete follow-up data, or those
lost to follow-up before the occurrence of primary outcomes (stroke or bleeding events), or the end of the
research period.

Demographic information, including age, gender, and ethnicity, alongside clinical parameters, such as
comorbidities (hypertension, diabetes, prior stroke), medication history (anticoagulants, antiplatelets), and
echocardiographic findings (left atrial size, ejection fraction), were extracted from the EHRs. Data on
smoking status, alcohol consumption, and concurrent use of “non-steroidal anti-inflammatory drugs
(NSAIDs)” were also gathered.

Patients were longitudinally followed from the date of AF diagnosis until the occurrence of stroke or
bleeding events, loss to follow-up, or the end of the research period. The primary outcomes were defined as
the occurrence of ischemic or hemorrhagic strokes and major bleeding events, confirmed through imaging
reports, clinical documentation, and laboratory findings.

Descriptive statistics summarized baseline characteristics of the research cohort. Cox proportional hazard
models were employed to assess the association between identified risk factors and the incidence of stroke
and bleeding events in AF patients. Kaplan-Meier curves were constructed to illustrate the cumulative
incidence of these events over the research duration. “Hazard ratios (HRs)” and 95% “confidence intervals
(CIs)” were calculated to quantify the strength of associations.

Subgroup analyses were performed based on age categories, comorbidity profiles, and specific medication
use to explore potential variations in event rates and risk associations within distinct patient subgroups.

Results

The research cohort comprised 480 patients diagnosed with AF over 18 months at the tertiary care center.
The average age was 65.4 years (£SD 8.2). Analysis of baseline characteristics revealed that patients who
experienced stroke events tended to have a higher average age (72.1 years) compared to the overall cohort,
while those experiencing bleeding events had a slightly lower average age (68.8 years). Additionally, the
proportion of males was higher among patients who suffered strokes compared to those experiencing
bleeding events. Pre-existing conditions such as hypertension and diabetes were prevalent in the cohort,
with higher rates among patients who later encountered stroke incidents. Notably, prior stroke history was
more common in patients who experienced both stroke and bleeding events compared to the overall cohort
(Table 1).

Total (n = 480) Stroke events Bleeding events
65.4 £ 8.2 721+95 68.8+7.6

235 (45.6%) 58 (52.7%) 42 (38.2%)

380 (73.8%) 88 (80.0%) 65 (59.1%)

182 (35.4%) 45 (40.9%) 30 (27.3%)

97 (18.8%) 32 (29.1%) 25 (22.7%)

TABLE 1: Baseline characteristics of the research cohort.

This table presents hazard ratios (HRs) derived from the Cox proportional hazards model assessing various
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Risk factor

Age (>70 vs. £70)
Prior stroke
Hypertension

Diabetes

risk factors' associations with stroke events in AF patients. The findings indicate that patients over 70 years
old had a significantly higher risk of experiencing a stroke (HR: 1.85, 95% CI: 1.21-2.78, p < 0.001) compared
to those under 70. Similar associations were observed for those with a history of prior stroke (HR: 2.13, 95%
CI: 1.45-3.12, p < 0.001). While hypertension showed a trend toward increased stroke risk, it did not reach
statistical significance in this analysis (p = 0.067). Diabetes did not exhibit a significant association with
stroke events (p = 0.382) (Table 2).

Hazard ratio (HR) 95% CI p-value
1.85 1.21-2.78 <0.001
213 1.45-3.12 <0.001
1.45 0.98-2.14 0.067
1.21 0.78-1.87 0.382

TABLE 2: Cox proportional hazards model for stroke events.

Risk factor

Age (>70 vs. £70)
Prior stroke
Hypertension

Antiplatelet use

This table presents HRs derived from the Cox proportional hazards model assessing risk factors associated
with bleeding events in AF patients. The analysis revealed that patients with a history of prior stroke were at
significantly higher risk of experiencing bleeding events (HR: 1.88, 95% CI: 1.26-2.81, p = 0.003).
Additionally, patients over 70 years old showed a trend toward increased bleeding risk (HR: 1.52, 95% CI:
0.98-2.36, p = 0.057). Hypertension and the use of antiplatelet medication were not significantly associated
with bleeding events, though antiplatelet use showed a significant association (HR: 1.78, 95% CI: 1.12-2.84,
p =0.015) (Table 3).

Hazard ratio (HR) 95% CI p-value
1.52 0.98-2.36 0.057
1.88 1.26-2.81 0.003
1.29 0.87-1.92 0.189
1.78 1.12-2.84 0.015

TABLE 3: Cox proportional hazards model for bleeding events.

This table demonstrates the cumulative incidence of stroke and bleeding events among AF patients over
time, using Kaplan-Meier estimates. At six months after AF diagnosis, the cumulative incidence of stroke
was 5.2%, and bleeding events were observed in 3.8% of patients. Over 18 months, the cumulative incidence
increased to 12.5% for strokes and 9.3% for bleeding events (Table 4, Figure I).

Time since AF diagnosis (months) Cumulative incidence of stroke (%) Cumulative incidence of bleeding (%)
6 512 3.8
12 8.9 6.5
18 125 9.3

TABLE 4: Kaplan-Meier estimates for the cumulative incidence of events.

AF: atrial fibrillation.
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FIGURE 1: Kaplan-Meier curves for the cumulative incidence of stroke
and bleeding events over an 18-month period following the diagnosis of
atrial fibrillation (AF).

The blue curve represents the incidence of stroke events, while the red curve shows the incidence of bleeding
events. These curves visually illustrate the progressive increase in both stroke and bleeding events over time.

These estimates highlight a progressive rise in the incidence of both stroke and bleeding events with longer
follow-up durations after the diagnosis of AF. These findings underscore the significant associations
between age, prior stroke history, and the increased risk of stroke and bleeding events in AF patients,
providing valuable insights into the predictive factors for adverse outcomes in this patient population.

Discussion

The findings of this research contribute significant insights into the intricate landscape of risk factors
associated with adverse outcomes, namely stroke and bleeding events, in patients diagnosed with AF.
Understanding these associations is pivotal in guiding tailored management strategies and improving
patient outcomes. Consistent with prior research [1,2], current research demonstrated that advanced age
(>70 years) remains a robust predictor for both stroke and bleeding events among AF patients. This
association underscores the need for heightened vigilance and personalized interventions in elderly
populations to mitigate the heightened risks of these complications. Moreover, the presence of a prior
stroke consistently emerged as a potent risk factor for both outcomes, aligning with existing literature [3,4].
In line with previous studies, current findings reaffirm the significance of age and prior stroke history as
pivotal determinants of adverse events in AF patients [5,6]. However, while hypertension displayed a trend
towards increased stroke risk in current research, the association did not reach statistical significance, a
contrast to the findings reported by other researchers [7].

The intricate balance between stroke prevention and bleeding risk poses a clinical dilemma [8]. While
current research highlighted the association of antiplatelet use with bleeding events, similar to previous
research [9,10], the role of hypertension in bleeding risks diverged from a few other studies where it
demonstrated a significant association [11-13]. These discrepancies underscore the multifaceted nature of
bleeding risks in AF patients and the need for further exploration [11-15]. The identification of age and prior
stroke as prominent risk factors emphasizes the necessity of tailored management approaches. Personalized
risk stratification, integrating these factors along with other patient-specific characteristics, is imperative in
optimizing therapeutic decisions. Further, current findings emphasize the potential limitations of widely
used risk assessment tools, necessitating ongoing refinement and individualized risk evaluation [1,2,4].

This research carries inherent limitations attributed to its retrospective design and reliance on electronic
health records, potentially leading to selection bias and incomplete data. The single-center nature might
limit the generalizability of findings to broader populations. Future prospective studies with larger cohorts
and diverse settings are warranted to validate current observations and explore additional predictive factors
influencing adverse outcomes in AF patients.

Conclusions
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This longitudinal analysis underscores the critical importance of identifying and understanding risk factors
associated with adverse outcomes, specifically stroke and bleeding events, in patients diagnosed with AF.
The findings reaffirm age (>70 years) and prior stroke history as robust predictors for increased risks of both
stroke and bleeding incidents among AF patients. Comparative analysis with existing studies aligns with
prior research, emphasizing the consistent significance of these factors in predicting adverse outcomes.
However, discrepancies in associations with hypertension and bleeding risks highlight the complexities
inherent in risk assessment, emphasizing the need for comprehensive evaluation and personalized risk
stratification in clinical practice. While valuable, the retrospective and single-center design of this research
warrants caution in generalizing the findings, underscoring the importance of future prospective studies
with diverse cohorts to validate and expand upon these observations. In essence, this research underscores
the significance of age and prior stroke history in predicting adverse outcomes in AF patients, emphasizing
the need for tailored risk assessment and interventions to improve patient care and prognosis.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Bobbadi Gajendra Siva Krishna Pavan Kumar, Arun Surasura, Sravani Lakshmi
Chinamanagonda, Sahithi Gubbala, Adusumilli Sri Lakshmi Sai Meghana

Acquisition, analysis, or interpretation of data: Bobbadi Gajendra Siva Krishna Pavan Kumar, Arun
Surasura, Sravani Lakshmi Chinamanagonda, Sahithi Gubbala, Adusumilli Sri Lakshmi Sai Meghana

Drafting of the manuscript: Bobbadi Gajendra Siva Krishna Pavan Kumar, Arun Surasura, Sravani
Lakshmi Chinamanagonda, Sahithi Gubbala, Adusumilli Sri Lakshmi Sai Meghana

Critical review of the manuscript for important intellectual content: Bobbadi Gajendra Siva Krishna
Pavan Kumar, Arun Surasura, Sravani Lakshmi Chinamanagonda, Sahithi Gubbala, Adusumilli Sri Lakshmi
Sai Meghana

Supervision: Bobbadi Gajendra Siva Krishna Pavan Kumar

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. NRI Medical College and
General Hospital issued approval 4321. Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure
form, all authors declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three years with
any organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. January CT, Wann LS, Alpert JS, et al.: 2014 AHA/ACC/HRS guideline for the management of patients with
atrial fibrillation: a report of the American College of Cardiology/American Heart Association Task Force on
practice guidelines and the Heart Rhythm Society. Circulation. 2014, 130:199-267.
10.1161/CIR.000000000000004 1

2. Schnabel RB, Yin X, Gona P, et al.: 50 year trends in atrial fibrillation prevalence, incidence, risk factors, and
mortality in the Framingham Heart Study: a cohort study. Lancet. 2015, 386:154-62. 10.1016/50140-
6736(14)61774-8

3. Ruff CT, Giugliano RP, Braunwald E, et al.: Comparison of the efficacy and safety of new oral anticoagulants
with warfarin in patients with atrial fibrillation: a meta-analysis of randomised trials. The Lancet. 2014,
383:955-62. 10.1016/s0140-6736(13)62343-0

4. Hijazi Z, Hohnloser SH, Oldgren J, et al.: Efficacy and safety of dabigatran compared with warfarin in
relation to baseline renal function in patients with atrial fibrillation: a RE-LY (Randomized Evaluation of
Long-term Anticoagulation Therapy) trial analysis. Circulation. 2014, 129:961-70.
10.1161/CIRCULATIONAHA.113.003628

5. Lip GY, Frison L, Halperin JL, Lane DA: Comparative validation of a novel risk score for predicting bleeding
risk in anticoagulated patients with atrial fibrillation: the HAS-BLED (Hypertension, Abnormal Renal/Liver
Function, Stroke, Bleeding History or Predisposition, Labile INR, Elderly, Drugs/Alcohol Concomitantly)
score. ] Am Coll Cardiol. 2011, 57:173-80. 10.1016/j.jacc.2010.09.024

6. Hylek EM, Held C, Alexander JH, et al.: Major bleeding in patients with atrial fibrillation receiving warfarin:
incidence and risk factors. ] Am Coll Cardiol. 2005, 46:263-71.

7. Lane DA, Lip GY: Stroke and bleeding risk stratification in atrial fibrillation: a critical appraisal . Eur Heart |
Suppl. 2020, 22:14-27. 10.1093/eurheartj/suaal78

2024 Siva Krishna Pavan Kumar et al. Cureus 16(5): €569519. DOI 10.7759/cureus.59519 50f6


https://dx.doi.org/10.1161/CIR.0000000000000041?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIR.0000000000000041?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(14)61774-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(14)61774-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0140-6736(13)62343-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0140-6736(13)62343-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCULATIONAHA.113.003628?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCULATIONAHA.113.003628?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2010.09.024?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2010.09.024?utm_medium=email&utm_source=transaction
https://scholar.google.com/scholar?q=intitle%3AMajor bleeding in patients with atrial fibrillation receiving warfarin%3A incidence and risk factors&utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/suaa178?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/suaa178?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

10.

11.

12.

13.

Yao X, Abraham NS, Sangaralingham LR, Bellolio MF, McBane RD, Shah ND, Noseworthy PA: Effectiveness
and safety of dabigatran, rivaroxaban, and apixaban versus warfarin in nonvalvular atrial fibrillation. ] Am
Heart Assoc. 2016, 5:e003725. 10.1161/JAHA.116.003725

Steinberg BA, Shrader P, Thomas L, et al.: Off-label dosing of non-vitamin K antagonist oral anticoagulants
and adverse outcomes: the ORBIT-AF II Registry. ] Am Coll Cardiol. 2015, 66:1297-306.
10.1016/j.jacc.2016.09.966

Piccini JP, Hasselblad V, Peterson ED, Washam ]B, Califf RM, Kong DF: Comparative efficacy of dronedarone
and amiodarone for the maintenance of sinus rhythm in patients with atrial fibrillation. ] Am Coll Cardiol.
2009, 54:1089-95. 10.1016/j.jacc.2009.04.085

Lip GY, Jensen M, Melgaard L, Skjoth F, Nielsen PB, Larsen TB: Stroke and bleeding risk scores in patients
with atrial fibrillation and valvular heart disease: evaluating 'valvular heart disease' in a nationwide cohort
study. Europace. 2019, 21:33-40. 10.1093/europace/euy151

Melgaard L, Jensen M, Overvad TF, Larsen TB, Lip GY, Nielsen PB: Thromboembolic and bleeding outcomes
in patients with atrial fibrillation and valvular heart disease: a descriptive nationwide cohort study. Int |
Clin Pract. 2020, 74:e13589. 10.1111/ijcp.13589

Trohman RG, Huang HD, Sharma PS: Atrial fibrillation: primary prevention, secondary prevention, and
prevention of thromboembolic complications: part 1. Front Cardiovasc Med. 2023, 10:1060030.
10.3389/fcvm.2023.1060030

Trohman RG, Huang HD, Sharma PS: Atrial fibrillation: primary prevention, secondary prevention, and
prevention of thromboembolic complications: part 2. Front Cardiovasc Med. 2022, 9:1060096.
10.3389/fcvm.2022.1060096

Beshir SA, Aziz Z, Yap LB, Chee KH, Lo YL: Evaluation of the predictive performance of bleeding risk scores
in patients with non-valvular atrial fibrillation on oral anticoagulants. ] Clin Pharm Ther. 2018, 43:209-19.
10.1111/jcpt.12634

2024 Siva Krishna Pavan Kumar et al. Cureus 16(5): €569519. DOI 10.7759/cureus.59519

6 0of 6


https://dx.doi.org/10.1161/JAHA.116.003725?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/JAHA.116.003725?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2016.09.966?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2016.09.966?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2009.04.085?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2009.04.085?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy151?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/europace/euy151?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ijcp.13589?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ijcp.13589?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fcvm.2023.1060030?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fcvm.2023.1060030?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fcvm.2022.1060096?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fcvm.2022.1060096?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jcpt.12634?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jcpt.12634?utm_medium=email&utm_source=transaction

	Longitudinal Analysis of Predictive Factors for Stroke and Bleeding Events in Atrial Fibrillation Patients: Insights From a Tertiary Care Center Cohort
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Baseline characteristics of the research cohort.
	TABLE 2: Cox proportional hazards model for stroke events.
	TABLE 3: Cox proportional hazards model for bleeding events.
	TABLE 4: Kaplan-Meier estimates for the cumulative incidence of events.
	FIGURE 1: Kaplan-Meier curves for the cumulative incidence of stroke and bleeding events over an 18-month period following the diagnosis of atrial fibrillation (AF).

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


