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Abstract

:

Background: Concomitant atrial fibrillation (AF) is associated with an adverse prognosis in patients with acute myocardial infarction (MI). However, it remains unclear whether this is due to a causal effect of AF or whether AF acts as a surrogate marker for comorbidities in this population. Furthermore, there are limited data on whether coronary artery disease distribution impacts the risk of developing AF. Methods: Consecutive patients admitted with acute MI and treated using percutaneous coronary intervention (PCI) at a single centre were retrospectively identified. Associations between AF and major adverse cardiac and cerebrovascular events (MACCEs) over a median of five years of follow-up were assessed using Cox regression, with adjustment for confounding factors performed using both multivariable modelling and a propensity-score-matched analysis. Results: AF was identified in N = 65/1000 (6.5%) of cases; these patients were significantly older (mean: 73 vs. 65 years, p < 0.001), with lower creatinine clearance (p < 0.001), and were more likely to have a history of cerebrovascular disease (p = 0.011) than those without AF. In addition, patients with AF had a greater propensity for left main stem (p = 0.001) or left circumflex artery (p = 0.004) involvement. Long-term MACCE rates were significantly higher in the AF group than in the non-AF group (50.8% vs. 34.2% at five years), yielding an unadjusted hazard ratio (HR) of 1.86 (95% CI: 1.32–2.64, p < 0.001). However, after adjustment for confounding factors, AF was no longer independently associated with MACCEs, either on multivariable (adjusted HR: 1.25, 95% CI: 0.81–1.92, p = 0.319) or propensity-score-matched (HR: 1.04, 95% CI: 0.59–1.82, p = 0.886) analyses. Conclusions: AF is observed in 6.5% of patients admitted with acute MI, and those with AF are more likely to have significant diseases involving left main or circumflex arteries. Although unadjusted MACCE rates were significantly higher in patients with AF, this effect was not found to remain significant after adjustment for comorbidities. As such, this study provided no evidence to suggest that AF is independently associated with MACCEs.
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1. Introduction


Atrial fibrillation (AF) is the most frequent sustained cardiac arrythmia [1], and its prevalence is increasing worldwide as life expectancy increases [2,3,4]. Atrial fibrillation has an association with coronary artery disease (CAD) and myocardial infarction (MI) due to shared risk factors and an inflammatory aetiology [5,6]. The reported prevalence of concomitant AF in patients following acute MI varies widely, with reported rates ranging between 6 and 21% [7,8]. Previous studies have identified AF as an independent risk factor both for MI [7,8,9,10] and for mortality after MI [11,12,13,14,15,16,17]. However, it is unclear whether this is due to a causal effect of AF or whether the observed effect is a result of AF acting as a surrogate marker for other comorbidities that influence the outcome. There is also a paucity of data on long-term outcomes beyond 12 months. Furthermore, there are no data on the pattern of CAD in patients with AF compared to those in sinus rhythm presenting with acute MI.



Therefore, the aims of this large cohort study were as follows: (i) to determine the prevalence of AF in acute MI patients treated with percutaneous coronary intervention (PCI) at the time of admission, (ii) to determine whether AF is an independent prognostic factor with respect to the long-term risk of major adverse events, and (iii) to compare the distribution of CAD in patients with and without AF.




2. Methods


2.1. Data Collection


Consecutive patients admitted to the Queen Elizabeth Hospital Birmingham (QEHB) with MI and treated with PCI between January 2016 and November 2017 (inclusive) were retrospectively identified from a prospectively maintained and validated database. Data relating to demographics, medical history, presentation, treatment, and discharge medications were obtained from the electronic health record (EHR). Details of the MI included the type of MI (ST-Elevation Myocardial Infarction [STEMI] or Non-ST-elevation Myocardial Infarction [NSTEMI]), as well as both the high-sensitivity troponin T (Roche Cobas E170) levels recorded at the time of the index admission and the peak level during the admission. The coronary angiography findings were then used to determine the patterns and distribution of CAD across the left anterior descending artery (LAD; proximal or distal), right coronary artery (RCA), and left circumflex artery (LCx). The pattern of CAD was then summarised based on the number of these vessels with severe disease, defined as ≥75% luminal stenosis. Involvement of the left main stem (LMS) was also assessed, with severe disease defined as a ≥50% luminal stenosis. Measurements of left ventricular ejection fraction (LVEF) were extracted from the report of the echocardiogram performed closest to the date of the PCI for each patient; LVEF ≥ 50% was classified as normal, with 40–49%, 30–39%, and <30% classified as mild, moderate, and severe levels of LVEF impairment, respectively.



The primary factor of interest was AF, which was diagnosed from the 12-lead surface electrocardiogram (ECG) performed during the index admission, based on established diagnostic criteria [18]. In cases where ECGs were unobtainable, the discharge letters and subsequent outpatient clinic letters were interrogated to identify any evidence that AF had been diagnosed at the index admission. For patients with AF, the EHR was further interrogated to identify whether this had been pre-existing at the time of their admission and whether it represented chronic or paroxysmal AF.



The primary outcome of interest was the development of major adverse cardiac and cerebrovascular events (MACCEs), which was a composite outcome comprising the following: death, MI, cerebrovascular accident (CVA), or major gastrointestinal (GI) bleeding. To identify where this outcome occurred, all readmissions to QEHB occurring after the date of PCI were identified from the EHR. From these, the International Classification of Diseases (ICD10) codes recorded for each readmission were interrogated to identify any that related to the MACCE events; the ICD10 codes used to identify each of these outcomes are reported in Supplementary Table S1. In addition, the EHR was used to extract the dates of death in patients that died during the follow-up period.




2.2. Statistical Methods


Comparisons between the AF and non-AF groups were performed using Mann–Whitney U tests for continuous or ordinal variables, with Fisher’s exact tests being used for nominal variables. For time-to-event outcomes, follow-up commenced at the date of PCI, with patients being censored on the date of data extraction (4 April 2022). The primary outcome was MACCE, which was a composite of death and readmission for any of the previously described adverse events (whichever came first). However, the individual components of MACCEs were also analysed separately using a death-censored approach. Analyses were initially performed using Kaplan–Meier curves, which were used to estimate cumulative event rates. Associations between other factors and the primary outcome of MACCEs were then assessed using univariable Cox regression models. For continuous factors, the goodness of fit was assessed graphically, with factors being divided into categories and treated as nominal where poor fit was detected. A multivariable Cox regression model was then produced, with AF entered at the first step and a backwards stepwise approach (removal at p > 0.1) used to select other factors for inclusion in a parsimonious model.



Adjustment for confounding factors was also performed using a propensity score matching approach. A propensity score was first produced using a multivariable binary logistic regression model, with AF acting as the dependent variable. For categorical factors with missing data for more than one AF patient, an “unknown” category was added to prevent excessive exclusions. Given the relatively small number of patients with AF, variable selection used a backwards stepwise approach to minimise the risk of overfitting. However, a more lenient threshold for removal of p > 0.2 was used in an attempt to minimise the risk of underfitting. The factors selected for inclusion by the stepwise procedure were then entered into a new model to prevent exclusions of patients with missing data for factors not included in the propensity score model. The predicted probabilities from the resulting model were then logit-transformed and used to match patients from the AF group 1:1 to patients in the non-AF group, using a calliper of ±0.2 times the standard deviation of the logit. Cohort characteristics were then compared between the matched groups using Wilcoxon’s signed-rank test for continuous or ordinal variables and either McNemar or McNemar–Bowker tests for nominal variables with two or more than two categories, respectively. Rates of MACCE were compared between groups using a univariable Cox regression model, which was stratified by the pair number, to account for the matching of AF and non-AF patients.



All analyses were performed using IBM SPSS 24 (IBM Corp. Armonk, NY, USA), with p < 0.05 deemed to be indicative of statistical significance throughout. Continuous variables are reported as means ± standard deviations where approximately normally distributed or as medians (interquartile range; IQR) otherwise. Cases with missing data were excluded from the analysis of the affected variable for univariable analysis, with multivariable analyses using a complete-cases approach.





3. Results


3.1. Cohort Characteristics


The study cohort comprised N = 1000 patients with MI, of whom N = 65 (6.5%) presented with concomitant AF. In those with AF, this had been newly diagnosed at the index admission in 48% (31/65) of cases, with 72% (47/65) having chronic AF. Patients with AF were significantly older than those in the non-AF group (mean: 73 vs. 65 years, p < 0.001) and had lower creatinine clearance (mean: 67 vs. 85 mL/min, p < 0.001) and a higher burden of comorbidities, including diabetes mellitus (p = 0.028) and hypertension (p = 0.009), as well as higher rates of previous CVA (p = 0.011), MI (p = 0.003), and PCI (p = 0.029). In addition, AF was associated with significantly higher rates of LVEF impairment (p = 0.008, Table 1).



There were no significant differences between the AF and non-AF groups with respect to revascularisation time (between symptom onset and PCI; median: 36 vs. 24 h, p = 0.179), rates of out-of-hospital cardiac arrest (p = 0.334), type of MI (NSTEMI or STEMI; p = 0.365), or peak high-sensitivity troponin levels (median: 800 vs. 512 ng/L, p = 0.155). However, mitral regurgitation (MR) was significantly more common in those with AF (55.4% vs. 27.0%, p < 0.001).



Patients with AF were significantly more likely to undergo coronary artery bypass grafting (CABG; 9.2% vs. 3.3%, p = 0.028). Discharge medications also differed significantly between groups (Table 2), with patients with AF being significantly more likely to receive clopidogrel, non-vitamin-K-antagonist oral anticoagulants, warfarin, aldosterone receptor antagonists, and diuretics and significantly less likely to receive aspirin, ticagrelor, or an angiotensin-converting enzyme inhibitor.




3.2. Patient Outcomes


Patients were followed up for a median of 60 months (IQR: 53–67), during which time there were N = 258 deaths, and N = 168 patients had at least one readmission for MI, CVA, or a major GI bleed. MACCE rates were significantly higher in AF patients compared to the non-AF group, with an unadjusted hazard ratio (HR) of 1.86 (95% CI: 1.32–2.64, p < 0.001), and the AF and non-AF groups had estimated rates at five years of 50.8% and 34.2%, respectively (Figure 1). Unadjusted univariable analysis for the individual components of MACCEs found patients with AF to have both significantly reduced survival (HR: 2.25, 95% CI: 1.54–3.29, p < 0.001) and significantly higher (death-censored) composite MI/CVA/major GI bleed readmission rates (HR: 1.86, 95% CI: 1.11–3.11, p = 0.018) than the non-AF group. Analyses of death-censored readmission rates for MI, CVA, and major GI bleeds separately returned similar HRs although none of these analyses reached statistical significance due to the low event rates (Table 3).




3.3. Predictors of Major Adverse Cardiac and Cerebrovascular Events


A multivariable model was then produced to assess whether AF was independently associated with MACCEs after adjusting for the effects of confounding factors (Table 4). This found increasing age (p < 0.001), lower creatinine clearance (p = 0.011), insulin-dependent diabetes mellitus (p < 0.001), hypertension (p < 0.001), previous CVA (p < 0.001) or MI (p = 0.004), increasing levels of LVEF impairment (p = 0.009) or MR severity (p = 0.042), and triple-vessel CAD (p = 0.010) to be significant independent predictors of MACCEs. After adjusting for the effects of these factors, no significant association between AF and MACCEs was observed (adjusted HR: 1.25, 95% CI: 0.81–1.92, p = 0.319).



In an attempt to explain the non-significance of AF in this model, the multivariable analysis was repeated using an iterative approach. AF was initially included in the model in isolation, before other factors were added progressively using a forwards stepwise approach, to assess how accounting for each additional factor influenced the adjusted effect of AF (Figure 2). This did not identify any individual factor as being influential in negating the observed effect of AF on MACCEs; instead, the adjusted effect of AF became progressively smaller as more factors were added to the model. This implies that the significance of AF in univariable analysis was largely a result of the confounding effects of baseline differences between the AF vs. non-AF groups rather than a causal effect of AF on MACCEs.



Adjustment for the baseline differences between the AF and non-AF groups was also performed using a propensity-score-matched approach. The propensity score considered all factors from Table 1 for inclusion and was used to match each AF patient 1:1 with a non-AF patient. Comparisons between these matched groups identified no significant differences in demographics or presentation, indicating that the matching had successfully negated the key baseline differences between the groups (Supplementary Table S2). Specifically, the AF vs. matched non-AF groups were similar with respect to age (mean: 73 vs. 71 years, p = 0.191) and creatinine clearance (mean: 67 vs. 66 mL/min, p = 0.966) and in the rates of diabetes mellitus (45% vs. 37%, p = 0.543), previous CVA (12% vs. 17%, p = 0.607), MR (55% vs. 63%, p = 0.435), and LMS involvement (18% vs. 22%, p = 0.804). No significant association between AF and MACCEs was observed for the matched groups, with a HR of 1.04 (95% CI: 0.59–1.82, p = 0.886) and cumulative rates of MACCEs at five years of 51% vs. 46% for the AF and matched non-AF groups, respectively (Figure 1).




3.4. Associations of AF with Coronary Artery Disease Distribution Pattern


Patients with AF had a significantly greater level of luminal stenosis in the LMS (≥50% stenosis in 18.5% vs. 6.8%, p = 0.001) and the LCx (≥75% stenosis in 50.8% vs. 37.3%; p = 0.004; Figure 3). There were no significant differences between the AF and non-AF groups in the level of luminal stenosis in the LAD (proximal: p = 0.276; non-proximal: p = 0.114) or RCA (p = 0.959). The patterns of CAD across the LAD, RCA, and LCx were also similar in the two groups (p = 0.322, Table 1), with severe disease observed in at least two vessels for 43.1% vs. 36.0% of the AF vs. non-AF groups.





4. Discussion


This study found that AF is observed in 6.5% of type 1 acute MI patients revascularised through PCI and is associated with a higher prevalence of severe disease in the LMS and LCx on invasive coronary angiography. The presence of AF was not found to be a significant independent risk factor for MACCEs but instead appears to be a surrogate marker of other risk factors including older age, worse renal function, insulin-dependent diabetes mellitus, hypertension, prior CVA or MI, LVEF impairment, and MR. The study design uniquely focussed on acute MI patients managed by revascularisation through PCI (which accounted for the majority of patients), thus excluding those with type II MI or MINOCA or those managed medically. It also addresses the paucity of data relating to coronary artery distribution and AF prevalence, as well as long-term outcomes (median of five years of follow-up) for both mortality and the composite outcome of MACCEs.



The reported prevalence of AF in this study was similar to those of some previous studies [11,16] but was less than those reported in other studies [19]. This may be due to geographic variations or methodological differences in AF identification. This study also contradicted an earlier study that found that the presence of AF was not associated with the localisation of CAD [20]. Previous studies have found that the involvement of the LMS and atrial branches increases the likelihood of developing AF post-MI [21] and, as the left atrial branch is supplied by the LCx, we theorise that the co-existence of AF and severe CAD within the LMS and LCx may be due to left atrial hypoperfusion promoting remodelling and fibrosis. Further studies including the use of cardiovascular magnetic resonance are required to investigate this relationship further.



Finally, this study provided some data on the prognostic role of AF, which has been the subject of conflicting data in the post-MI population. We found that AF is a surrogate marker of disease in patients with MI rather than an independent risk factor. This was in contrast to previous studies [11,12,13,14,15,16,17], and our study demonstrated this over a longer period of follow-up and in patients with predominantly preserved LVEF. A recent study from Japan explored the differences between pre-existing and newly-diagnosed AF and found that although AF was not an independent risk factor for MI, it was independently associated with long-term mortality and stroke. It concluded that the adverse impacts of AF were similar between pre-existing and new-onset AF groups, except for the risk of stroke, which was higher with newly diagnosed AF [22].




5. Limitations


The authors acknowledge the limitations of this retrospective study. The selection of patients from our catheterisation laboratory database allowed a large sample size of acute MI patients to be identified. However, this resulted in only acute MI patients managed by revascularisation through PCI being included; hence, the results cannot be generalised to patients managed medically or surgically. Furthermore, despite the large sample size, the number of patients with AF was relatively small, which would have resulted in only moderate statistical power. As such, if AF had had a small but genuine independent association with MACCEs, then this may not have been detectable in the analysis, leading to a false-negative error. In addition, although several methods were used to determine the presence of AF (inpatient 12-lead ECGs, discharge letters, and outpatient clinic letters), it is possible that some episodes of paroxysmal AF were overlooked. There were also significant differences in demographics between the AF and non-AF groups, confounding the unadjusted analysis of prognosis. Adjusted analyses were performed to negate the impact of confounding using two different approaches (multivariable modelling and propensity score matching), which returned consistent results. However, these models could not adjust for unmeasured or intangible factors and, as such, the results may have been subject to residual confounding. Finally, the number of patients with detected AF receiving oral anticoagulation on discharge was lower than expected (approximately 50%). This may have been due to patients not meeting the threshold for anticoagulation or the presence of contraindications.




6. Conclusions


In conclusion, AF is associated with a significantly increased risk of MACCEs. However, our analysis suggests that this association is largely not causal but instead reflects the confounding effects of the increased burden of comorbidities associated with AF. For the first time here, we showed that this holds true for long-term outcomes. Since AF appears to be a surrogate marker of other risk factors, including hypertension, diabetes mellitus, and more severe CAD, patients with AF require tailored aggressive treatment for risk factor modification. Ambulatory cardiac monitoring in acute MI patients is currently not widely performed. A further prospective study with the routine ambulatory monitoring of all MI patients would help to validate the findings of this study and shape future practice.
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Figure 1. Kaplan–Meier curves of major adverse cardiac and cerebrovascular events sorted by concomitant atrial fibrillation. For the non-AF group, separate curves are plotted for the group as a whole (N = 935), as well as for the subgroup of patients that were propensity-score-matched to the AF group (N = 65; Supplementary Table S2). The x-axis is truncated at five years of follow-up. AF: Concomitant Atrial Fibrillation, and MACCE: Major Adverse Cardiac and Cerebrovascular Event (defined as death or readmission due to myocardial infarction, cerebrovascular accident, or major gastrointestinal bleed). 
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Figure 2. Effect of concomitant atrial fibrillation on major adverse cardiac and cerebrovascular events after adjustment for confounding factors. The first section of the plot illustrates the effect of adjustment for confounding factors using a multivariable analysis. The first point represents the hazard ratio and 95% CI for AF vs. non-AF in a Cox regression model with MACCE as the only dependent variable. This presentation differs from that reported for the univariable analysis in Table 3 since all analyses in the plot use a complete-cases approach to missing data; hence, all hazard ratios are based on N = 772 cases (N = 263 events) as per the multivariable analysis in Table 4. Confounding factors were then added iteratively to this model using a forwards stepwise approach. The subsequent points on the plot represent the adjusted hazard ratios for AF vs. non-AF patients from each of these models, which include the stated factor, and the cumulative set of factors from the previous models. The second section of the plot illustrates the hazard ratio and 95% CI for AF vs. non-AF patients from a stratified Cox regression model of the propensity-core-matched cohort (N = 65 pairs of patients; Supplementary Table S2). AF: Concomitant Atrial Fibrillation, 95% CI: 95% Confidence Interval, CAD: Coronary Artery Disease, CVA: Cerebrovascular Accident, LVEF: Left Ventricular Ejection Fraction, MACCE: Major Adverse Cardiac and Cerebrovascular Event (defined as death or readmission due to myocardial infarction, cerebrovascular accident, or major gastrointestinal bleed), MI: Myocardial Infarction, and MR: Mitral Regurgitation. 
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Figure 3. Level of luminal stenosis sorted by vessel and concomitant atrial fibrillation. Comparisons between the AF and non-AF groups were performed using Mann–Whitney U tests, and bold p-values were significant at p < 0.05. Unlabelled bars comprise <5% of cases. AF: Concomitant Atrial Fibrillation. 






Figure 3. Level of luminal stenosis sorted by vessel and concomitant atrial fibrillation. Comparisons between the AF and non-AF groups were performed using Mann–Whitney U tests, and bold p-values were significant at p < 0.05. Unlabelled bars comprise <5% of cases. AF: Concomitant Atrial Fibrillation.



[image: Jcm 13 02318 g003]







 





Table 1. Cohort characteristics organized by concomitant atrial fibrillation.






Table 1. Cohort characteristics organized by concomitant atrial fibrillation.





	

	

	
Concomitant Atrial Fibrillation

	




	
N

	
No

	
Yes

	
p-Value






	
Patient Demographics




	
Age (Years)

	
1000

	
65 ± 13

	
73 ± 11

	
<0.001




	
Gender (% Male)

	
1000

	
671 (71.8%)

	
49 (75.4%)

	
0.571




	
Smoking Status

	
963

	

	

	
0.155




	
  Non-

	

	
332 (36.7%)

	
24 (40.7%)

	




	
  Ex-

	

	
300 (33.2%)

	
24 (40.7%)

	




	
  Current

	

	
272 (30.1%)

	
11 (18.6%)

	




	
Creatinine Clearance (ml/min)

	
999

	
85 ± 38

	
67 ± 32

	
<0.001




	
Diabetes Mellitus

	
999

	

	

	
0.028




	
  No

	

	
642 (68.7%)

	
36 (55.4%)

	




	
  Diet-Controlled

	

	
44 (4.7%)

	
1 (1.5%)

	




	
  Tablet-Controlled

	

	
155 (16.6%)

	
19 (29.2%)

	




	
  Insulin-Dependent

	

	
93 (10.0%)

	
9 (13.8%)

	




	
Hypertension

	
993

	
528 (56.9%)

	
48 (73.8%)

	
0.009




	
Hypercholesterolemia

	
917

	
412 (48.0%)

	
29 (49.2%)

	
0.893




	
Previous CVA

	
999

	
41 (4.4%)

	
8 (12.3%)

	
0.011




	
Previous Myocardial Infarction

	
996

	
198 (21.3%)

	
25 (38.5%)

	
0.003




	
Previous CABG

	
1000

	
77 (8.2%)

	
8 (12.3%)

	
0.250




	
Previous PCI

	
1000

	
164 (17.5%)

	
19 (29.2%)

	
0.029




	
Family History of CAD

	
966

	
377 (41.8%)

	
22 (34.4%)

	
0.293




	
Left Ventricular Ejection Fraction

	
928

	

	

	
0.008 *




	
  Normal

	

	
645 (74.2%)

	
35 (59.3%)

	




	
  Mild Impairment

	

	
125 (14.4%)

	
10 (16.9%)

	




	
  Moderate Impairment

	

	
51 (5.9%)

	
9 (15.3%)

	




	
  Severe Impairment

	

	
48 (5.5%)

	
5 (8.5%)

	




	
Presentation




	
Symptom Onset to PCI (Hours)

	
1000

	
24 (5–81)

	
36 (5–107)

	
0.179




	
Out-of-Hospital Cardiac Arrest

	
1000

	
37 (4.0%)

	
4 (6.2%)

	
0.334




	
NSTEMI

	
1000

	
528 (56.5%)

	
41 (63.1%)

	
0.365




	
Index Troponin (ng/L)

	
941

	
91 (28–352)

	
94 (37–719)

	
0.275




	
Peak Troponin (ng/L)

	
987

	
512 (77–2512)

	
800 (169–3061)

	
0.155




	
Mitral Regurgitation Severity

	
1000

	

	

	
<0.001 *




	
  None

	

	
683 (73.0%)

	
29 (44.6%)

	




	
  Mild

	

	
200 (21.4%)

	
22 (33.8%)

	




	
  Moderate

	

	
47 (5.0%)

	
10 (15.4%)

	




	
  Severe

	

	
5 (0.5%)

	
4 (6.2%)

	




	
Pattern of CAD **

	
1000

	

	

	
0.322 *




	
  No Severe Disease

	

	
8 (0.9%)

	
2 (3.1%)

	




	
  Single Vessel Disease

	

	
590 (63.1%)

	
35 (53.8%)

	




	
  Double Vessel Disease

	

	
242 (25.9%)

	
19 (29.2%)

	




	
  Triple Vessel Disease

	

	
95 (10.2%)

	
9 (13.8%)

	




	
Left Main Stem Involvement ***

	
1000

	
64 (6.8%)

	
12 (18.5%)

	
0.002








Continuous variables are reported as either means ± standard deviations or medians (interquartile range) with p-values from Mann–Whitney U tests. Categorical variables are reported as N (%) with p-values from Fisher’s exact tests unless stated otherwise. Bold p-values are significant at p < 0.05. * p-value from Mann–Whitney U test, as the factor is ordinal. ** Defined as the number of vessels (from left anterior descending, left circumflex, and right coronary arteries) with ≥75% luminal stenosis. *** Defined as a ≥50 luminal stenosis. CABG: Coronary Artery Bypass Graft, CAD: Coronary Artery Disease, CVA: Cerebrovascular Accident, NSTEMI: Non-ST-Elevation Myocardial Infarction, and PCI: Percutaneous Coronary Intervention.













 





Table 2. Cohort characteristics organized by concomitant atrial fibrillation.
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Concomitant Atrial Fibrillation

	




	
N

	
No

	
Yes

	
p-Value






	
Angioplasty Details




	
DTB for Primary PCI (Minutes) *

	
431

	
40 (28–75)

	
54 (34–79)

	
0.219




	
CABG

	
1000

	
31 (3.3%)

	
6 (9.2%)

	
0.028




	
Complication

	
1000

	
5 (0.5%)

	
1 (1.5%)

	
0.333




	
Failure

	
1000

	
20 (2.1%)

	
0 (0.0%)

	
0.635




	
Rotablation

	
1000

	
26 (2.8%)

	
4 (6.2%)

	
0.125




	
Circulatory Support

	
1000

	
3 (0.3%)

	
0 (0.0%)

	
1.000




	
Discharge Medication **




	
Aspirin

	
948

	
870 (98.3%)

	
56 (88.9%)

	
<0.001




	
Clopidogrel

	
948

	
173 (19.5%)

	
32 (50.8%)

	
<0.001




	
Ticagrelor

	
948

	
649 (73.3%)

	
25 (39.7%)

	
<0.001




	
Prasugrel

	
948

	
48 (5.4%)

	
2 (3.2%)

	
0.767




	
NOAC

	
948

	
23 (2.6%)

	
21 (33.3%)

	
<0.001




	
Warfarin

	
948

	
14 (1.6%)

	
11 (17.5%)

	
<0.001




	
Beta Blocker

	
948

	
786 (88.8%)

	
53 (84.1%)

	
0.303




	
ACE Inhibitor

	
948

	
691 (78.1%)

	
38 (60.3%)

	
0.003




	
Angiotensin Receptor Blocker

	
948

	
93 (10.5%)

	
11 (17.5%)

	
0.095




	
Aldosterone Receptor Antagonist

	
948

	
75 (8.5%)

	
15 (23.8%)

	
<0.001




	
Diuretic

	
948

	
134 (15.1%)

	
30 (47.6%)

	
<0.001








Continuous variables are reported as either means ± standard deviations or medians (interquartile range) with p-values from Mann–Whitney U tests. Categorical variables are reported as N (%) with p-values from Fisher’s exact tests. Bold p-values are significant at p < 0.05. * Only includes patients with ST-elevation myocardial infarction. ** Excludes patients who died in hospital (N = 41) or for whom discharge letters were unavailable (N = 11). ACE: Angiotensin-Converting Enzyme, CABG: Coronary Artery Bypass Graft. DTB: Door-to-Balloon Time, NOAC: Non-Vitamin K Antagonist Oral Anticoagulants, and PCI: Percutaneous Coronary Intervention.













 





Table 3. Associations between AF and major adverse cardiac and cerebrovascular events.






Table 3. Associations between AF and major adverse cardiac and cerebrovascular events.





	

	
Number of Patients with Events

	
Kaplan–Meier Estimated Event Rate at Five Years

	
Hazard Ratio(95% CI)

	




	
Outcome

	
Non-AF

	
AF

	
Non-AF

	
AF

	
p-Value






	
Any MACCE

	
329

	
35

	
34.2%

	
50.8%

	
1.86 (1.32–2.64)

	
<0.001




	
Death

	
228

	
30

	
23.3%

	
43.7%

	
2.25 (1.54–3.29)

	
<0.001




	
MACCE Readmission *

	
152

	
16

	
18.0%

	
31.0%

	
1.86 (1.11–3.11)

	
0.018




	
Myocardial Infarction Readmission **

	
93

	
10

	
10.8%

	
17.5%

	
1.86 (0.97–3.57)

	
0.063




	
Cerebrovascular Accident Readmission **

	
27

	
4

	
3.2%

	
7.8%

	
2.59 (0.91–7.41)

	
0.076




	
Major Gastrointestinal Bleed Readmission **

	
57

	
6

	
6.9%

	
11.8%

	
1.83 (0.79–4.24)

	
0.160








Numbers of patients with events represent the numbers of patients for whom the stated outcome occurred during follow-up. Hazard ratios and p-values are from univariable Cox regression models, and are reported for AF vs. non-AF patients. Bold p-values are significant at p < 0.05. * Readmission due to myocardial infarction, cerebrovascular accident, or major gastrointestinal bleed; follow-up was censored at death. ** Follow-up was censored at death. AF: Concomitant Atrial Fibrillation, 95% CI: 95% Confidence Interval, and MACCE: Major Adverse Cardiac and Cerebrovascular Event (defined as death or readmission due to myocardial infarction, cerebrovascular accident, or major gastrointestinal bleed).













 





Table 4. Associations with major adverse cardiac and cerebrovascular events.
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Univariable Models

	
Multivariable Model




	
HR (95% CI)

	
p-Value

	
HR (95% CI)

	
p-Value






	
Concomitant Atrial Fibrillation

	
1.86 (1.32–2.64)

	
<0.001

	
1.25 (0.81–1.92)

	
0.319




	
Age (Years) *

	

	
<0.001

	

	
<0.001




	
  <50

	
-

	
-

	
-

	
-




	
  50–59

	
1.24 (0.78–1.95)

	
0.361

	
0.88 (0.51–1.52)

	
0.646




	
  60–69

	
1.48 (0.95–2.29)

	
0.081

	
0.83 (0.47–1.44)

	
0.497




	
  70–79

	
2.19 (1.43–3.35)

	
<0.001

	
0.96 (0.53–1.72)

	
0.886




	
  80+

	
4.36 (2.85–6.67)

	
<0.001

	
1.91 (1.04–3.49)

	
0.037




	
Gender (Female)

	
1.27 (1.02–1.58)

	
0.033

	
-

	
NS




	
Smoking Status

	

	
0.002

	

	
NS




	
  Non-

	
-

	
-

	
-

	
-




	
  Ex-

	
1.22 (0.96–1.55)

	
0.111

	
-

	
-




	
  Current

	
0.74 (0.56–0.97)

	
0.031

	
-

	
-




	
Creatinine Clearance (per 10 mL/min)

	
0.86 (0.84–0.89)

	
<0.001

	
0.94 (0.90–0.99)

	
0.011




	
Diabetes Mellitus

	

	
<0.001

	

	
<0.001




	
  No

	
-

	
-

	
-

	
-




	
  Diet-Controlled

	
1.23 (0.75–2.01)

	
0.421

	
1.64 (0.95–2.84)

	
0.076




	
  Tablet-Controlled

	
1.33 (1.01–1.76)

	
0.040

	
1.12 (0.79–1.57)

	
0.532




	
  Insulin-Dependent

	
3.11 (2.37–4.09)

	
<0.001

	
2.42 (1.69–3.45)

	
<0.001




	
Hypertension

	
2.10 (1.67–2.64)

	
<0.001

	
1.72 (1.27–2.33)

	
<0.001




	
Hypercholesterolemia

	
1.00 (0.80–1.24)

	
0.979

	
-

	
NS




	
Previous CVA

	
2.70 (1.89–3.84)

	
<0.001

	
2.46 (1.61–3.76)

	
<0.001




	
Previous Myocardial Infarction

	
2.06 (1.65–2.56)

	
<0.001

	
1.50 (1.13–1.98)

	
0.004




	
Previous CABG

	
1.86 (1.37–2.52)

	
<0.001

	
-

	
NS




	
Previous PCI

	
1.48 (1.16–1.89)

	
0.001

	
-

	
NS




	
Family History of CAD

	
0.84 (0.68–1.05)

	
0.120

	
-

	
NS




	
Left Ventricular Ejection Fraction

	

	
<0.001

	

	
0.009




	
  Normal

	
-

	
-

	
-

	
-




	
  Mild Impairment

	
1.48 (1.10–2.00)

	
0.011

	
1.42 (1.00–2.01)

	
0.053




	
  Moderate Impairment

	
2.38 (1.65–3.44)

	
<0.001

	
1.70 (1.09–2.63)

	
0.019




	
  Severe Impairment

	
2.98 (2.08–4.29)

	
<0.001

	
1.80 (1.13–2.86)

	
0.013




	
Symptom Onset to PPCI (per Day)

	
1.01 (1.00–1.03)

	
0.072

	
-

	
NS




	
Out-of-Hospital Cardiac Arrest

	
1.42 (0.90–2.26)

	
0.135

	
-

	
NS




	
NSTEMI

	
1.16 (0.94–1.43)

	
0.166

	
-

	
NS




	
Index Troponin (per 1000 ng/L)

	
1.03 (0.95–1.12)

	
0.479

	
-

	
NS




	
Peak Troponin (per 1000 ng/L)

	
1.00 (0.96–1.04)

	
0.920

	
-

	
NS




	
Mitral Regurgitation Severity

	

	
<0.001

	

	
0.042




	
  None

	
-

	
-

	
-

	
-




	
  Mild

	
1.23 (0.96–1.57)

	
0.100

	
0.78 (0.57–1.06)

	
0.112




	
  Moderate/Severe **

	
2.14 (1.53–3.00)

	
<0.001

	
1.35 (0.88–2.09)

	
0.174




	
Pattern of CAD

	

	
<0.001

	

	
0.007




	
  None/Single Vessel **

	
-

	
-

	
-

	
-




	
  Double Vessel

	
1.21 (0.95–1.54)

	
0.122

	
0.85 (0.63–1.15)

	
0.285




	
  Triple Vessel

	
2.52 (1.90–3.35)

	
<0.001

	
1.60 (1.12–2.28)

	
0.010




	
Left Main Stem Involvement

	
1.70 (1.22–2.38)

	
0.002

	
-

	
NS








Initially, individual univariable Cox regression models were produced for each factor. All factors were then considered alongside concomitant atrial fibrillation for inclusion in a multivariable Cox regression model, with a backward stepwise approach being used to produce a parsimonious model. The final model was based on N = 772 cases (N = 263 events) after exclusion of patients with missing data for any of the factors considered. Hazard ratios for categorical variables are reported for the stated category relative to the reference category. For continuous variables, hazard ratios are reported per increase in the stated number of units. Bold p-values are significant at p < 0.05. * Age was divided into categories for analysis as goodness-of-fit testing indicated poor model fit when it was treated as continuous. ** Categories were combined for analysis due to small within-category sample sizes. CABG: Coronary Artery Bypass Graft, 95% CI: 95% Confidence Interval, CAD: Coronary Artery Disease, CVA: Cerebrovascular Accident, HR: Hazard Ratio, NS: Not Selected by the Stepwise Procedure, NSTEMI: Non-ST-Elevation Myocardial Infarction, and (P)PCI: (Primary) Percutaneous Coronary Intervention.
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