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ABSTRACT 

In patients with stable atherosclerotic cardiovascular disease, PCSK9 inhibitors (PCSK9i) have 

shown a 50-60% reduction in LDL-C from baseline, added to high-intensity statin therapy. 

However, less is known about the impact of PCSK9i in the setting of an acute coronary 

syndrome (ACS). Therefore, we performed a systematic review and meta-analysis comparing 

PCSK9i with placebo in the setting of ACS, added to guideline directed high-intensity or 

maximally tolerated statin therapy. We included randomized controlled trials (RCTs) with 

initiation of PCSK9i or placebo within 1 week of presentation or percutaneous coronary 

intervention for ACS. PubMed, EMBASE, and Cochrane Central were searched. This study 

followed Cochrane and PRISMA recommendations. Six RCTs were included, totalizing 996 

patients of whom 503 (50.5%) received PCSK9i. Mean follow-up ranged from 4 to 52 weeks. 

LDL-C (MD -44 mg/dL; CI -54.3 to -33.8; p<0.001) and Lp(a) levels (MD -24.0 nmol/L; CI -

43.0 to -4.9; p=0.01) were significantly lower at follow-up with PCSK9i. Similarly, total 

cholesterol (MD -49.2 mg/dL; CI -59 to -39.3), triglycerides (MD -19 mg/dL; CI -29.9 to -8.2) 

and Apo B (MD -33.3 mg/dL; CI -44.4 to -22.1) were significantly reduced with PCSK9i. In 

conclusion, in patients with ACS, early initiation of PCSK9i, added to statin, significantly 

reduces LDL-C and Lp(a) as compared with placebo. Whether the differences in these 

atherogenic lipoproteins translate into a reduction in clinical endpoints is yet to be determined. 
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Patients with acute coronary syndromes (ACS) are at high risk for recurrent ischemic events 

in the early stages after the index event, leading to a 20% increase in the recurrence rate 

within 3 years.1,2 Previous randomized trials have shown that early lipid-lowering therapy 

with high intensity statin rapidly reduces recurrent atherosclerotic events.3–5 The European 

Society of Cardiology (ESC) Guidelines recommend lowering low-density lipoprotein 

cholesterol (LDL-C) levels to <55 mg/dL and ≤50% from baseline, whereas the American 

Heart Association/American College of Cardiology (AHA/ACC) recommends lowering LDL-

C levels to <70 mg/dL and ≤50% from baseline.6–8 This should happen in a stepwise approach 

that includes maximally-tolerated statin therapy and, if needed, non-statin therapy, including 

proprotein convertase subtilisin/kexin 9 inhibitors.6–8 Recently, the ACC Expert Consensus 

stated that adults with clinical atherosclerotic cardiovascular disease (ASCVD) at very high 

risk on statin regimen should aim LDL-C levels <55 mg/dL.9 In patients with stable 

atherosclerotic disease, evolocumab significantly reduced the risk of any coronary 

revascularization by 22% and complex revascularizations by 29%, as compared with placebo, 

over a median follow-up of 2.2 years.10,11 In patients with a history of ACS within the prior 1 

to 12 months (median 2.6 [1.7-4.4] months) of trial enrolment, there was a significant 15% 

reduction in the risk of major cardiovascular events among those treated with alirocumab in 

the ODYSSEY OUTCOMES trial.12 Less is known, however, about the use of PCSK9 

inhibitors in patients soon after a presentation with ACS. There is some evidence of greater 

plaque regression in patients treated with PCSK9 inhibitors immediately after a presentation 

with ACS.13,14 Recent randomized controlled trials have investigated the role of PCSK9i 

administration in the acute setting of ACS. Therefore, we aimed to perform a systematic 

review and meta-analysis comparing the impact of PCSK9i and statin therapy on atherogenic 

lipoprotein levels with statin monotherapy in patients presenting with ACS. 
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METHODS 

We systematically searched Embase, Cochrane Central Register of Controlled Trials 

(CENTRAL), and PubMed from inception to January 12, 2023, for studies published in 

English with the following medical subject heading terms: ‘acute coronary syndrome’, ‘ACS’, 

‘proprotein convertase subtilisin/kexin type 9 inhibitor’, ‘PCSK9 inhibitor’, ‘alirocumab’, 

‘evolucumab’, ‘angiography’, ‘postinfarction’, ‘percutaneous coronary intervention’ and 

‘PCI’. Additionally, we evaluated the references of included trials for additional studies and 

contacted authors for unpublished data. We performed the systematic review and meta-

analysis in agreement with the recommendations from the Cochrane Collaboration and the 

Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement 

guidelines.15,16 This study is registered with PROSPERO (CRD42022364868). 

We included studies that met the following criteria: (1) randomized controlled trials 

(RCTs) comparing PCSK9i with placebo; in (2) patients presenting with ACS; (3) with 

initiation of PCSK9i therapy within 1 week of presentation for PCI or ACS; and (4) reporting 

any of the outcomes of interest - serum levels of LDL-C, Lp(a), HDL-C, triglycerides, total 

cholesterol and apolipoprotein B (Apo B). We excluded nonrandomized studies and studies 

that administered the first dose of PCSK9i or placebo more than 1 week after ACS 

presentation or PCI.  

Two authors (G.B.J. and L.B.J.) independently extracted relevant data following 

predetermined methods of search, quality assessment and data extraction. Disagreements were 

resolved by consensus between authors (G.B.J., L.B.J. and M.E.M.). 

Risk of bias and quality assessment of individual studies were analyzed with the 

Cochrane Collaboration’s tool for assessing risk of bias in randomized trials (RoB 2).15 The 

RoB2 tool ranks RCTs as high, low, or unclear risk of bias based on five domains: selection, 
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performance, detection, attrition, and reporting biases. Funnel plots of individual study 

weights against point estimates were used to check for evidence of publication bias. 

Treatment effects were compared using pooled odds-ratios (ORs) and mean 

differences (MDs) with 95% confidence intervals (CIs) for dichotomous and continuous 

endpoints, respectively. We evaluated heterogeneity with Cochran Q test and I2 statistics; P 

values inferior to 0.10 and I2 >25% were considered significant for heterogeneity. We used a 

fixed-effect model for endpoints with I2<25% (low heterogeneity). DerSimonian and Laird 

random-effects model was assessed in pooled outcomes with high heterogeneity. P values of 

<0.05 were considered statistically significant. Statistics were analyzed with Review Manager 

5.4 (Nordic Cochrane Centre, The Cochrane Collaboration).  

 

RESULTS 

As described in Figure 1, our initial search strategy yielded 1,260 results. After 

exclusion of duplicate records and studies based on title and abstract, 24 trials were 

thoroughly reviewed for the inclusion and exclusion criteria. Finally, 996 patients from 6 

RCTs were included in the systematic review and meta-analysis, of whom 503 (50.5%) 

received PCSK9i therapy.13,14,17–20 Characteristics of each study are detailed in Table 1. 

Among the intervention group, 317 (63%) participants received evolocumab and 186 (37%) 

received alirocumab. Mean time from presentation to administration of first dose ranged from 

3.6 hours to 6.5 days. 

After a mean follow-up ranging from 4 to 52 weeks, LDL-C was significantly lower in 

those who received an early administration of PCSK9i compared with placebo (MD -44.0 

mg/dL; 95% CI -54.3 to -33.8 mg/dL; p<0.001; Figure 2A). The percent change of this 

lipoprotein from baseline was significantly greater in patients who received PCSK9i therapy 

relative to placebo (MD -38.0%; 95% CI -46.5 to -29.7%; p<0.001; Figure 2B). Lp(a) levels 
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were also significantly reduced in those who received either evolocumab or alirocumab 

therapy (MD -24.0 nmol/L; 95% CI -43.0 to -4.9 nmol/L; p=0.01; Figure 2C). Similarly, 

serum levels of total cholesterol (MD -49.2 mg/dL; 95% CI -59 to -39.3 mg/dL; p<0.001; 

Figure 3A), triglycerides (MD -19.0 mg/dL; 95% CI -29.9 to -8.2 mg/dL; p<0.001; Figure 3B) 

and Apo B (MD -33.3 mg/dL; 95% CI -44.4 to -22.1 mg/dL; p<0.001; Figure 3C) were 

significantly lower at follow-up in the intervention group as compared with control. HDL 

cholesterol levels were marginally higher in patients treated with PCSK9i therapy (MD 2.5 

mg/dL; 95% CI 0.9 to 4.2 mg/dL; p=0.003; Figure 3D). 

The proportion of patients who achieved an LDL-C <55 mg/dL and <70 mg/dL was 

91% and 96%, respectively, for patients treated with PCSK9i therapy, as compared with 20% 

and 44%, respectively, of those in the placebo group (Figures 3E and 3F). 

Adverse events of any cause happened in 44% of the participants treated with PCSK9i 

and in 48% of those in the placebo group, with no statistical significance (OR 0.85; 95% CI 

0.64 to 1.13; p=0.27; Figure 4). Myalgia and local injection site reactions were the most 

common reported adverse events, accounting for 5.6% and 3.9% of cases in the PCSK9i and 

placebo groups, respectively. 

Quality appraisal of each RCT is detailed in eTable 1 in the Supplement. Overall, 

studies were classified as low for the risk of bias. Albeit restricted by the small number of 

trials, funnel plot analysis indicated no evidence of publication bias (eFigure 2 in the 

Supplement). We performed sensitivity analyses by systematically excluding each study from 

the pooled outcomes, which showed consistency among results.  

 

DISCUSSION 

  In this systematic review and meta-analysis of six studies and 996 patients, we 

compared early administration of PCSK9i with placebo in patients presenting with ACS. The 
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main findings were as follows: (1) the levels of LDL-C were reduced by approximately 45 

mg/dL among those who received an early administration of PCSK9i compared with placebo 

(75.5% vs. 39.0%, respectively; MD -44.0 mg/dL; p<0.001); (2) Lp(a) levels were 

significantly lower in participants treated with either alirocumab or evolocumab therapy over 

a follow-up period of 4 to 52 weeks (MD -24.0 nmol/L; 95% CI -43.0  to -4.9 nmol/L; 

p=0.01); (3) this improvement was also observed for total cholesterol, and triglycerides levels 

(p<0.01); and (4) patients receiving PCSK9i therapy exhibited slightly higher levels of serum 

HDL cholesterol. 

Individuals presenting with ACS are at an increased risk of recurrent cardiovascular 

events. Multisociety European and American guidelines on prevention and lipid management 

recommend high-statin therapy (or maximally-tolerated statin) to achieve strict LDL-C goals 

after ACS (≤50% from baseline and <55 mg/dL or <70 mg/dL).6–9 If this level is not achieved 

in up to 6 weeks despite maximally tolerated statin therapy, additional lipid lowering therapy 

should be added, which now includes a gamut of options for oral and injectable medications. 

Despite these recommendations, it is well known that reaching optimal levels of LDL-C 

remains challenging in these very-high-risk patients, which delays the benefits of secondary 

prevention.2 PCSK9i reduce mortality in patients with a history of ACS, when initiated 1-12 

months after an ACS for patients with LDL-C ≥70 mg/dL.12,21 Therefore, an early 

administration of PCSK9i within 4 weeks of an ACS may help to achieve guideline LDL-C 

goals quicker and ultimately reduce recurrent cardiovascular events in this population, 

although the latter remains to be determined. 

PCSK9 inhibitors have also been shown to reduce percent atheroma volume relative to 

placebo in patients with stable coronary artery disease and in those with acute myocardial 

infarction.13,22 PACMAN-AMI evaluated the effects of biweekly administration of alirocumab 

added to rosuvastatin compared with statin therapy alone on coronary plaque composition, 



8  

evolution and phenotype, among patients with acute myocardial infarction.13 Alirocumab was 

administered within 24 hours of PCI of the culprit lesion. There was a statistically significant 

reduction in mean percent atheroma volume in the alirocumab group from baseline to week 

52 (-2.13% vs. -0.92%; p<0.001). This reduction was greater than the one achieved by the 

GLAGOV trial, which enrolled patients with stable CAD (0.05% vs. -0.95%; p<0.001).22 

Moreover, in PACMAN-AMI, maximum lipid core burden index within 4 mm was 

significantly lower in the PCSK9i group (−79.42 vs. −37.60; p=0.006) and fibrous cap 

thickness was significantly increased in the same population (62.67 μm vs. 33.19 μm; 

p=0.001).13 These findings suggest that the early initiation of PCSK9i may be beneficial in 

secondary prevention not only by reducing lipid serum levels, but also by modifying coronary 

plaque phenotype. 

The ODYSSEY OUTOMES and FOURIER trials demonstrated clinical efficacy and 

safety of PCSK9i in individuals with a more stable phenotype of atherosclerotic disease, 

enrolled no sooner than 1 month after ACS.11,12 Our systematic review and meta-analysis 

extend the findings of these clinical trials in lipid endpoints to the more acute setting, early 

after presentation with ACS (within one week). The EPIC-STEMI trial aimed to evaluate not 

only the degree of reduction of LDL-C, but also the time interval in which the effects of 

PCSK9i therapy were seen. Within the first 24 hours after PCI for STEMI, those who 

received alirocumab experienced a slightly higher rate of reduction in LDL-C (-0.001 

mmol/L/h; p=0.032). Ultimately, 92% of the participants in the PCSK9i group reached 

ESC/EAS recommended LDL-C levels of <55 mg/dL, as opposed to 57% in the placebo 

group, over a median follow-up of 45 days (p=0.002).20 In our study, 4 trials assessed the 

number of patients who achieved guideline recommended goals of LDL-C at 4 weeks after 

ACS;17–20 91% of patients who underwent PCSK9i therapy achieved mean values of LDL-C 

<55 mg/dL as compared with only 20% of those who received statin monotherapy (p<0.001). 
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The target of LDL-C <70 mg/dL was achieved by 96% in the PCSK9i group compared with 

44% in the placebo group (p<0.001). 

Lp(a) is also a key determinant of atherosclerotic risk.23,24 This lipoprotein carries 

cholesterol, oxidized phospholipids and limits thrombolysis by competing with plasminogen 

at the fibrin binding site.25–27 Patients with elevated levels of Lp(a) also tend to experience 

great absolute risk reductions from PCSK9i therapy.28,29 In patients with stable coronary heart 

disease, evolocumab reduces Lp(a) levels by 20-30%.28 In the setting of an ACS, there is a 

significant increase in Lp(a) levels in the placebo group as early as 24 hours after the index 

event, particularly in those with elevated Lp(a) at baseline.30,31 Evolocumab may blunt this 

increase in Lp(a) during an acute myocardial infarction by inhibiting mature PCSK9.30 In our 

meta-analysis, PCSK9i lowered Lp(a) levels by approximately 8%; however, Lp(a) increased 

by 18% in the placebo group (MD -24.0 nmol/L; 95% CI -43.0 to -4.9 nmol/L; p=0.01).  

Our study has limitations. First, the individual studies and their pooled results in this 

meta-analysis are not powered to detect a significant difference in clinical outcomes between 

groups. EVOLVE-MI (ClinicalTrials.gov: NCT05284747) and AMUNDSEN 

(ClinicalTrials.gov: NCT04951856) are two ongoing multicenter, open-label, RCTs that aim 

to evaluate early and long-term effects of evolocumab in patients who present with ACS. 

Second, only 2 of the included RCTs had a longer follow-up of 52 weeks. And, finally, the 

absence of patient-level data from most of the studies precluded detailed subgroup analyses, 

such as exploring the effects in patients who were previously on statin vs. statin-naïve.  

In conclusion, in this meta-analysis of RCTs, patients who were treated with PCSK9i 

therapy within one week of an ACS had lower levels of LDL-C and Lp(a) as compared with 

statin monotherapy. To the extent that lower levels of these atherogenic lipoproteins are 

associated with improved clinical outcomes, these findings provide support for early 
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treatment with PCSK9 inhibitors in patients who present with ACS. Cardiovascular outcome 

trials are warranted to evaluate clinical endpoints in this patient population. 
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FIGURE LEGENDS 

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis) 

Flow Diagram  

Figure 2. Primary Outcomes 

Figure 2A. LDL-C was significantly reduced with PCSK9 inhibitor therapy relative to 

placebo (mg/dL).  

Figure 2B. The relative change in LDL-C from baseline was significantly greater with PCSK9 

inhibitor therapy relative to placebo (%). 

Figure 2C. Lp(a) was significantly reduced with PCSK9 inhibitor therapy relative to placebo 

(nmol/L). 

Figure 3. Secondary Outcomes 

Figure 3A. Total cholesterol was significantly reduced with PCSK9 inhibitor therapy relative 

to placebo (mg/dL).  

Figure 3B. Triglycerides were significantly reduced with PCSK9 inhibitor therapy relative to 

placebo (mg/dL). 

Figure 3C. Apo B levels were significantly reduced with PCSK9 inhibitor therapy relative to 

placebo (mg/dL). 

Figure 3D. HDL-C was significantly increased with PCSK9 inhibitor therapy relative to 

placebo (mg/dL). 

Figure 3E. The number of patients who achieved LDL-C <55 mg/dL at 4 weeks was 

significantly higher in those treated with PCSK9i as compared with placebo. 

Figure 3F. The number of patients who achieved LDL-C <70 mg/dL at 4 weeks was 

significantly higher in those treated with PCSK9 inhibitors as compared with placebo. 

Figure 4. The incidence of any adverse events was not significantly different in those treated 

with PCSK9 inhibitors as compared with placebo.  
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Table 1. Baseline Characteristics of Included Studies 

 

 Number of 

patients, n  

PCSK9i, n 

(%) 

Time to first 

dose of 

PCSK9i, ± 

SD 

Males, n 

(%) 

Mean age, ± 

SD (years) 

ACS 

PCSK9i, n 

(%) 

ACS 

placebo, n 

(%) 

Previous 

statin 

treatment, n 

(%)b  

HTN, n (%) DM, n (%)c Previous 

MI, n (%) 

Previous 

PCI, n (%) 

Follow-up 

(weeks) 

EVOPACS 

2019  

308 Evolocumab: 

155 (50.3) 

Placebo: 153 

(49.7) 

<72h after 

NSTE-ACS 

< 24h after 

STEMI 

Evolocumab: 

128 (83) 

Placebo: 123 

(80) 

Evolocumab: 

60.5 ± 12 

Placebo: 61 

± 10.7 

NSTE-ACS: 

88 (57)  

STEMI: 67 

(43) 

NSTE-ACS: 

107 (70)  

STEMI: 46 

(30) 

Evolocumab: 

31 (20) 

Placebo: 36 

(24)  

Evolocumab: 

79 (51) 

Placebo: 85 

(56) 

Evolocumab: 

23 (15) 

Placebo: 24 

(16) 

Evolocumab: 

24 (15) 

Placebo: 19 

(12) 

Evolocumab: 

25 (16) 

Placebo: 23 

(15) 

8 

EVACS I 

2020  

57 Evolocumab: 

30 (50) 

Placebo: 27 

(50) 

<24h after 

presentation 

Evolocumab: 

22 (73) 

Placebo: 11 

(41) 

55 ± 13 NSTEMI: 30 

(100) 

 

 

NSTEMI: 27 

(100) 

 

 

34 (60) NA NA NA NA 4.3 

Okada 2020 102 Evolocumab: 

52 (51) 

Placebo: 50 

(49) 

<24h after 

PCI 

Evolocumab: 

43 (82) 

Placebo: 47 

(94) 

Evolocumab: 

66.4 ± 13.1 

Placebo: 63.4 

± 14 

NSTEMI: 4 

(7.6)  

STEMI: 48 

(92) 

NSTEMI: 9 

(18) 

STEMI: 41 

(82) 

Evolocumab: 

14 (26) 

Placebo: 12 

(24) 

Evolocumab: 

31 (59) 

Placebo: 33 

(66) 

Evolocumab: 

17 (32) 

Placebo: 14 

(28) 

Evolocumab: 

1 (1.9) 

Placebo: 5 

(10) 

Evolocumab: 

4 (7.6) 

Placebo: 10 

(20) 

4 

PACMAN-

AMI 2022 

300 Alirocumab: 

148 (49.3) 

Placebo: 152 

(50.7) 

<24h after 

PCI 

Alirocumab: 

124 (83.8) 

Placebo: 119 

(78.3) 

Alirocumab: 

58.4 ± 10 

Placebo: 58.6 

± 9.4 

NSTEMI: 70 

(47.3) 

STEMI: 78 

(52.7) 

NSTEMI: 72 

(47.4) 

STEMI: 80 

(52.6) 

Alirocumab: 

17 (11.5) 

Placebo: 20 

(13.2) 

Alirocumab: 

60 (40.5) 

Placebo: 70 

(46.1) 

Alirocumab: 

12 (8.1) 

Placebo: 19 

(12.5) 

Alirocumab: 

2 (1.4) 

Placebo: 5 

(3.3) 

Alirocumab: 

2 (1.2) 

Placebo: 5 

(3.3) 

52 

EPIC-

STEMI 2022 

68 Alirocumab: 

38 (55.9) 

Placebo: 30 

(44.1) 

Prior to PCI. 

Time from 

symptom 

onset to PCI: 

3.65h ± 2.25 

Alirocumab: 

27 (71) 

Placebo: 28 

(93.3) 

Alirocumab: 

61.4 ± 11 

Placebo: 63.6 

± 10.4 

STEMI: 38 

(100) 

STEMI: 30 

(100) 

Alirocumab: 

8 (21) 

Placebo: 8 

(26.7) 

NA Alirocumab: 

5 (13.16) 

Placebo: 1 

(3.33) 

Alirocumab: 

3 (7.9) 

Placebo: 3 

(10) 

NA 12 

HUYGENS 

2022 

161 Evolocumab: 

80 (49.7) 

Placebo: 81 

(51.3) 

6.5 daysa 

 

 

Evolocumab:

60 (75) 

Placebo: 55 

(67.9) 

Evolocumab: 

60.9 ± 10.0 

Placebo: 60.2 

± 9.2 

NSTEMI: 80 

(100) 

 

 

NSTEMI: 81 

(100) 

Evolocumab: 

75 (93.8) 

Placebo: 78 

(96.3) 

Evolocumab: 

45 (56.3) 

Placebo: 33 

(40.7) 

Evolocumab: 

13 (16.3) 

Placebo: 14 

(17.3) 

Evolocumab: 

5 (6.3) 

Placebo: 9 

(11.1) 

Evolocumab: 

9 (11.3) 

Placebo: 12 

(14.8) 

52 
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aMean time from NSTEMI to baseline imaging was 2.3 days. Mean time from baseline imaging to randomization was 4.2 days;  
bLow/moderate and high intensity statin;  
cPatients with and without insulin treatment;  

ACS = acute coronary syndrome;  

DM = diabetes mellitus;  

HTN = hypertension;  

MI = myocardial infarction;  

n = number of patients;  

NA = not available;  

NSTE-ACS = non-ST-segment elevation acute coronary syndrome;  

NSTEMI = non-ST-segment-elevation myocardial infarction;  

PCI = percutaneous coronary intervention;  

PCSK9i = proprotein convertase subtilisin/kexin type 9 inhibitor;  

STEMI = ST-segment-elevation myocardial infarction. 
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FIGURES 

 

Figure 1  
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Figure 2  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21  

Figure 3 
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Figure 4 
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APÊNDICE 

 eTable 1. Risk of bias summary for randomized studies (RoB 2). 

Study 

Bias arising from the 

randomization 

process 

Bias due to deviations 

from intended 

interventions 

Bias due to missing 

outcome data 

Bias in measurement 

of the outcome 

Bias in selection of the 

reported result 
Overall risk of bias 

EVOPACS, 2019 Low Low Low Low Low Low 

EVACS I, 2020 Low Low Some concernsa Some concernsa Low Some concerns 

Okada, 2022 Low High Low Low Low High 

PACMAN-AMI, 2022 Low Low Low Low Low Low 

EPIC-STEMI, 2022 Low Low Low Low Low Low 

HUYGENS, 2022 Low Low Low Some concerns Low Some concerns 

a No published information available 
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eFigure 1. Funnel plots for LDL-C levels at follow-up (1A), % change of LDL-C from baseline (1B), Lp(a) levels at follow-up (1C), total 

cholesterol levels at follow-up (1D), triglycerides levels at follow-up (1E), Apo B levels at follow-up (1F), HDL-C levels at follow-up (1G), 

number of participants with LDL-C <55 mg/dL at 4 weeks (1H), and number of participants with LDL-C <70 mg/dL at 4 weeks (1I) and 

adverse events of any cause (1J) showed no definitive evidence of publication bias. 
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ANEXO 1: Normas de publicação da revista American Journal of Cardiology 

Your Paper Your Way 

We now differentiate between the requirements for new and revised submissions. You may 

choose to submit your manuscript as a single Word or PDF file to be used in the refereeing 

process. Only when your paper is at the revision stage, will you be requested to put your paper 

in to a 'correct format' for acceptance and provide the items required for the publication of 

your article. 

To find out more, please visit the Preparation section below. 

Introduction 

Published 24 times a year, The American Journal of Cardiology® is an international journal 

designed for cardiovascular disease specialists and internists with a subspecialty in 

cardiology. AJC is an independent, scientific, peer-reviewed journal of original articles that 

focus on the practical, clinical approach to the diagnosis and treatment of cardiovascular 

disease. AJC has one of the fastest acceptance to publication times in cardiology. Articles 

report on systemic hypertension, methodology, drugs, pacing, arrhythmia, preventive 

cardiology, congestive heart failure, valvular heart disease, congenital heart disease, and 

cardiomyopathy. Also included are editorials, readers' comments, and symposia. 

Before you begin 

Ethics in publishing 

Please see our information on Ethics in publishing. 

Human rights 

If the work reported involves the use of human subjects, the author should ensure that the 

work described has been carried out in accordance with The Code of Ethics of the World 

Medical Association (Declaration of Helsinki) for experiments involving 

humans https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-

for-medical-research-involving-human-subjects/ ; Uniform Requirements for manuscripts 

submitted to Biomedical journals http://www.icmje.org. The author should include a 

https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/
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statement in the manuscript that informed consent was obtained for experimentation with 

human subjects. The privacy rights of human subjects must always be observed. 

Declaration of competing interest 

Corresponding authors, on behalf of all the authors of a submission, must disclose any 

financial and personal relationships with other people or organizations that could 

inappropriately influence (bias) their work. Examples of potential conflicts of interest include 

employment, consultancies, stock ownership, honoraria, paid expert testimony, patent 

applications/registrations, and grants or other funding. All authors, including 

those without competing interests to declare, should provide the relevant information to the 

corresponding author (which, where relevant, may specify they have nothing to declare). 

Corresponding authors should then use this tool to create a shared statement and upload to the 

submission system at the Attach Files step. Please do not convert the .docx template to 

another file type. Author signatures are not required. 

Declaration of generative AI in scientific writing 

The below guidance only refers to the writing process, and not to the use of AI tools to 

analyse and draw insights from data as part of the research process. 

Where authors use generative artificial intelligence (AI) and AI-assisted technologies in the 

writing process, authors should only use these technologies to improve readability and 

language. Applying the technology should be done with human oversight and control, and 

authors should carefully review and edit the result, as AI can generate authoritative-sounding 

output that can be incorrect, incomplete or biased. AI and AI-assisted technologies should not 

be listed as an author or co-author, or be cited as an author. Authorship implies 

responsibilities and tasks that can only be attributed to and performed by humans, as outlined 

in Elsevier’s AI policy for authors. 

Authors should disclose in their manuscript the use of AI and AI-assisted technologies in the 

writing process by following the instructions below. A statement will appear in the published 

work. Please note that authors are ultimately responsible and accountable for the contents of 

the work. 

Disclosure instructions 

https://declarations.elsevier.com/
https://www.elsevier.com/about/policies/publishing-ethics#Authors
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Authors must disclose the use of generative AI and AI-assisted technologies in the writing 

process by adding a statement at the end of their manuscript in the core manuscript file, before 

the References list. The statement should be placed in a new section entitled ‘Declaration of 

Generative AI and AI-assisted technologies in the writing process’. 

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] 

in order to [REASON]. After using this tool/service, the author(s) reviewed and edited the 

content as needed and take(s) full responsibility for the content of the publication. 

This declaration does not apply to the use of basic tools for checking grammar, spelling, 

references etc. If there is nothing to disclose, there is no need to add a statement. 

Submission declaration and verification 

Submission of an article implies that the work described has not been published previously 

(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple, 

redundant or concurrent publication' for more information), that it is not under consideration 

for publication elsewhere, that its publication is approved by all authors and tacitly or 

explicitly by the responsible authorities where the work was carried out, and that, if accepted, 

it will not be published elsewhere in the same form, in English or in any other language, 

including electronically without the written consent of the copyright-holder. To verify 

compliance, your article may be checked by Crossref Similarity Check and other originality 

or duplicate checking software. 

Preprints 

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing 

policy. Sharing your preprints e.g. on a preprint server will not count as prior publication (see 

'Multiple, redundant or concurrent publication' for more information). 

Use of inclusive language 

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to 

differences, and promotes equal opportunities. Content should make no assumptions about the 

beliefs or commitments of any reader; contain nothing which might imply that one individual 

is superior to another on the grounds of age, gender, race, ethnicity, culture, sexual 

orientation, disability or health condition; and use inclusive language throughout. Authors 

https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/about/policies/sharing/preprint
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
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should ensure that writing is free from bias, stereotypes, slang, reference to dominant culture 

and/or cultural assumptions. We advise to seek gender neutrality by using plural nouns 

("clinicians, patients/clients") as default/wherever possible to avoid using "he, she," or 

"he/she." We recommend avoiding the use of descriptors that refer to personal attributes such 

as age, gender, race, ethnicity, culture, sexual orientation, disability or health condition unless 

they are relevant and valid. When coding terminology is used, we recommend to avoid 

offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We 

suggest using alternatives that are more appropriate and (self-) explanatory such as "primary", 

"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to 

help identify appropriate language but are by no means exhaustive or definitive. 

Reporting sex- and gender-based analyses 

Reporting guidance 

For research involving or pertaining to humans, animals or eukaryotic cells, investigators 

should integrate sex and gender-based analyses (SGBA) into their research design according 

to funder/sponsor requirements and best practices within a field. Authors should address the 

sex and/or gender dimensions of their research in their article. In cases where they cannot, 

they should discuss this as a limitation to their research's generalizability. Importantly, authors 

should explicitly state what definitions of sex and/or gender they are applying to enhance the 

precision, rigor and reproducibility of their research and to avoid ambiguity or conflation of 

terms and the constructs to which they refer (see Definitions section below). Authors can refer 

to the Sex and Gender Equity in Research (SAGER) guidelines and the SAGER guidelines 

checklist. These offer systematic approaches to the use and editorial review of sex and gender 

information in study design, data analysis, outcome reporting and research interpretation - 

however, please note there is no single, universally agreed-upon set of guidelines for defining 

sex and gender. 

Definitions 

Sex generally refers to a set of biological attributes that are associated with physical and 

physiological features (e.g., chromosomal genotype, hormonal levels, internal and external 

anatomy). A binary sex categorization (male/female) is usually designated at birth ("sex 

assigned at birth"), most often based solely on the visible external anatomy of a newborn. 

Gender generally refers to socially constructed roles, behaviors, and identities of women, men 

https://doi.org/10.1186/s41073-016-0007-6
https://doi.org/10.3897/ese.2022.e86910
https://doi.org/10.3897/ese.2022.e86910
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and gender-diverse people that occur in a historical and cultural context and may vary across 

societies and over time. Gender influences how people view themselves and each other, how 

they behave and interact and how power is distributed in society. Sex and gender are often 

incorrectly portrayed as binary (female/male or woman/man) and unchanging whereas these 

constructs actually exist along a spectrum and include additional sex categorizations and 

gender identities such as people who are intersex/have differences of sex development (DSD) 

or identify as non-binary. Moreover, the terms "sex" and "gender" can be ambiguous—thus it 

is important for authors to define the manner in which they are used. In addition to this 

definition guidance and the SAGER guidelines, the resources on this page offer further insight 

around sex and gender in research studies. 

Author contributions 

For transparency, we require corresponding authors to provide co-author contributions to the 

manuscript using the relevant CRediT roles. The CRediT taxonomy includes 14 different 

roles describing each contributor’s specific contribution to the scholarly output. The roles are: 

Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; 

Methodology; Project administration; Resources; Software; Supervision; Validation; 

Visualization; Roles/Writing - original draft; and Writing - review & editing. Note that not all 

roles may apply to every manuscript, and authors may have contributed through multiple 

roles. More details and an example. 

Changes to authorship 

Authors are expected to consider carefully the list and order of authors before submitting 

their manuscript and provide the definitive list of authors at the time of the original 

submission. Any addition, deletion or rearrangement of author names in the authorship list 

should be made only before the manuscript has been accepted and only if approved by the 

journal Editor. To request such a change, the Editor must receive the following from 

the corresponding author: (a) the reason for the change in author list and (b) written 

confirmation (e-mail, letter) from all authors that they agree with the addition, removal or 

rearrangement. In the case of addition or removal of authors, this includes confirmation from 

the author being added or removed. 

Only in exceptional circumstances will the Editor consider the addition, deletion or 

rearrangement of authors after the manuscript has been accepted. While the Editor considers 

https://www.elsevier.com/authors/policies-and-guidelines/edi#SAGER
https://credit.niso.org/
https://www.elsevier.com/authors/policies-and-guidelines/credit-author-statement
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the request, publication of the manuscript will be suspended. If the manuscript has already 

been published in an online issue, any requests approved by the Editor will result in a 

corrigendum. 

Article transfer service 

This journal uses the Elsevier Article Transfer Service to find the best home for your 

manuscript. This means that if an editor feels your manuscript is more suitable for an 

alternative journal, you might be asked to consider transferring the manuscript to such a 

journal. The recommendation might be provided by a Journal Editor, a dedicated Scientific 

Managing Editor, a tool assisted recommendation, or a combination. If you agree, your 

manuscript will be transferred, though you will have the opportunity to make changes to the 

manuscript before the submission is complete. Please note that your manuscript will be 

independently reviewed by the new journal. More information. 

Article transfer service 

This journal is part of our Article Transfer Service. This means that if the article is not 

accepted for publication in AJC, the Editor in Chief may suggest the possibility of transferring 

it to another journal for consideration for publication. You may accept or decline; if you 

accept, your article will be transferred automatically on your behalf with no need to reformat. 

More information about this can be found here: https://www.elsevier.com/authors/article-

transfer-service. 

Copyright 

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 

Agreement' (see more information on this). An e-mail will be sent to the corresponding author 

confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form or a 

link to the online version of this agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for 

internal circulation within their institutions. Permission of the Publisher is required for resale 

or distribution outside the institution and for all other derivative works, including 

compilations and translations. If excerpts from other copyrighted works are included, the 

author(s) must obtain written permission from the copyright owners and credit the source(s) in 

the article. Elsevier has preprinted forms for use by authors in these cases. 

https://www.elsevier.com/authors/submit-your-paper/submit-and-revise/article-transfer-service/scientific-managing-editors
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For gold open access articles: Upon acceptance of an article, authors will be asked to 

complete a 'License Agreement' (more information). Permitted third party reuse of gold open 

access articles is determined by the author's choice of user license. 

Author rights 

As an author you (or your employer or institution) have certain rights to reuse your 

work. More information. 

Elsevier supports responsible sharing 

Find out how you can share your research published in Elsevier journals. 

Role of the Funding Source 

Please identify who provided financial support for the research and/or preparation of the 

article and briefly describe the role of the sponsor(s), if any, in study design; in the collection, 

analysis, and interpretation of data; in writing the report; and in the decision to submit the 

article for publication. If the funding source(s) had no such involvement then this should be 

stated. Please see https://www.elsevier.com/funding. 

Funding Body Agreements and Policies 

Elsevier has established agreements and developed policies to allow authors whose articles 

appear in journals published by Elsevier to comply with potential manuscript archiving 

requirements as specified as conditions of their grant awards. To learn more about existing 

agreements and policies please visit https://www.elsevier.com/fundingbodies. 

Open access 

Please visit our Open Access page for more information about open access publishing in this 

journal. 

Language services 

Authors who feel their English language manuscript may require editing to eliminate possible 

grammatical or spelling errors and to conform to correct scientific English may wish to use 

the English language editing service available from Elsevier's WebShop. 
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See https://webshop.elsevier.com/language-editing/ or visit our customer support 

site https://service.elsevier.com for more information. 

Submission 

Submission to this journal for full length reports, case reports, review articles, editorials, 

historical studies, proceeds totally online and you will be guided stepwise through the creation 

and uploading of your files. The system automatically converts source files to a single PDF 

file of the article, which is used in the peer-review process. Please note that even though 

manuscript source files are converted to PDF files at submission for the review process, these 

source files are needed for further processing after acceptance. All correspondence, including 

notification of the Editor's decision and requests for revision, takes place by e-mail, 

eliminating the need for a paper trail. 

Submit your article 

Please submit your article via https://www.editorialmanager.com/ajc. 

Preparation 

Peer review 

This journal operates a single anonymized review process. All contributions will be initially 

assessed by the editor for suitability for the journal. Papers deemed suitable are then typically 

sent to a minimum of two independent expert reviewers to assess the scientific quality of the 

paper. The Editor is responsible for the final decision regarding acceptance or rejection of 

articles. The Editor's decision is final. Editors are not involved in decisions about papers 

which they have written themselves or have been written by family members or colleagues or 

which relate to products or services in which the editor has an interest. Any such submission 

is subject to all of the journal's usual procedures, with peer review handled independently of 

the relevant editor and their research groups. More information on types of peer review. 

MANUSCRIPTS are received with the understanding that they are submitted solely to The 

American Journal of Cardiology and, that upon submission they become the property of the 

Publisher, that the work has not been previously published, and that the data in the 
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permission of the Publisher. Statements in articles are the responsibility of the authors. 
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separate page, double-spaced, after the references within the text document. Clearly mark 
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.xls, .pdf, and .doc files are accepted.). Do not import figures into the text document. 
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for “negative” or “absent” and a dash (–) for “no information available” or “not done.” Do not 

use “yes”, “no” or “none.” 
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article, you submit usable color figures then Elsevier will ensure, at no additional charge, that 
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color reproduction in print. Further information on the preparation of electronic artwork. 
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A letter concerning a particular article in the Journal must be received (from authors within 

the US) within 2 months of the article's publication. 

Brief Reports 

Reports on important new results that fall within the scope of the journal may be submitted 

under this category. These papers should not exceed 1,000 words in length and should be 

formatted as unstructured paragraphs. Table and figure legends are included within the word 

limit. An abstract is not required. Brief Reports may include one Table and Figure and up to 

10 references. No supplementary material. 

Data references 

This journal encourages you to cite underlying or relevant datasets in your manuscript by 

citing them in your text and including a data reference in your Reference List. Data references 

should include the following elements: author name(s), dataset title, data repository, version 

(where available), year, and global persistent identifier. Add [dataset] immediately before the 

reference so we can properly identify it as a data reference. The [dataset] identifier will not 

appear in your published article. 

Preprint references 

Where a preprint has subsequently become available as a peer-reviewed publication, the 

formal publication should be used as the reference. If there are preprints that are central to 

your work or that cover crucial developments in the topic, but are not yet formally published, 

these may be referenced. Preprints should be clearly marked as such, for example by 

including the word preprint, or the name of the preprint server, as part of the reference. The 

preprint DOI should also be provided. 

Reference management software 

Most Elsevier journals have their reference template available in many of the most popular 

reference management software products. These include all products that support Citation 

Style Language styles, such as Mendeley. Using citation plug-ins from these products, authors 

only need to select the appropriate journal template when preparing their article, after which 

citations and bibliographies will be automatically formatted in the journal's style. If no 

template is yet available for this journal, please follow the format of the sample references 
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and citations as shown in this Guide. If you use reference management software, please 

ensure that you remove all field codes before submitting the electronic manuscript. More 

information on how to remove field codes from different reference management software. 

Reference style 

List all authors, year, volume, and inclusive pages for all journal references, and specific page 

numbers for all book references as shown below. Do not use periods after authors' initials or 

after abbreviations for titles of journals. Check Index Medicus or Annals of Internal 

Medicine (June 1982) as cited above for journal titles/abbreviations. Personal communications 

and unpublished observations do not constitute references, but may be mentioned within the 

text. Articles with incorrect reference formats will not be processed. Do not use “et al” – the 

names of all authors must be included. All references must be typed out at the end of the 

article on a new page. 
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Yorke University Press, 1984:903. 

Video data 

Elsevier accepts video material and animation sequences to support and enhance your 

scientific research. Authors who have video or animation files that they wish to submit with 

their article are encouraged to include links to these within the body of the article. This can be 

done in the same way as for an illustration or table by referring to the video or animation 

content and noting in the body text where it should be placed. All submitted files should be 

properly labeled so that they directly relate to the video file's content. To ensure that your 

https://service.elsevier.com/app/answers/detail/a_id/26093/
https://service.elsevier.com/app/answers/detail/a_id/26093/


39  

video or animation material is usable, please provide the files in one of our recommended file 

formats with a maximum size of 50 MB. Video and animation files supplied will be published 

online in the electronic version of your article in Elsevier Web products, including 

ScienceDirect: https://www.sciencedirect.com. Please supply still photos with your files: you 

can choose any frame from the video or animation or make a separate image. These will be 

used instead of standard icons and will personalize the link to your video data. For more 

detailed instructions please visit our video instruction pages 

at https://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be 

embedded in the print version of the journal, please provide text for both the electronic and 

the print version for the portions of the article that refer to this content. 

Data visualization 

Include interactive data visualizations in your publication and let your readers interact and 

engage more closely with your research. Follow the instructions here to find out about 

available data visualization options and how to include them with your article. 

Supplementary data 

Elsevier accepts electronic supplementary material to support and enhance your scientific 

research. Supplementary files offer the author additional possibilities to publish supporting 

applications, high-resolution images, background datasets, sound clips, and more. 

Supplementary files supplied will be published online alongside the electronic version of your 

article in Elsevier Web products, including ScienceDirect: https://www.sciencedirect.com. To 

ensure that your submitted material is usable, please provide the data in one of our 

recommended file formats. Authors should submit the material in electronic format together 

with the article and supply a concise and descriptive legend for each file. For more detailed 

instructions please visit our artwork instruction pages 

at https://www.elsevier.com/artworkinstructions. 

Research data 

This journal encourages and enables you to share data that supports your research publication 

where appropriate, and enables you to interlink the data with your published articles. Research 

data refers to the results of observations or experimentation that validate research findings, 
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which may also include software, code, models, algorithms, protocols, methods and other 

useful materials related to the project. 

Below are a number of ways in which you can associate data with your article or make a 

statement about the availability of your data when submitting your manuscript. If you are 

sharing data in one of these ways, you are encouraged to cite the data in your manuscript and 

reference list. Please refer to the "References" section for more information about data 

citation. For more information on depositing, sharing and using research data and other 

relevant research materials, visit the research data page. 

Data linking 

If you have made your research data available in a data repository, you can link your article 

directly to the dataset. Elsevier collaborates with a number of repositories to link articles on 

ScienceDirect with relevant repositories, giving readers access to underlying data that gives 

them a better understanding of the research described. 

There are different ways to link your datasets to your article. When available, you can directly 

link your dataset to your article by providing the relevant information in the submission 

system. For more information, visit the database linking page. 

For supported data repositories a repository banner will automatically appear next to your 

published article on ScienceDirect. 

In addition, you can link to relevant data or entities through identifiers within the text of your 

manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 

734053; PDB: 1XFN). 

Research Elements 

This journal enables you to publish research objects related to your original research – such as 

data, methods, protocols, software and hardware – as an additional paper in a Research 

Elements journal. 

Research Elements is a suite of peer-reviewed, open access journals which make your 

research objects findable, accessible and reusable. Articles place research objects into context 

by providing detailed descriptions of objects and their application, and linking to the 
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associated original research articles. Research Elements articles can be prepared by you, or by 

one of your collaborators. 

During submission, you will be alerted to the opportunity to prepare and submit a manuscript 

to one of the Research Elements journals. 

More information can be found on the Research Elements page. 

Data statement 

To foster transparency, we encourage you to state the availability of your data in your 

submission. This may be a requirement of your funding body or institution. If your data is 

unavailable to access or unsuitable to post, you will have the opportunity to indicate why 

during the submission process, for example by stating that the research data is confidential. 

The statement will appear with your published article on ScienceDirect. For more 

information, visit the Data Statement page. 
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