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Background: The current burden of dyslipidemia, the pre-hospital application of statins and the association of pre-hospital statins with the severity of coronary artery disease (CAD) and in-hospital outcomes in Chinese patients with first acute coronary syndrome (ACS) are very significant and remain unclear.

Methods: A total of 41,183 patients who underwent coronary angiography and were diagnosed with ACS for the first time from a nationwide registry study (CCC-ACS) were enrolled. The severity of CAD was assessed using the CAD prognostic index (CADPI). The patients were classified into statin and non-statin groups according to their pre-hospital statin treatment status. Clinical characteristics, CADPI and in-hospital outcomes were compared, and a logistic regression analysis was performed to determine whether pre-hospital statin therapy is associated with in-hospital outcomes and CADPI. A sensitivity analysis was used to further explore the issues above.

Results: The non-statin group had more in-hospital all-cause deaths (1.2 vs. 0.8%, P = 0.010). However, no association exists between statin pretreatment and in-hospital major adverse cardiovascular events (MACEs) or all-cause deaths in the entire population and subgroups (all P > 0.05). Surprisingly, statin pretreatment was associated with an 8.9% higher risk of severely obstructive CAD (CADPI ≥ 37) (OR, 1.089; 95% CI, 1.010–1.175, P = 0.028), and similar results were observed in subgroups of females, those aged 50 to 75 years, and patients with hypertension.

Conclusion: Statin pretreatment was not related to MACEs or all-cause death during hospital stay, but it was associated with a higher risk of increased angiographic severity in patients with first ACS.
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1. Introduction

Coronary artery disease (CAD) remains the leading cause of mortality worldwide (1, 2). Moran et al. (3) reported that China is predicted to experience a 69% increase in the incidence of CAD in 2020–2029 compared with 2000–2009. Acute coronary syndrome (ACS) is a more severe and acute manifestation of CAD.

Dyslipidemia is an independent risk factor for CAD, and statin therapy is well established for the primary and secondary prevention of cardiovascular diseases. Each 1 mmol/L reduction in low-density lipoprotein cholesterol (LDL-C) with statin therapy reduces the risk of major adverse cardiovascular events (MACEs) by approximately one-fifth (4–7). Hence, the current burden of dyslipidemia in patients with ACS and the pre-hospital application of statins among Chinese patients with ACS should be evaluated.

Some studies have investigated the association of statin pretreatment with cardiovascular outcomes, but the results remain controversial. Ndrepepa et al. found that pretreatment of statins before percutaneous coronary intervention (PCI) was associated with a significant reduction of 1-year mortality in patients with stable angina (8). Two meta-analysis of fifteen randomized controlled trials found that high-dose statin pretreatment can significantly reduce MACE after PCI (9–11). However, another study from Anzhen Hospital found that preoperative statin therapy did not reduce the risk of mortality and MACCE during the hospital stay following successful PCI (12). And SECURE-PCI Randomized Clinical Trial also showed that among patients with ACS and planned invasive management with PCI, periprocedural loading doses of atorvastatin did not reduce the rate of MACE at 30 days (13). Therefore, the role of statin pretreatment therapy remains controversial.

In the current study, we investigated the pre-hospital application of statins and the current burden of dyslipidemia and determined the relationship between pre-hospital statin treatment and angiographic severity [evaluated with the CAD prognostic index (CADPI)] and in-hospital outcomes in patients with first ACS in a nationwide registry study with ‘real-world’ settings: the Improving CCC (Care for Cardiovascular Disease in China) ACS project (14).



2. Materials and methods


2.1. Study design and participants

CCC-ACS(NCT02306616), a national hospital-based quality improvement program, aims to increase adherence to ACS guidelines in China and to improve patient outcomes. Launched in 2014, the project had recruited 150 centers representing the diversity of care for ACS patients in tertiary hospitals across China at the time of the current study. For additional details, please refer to the published paper (14).

The inclusion criterion of the present study was the first occurrence of ACS, including unstable angina (UA), non-ST-segment elevation myocardial infarction (NSTEMI) and STEMI. The exclusion criteria were as follows: without CAG (coronary angiography) check, renal failure, past AMI, past PCI or CABG, history of stroke and heart failure, and lack of clarity about the application of pre-hospital statins, myocardial injury markers, severe clinical conditions at admission and in-hospital outcomes. After exclusion, 41,183 of 63,641 inpatients with first ACS were registered between April 2014 and June 2017 from 150 hospitals. This study was approved by the ethics committee of Beijing Anzhen Hospital, Capital Medical University.



2.2. Coronary artery disease prognostic index (CADPI)

The CADPI classification is hierarchical (0–100), and patients are assigned to the most severe category that applies to them. The CADPI cut-off point (≥37 versus <37) was selected to reflect > 70% stenosis in > 1 major epicardial coronary artery, which is a clinically actionable threshold for revascularization; this is also the cut-off point at which a survival benefit has been demonstrated previously for revascularization (15–17). Details are shown in Supplementary material (Supplementary Table 1).



2.3. In-hospital outcomes

The outcomes of this study included MACEs and all-cause deaths that occurred during hospitalization. MACEs were defined as a combination of cardiogenic death, recurrent myocardial infarction, stent thrombosis, and ischemic stroke.



2.4. Related definitions

STEMI and NSTEMI are defined for study inclusion according to the recommended diagnostic criteria of the STEMI guidelines of 2010 and the non–ST-elevation ACS (NSTE-ACS) guidelines of 2012 issued by the CSC (18, 19). Because the diagnosis criteria for UAP vary between hospitals, we defined the inclusion criteria for UAP in CCC-ACS as described in the published paper (14). Other clinical history of diseases, including cerebrovascular disease, heart failure, atrial fibrillation cardiac shock and cardiac arrest, was defined according to the notes on the original medical records. Hypertension was defined as having a history of hypertension or systolic blood pressure (SBP) ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg at admission. Elevated myocardial injury markers (five-fold) (including troponin I, troponin T or creatine kinase isoenzymes-MB (CK-MB)) were defined as levels higher than five-fold of the upper reference limit (20). Current smoking was defined as smoking in the preceding 1 year according to the medical records of the patients. Dyslipidemia: total cholesterol level of 6.2 mmol/L (240 mg/dL) or higher, or low-density lipoprotein cholesterol level of 4.1 mmol/L (160 mg/dL) or higher when presenting at the hospital. The lipid-lowering treatment goals recommended by AHA/ACC in 2018 were LDL-C target levels < 1.8 mmol/L (70 mg/dl) for patients with arteriosclerotic cardiovascular disease (ASCVD) (21). Pre-hospital medicine treatment was defined as receiving statins pre-admission (two weeks before admission), including all types of statins. All these data, including a history of diabetes and other medical history, were obtained from the patients’ medical records.



2.5. Statistical analysis

Statistical analyses were performed using SPSS 23.0 (SPSS Inc., Chicago, IL). Continuous variables were summarized using the mean ± standard deviation (SD) or median (IQR), and categorical variables were presented by counts and percentages. Continuous variables between two groups were compared by the two-sided t-test or the Mann–Whitney U test according to the normality of the distribution. Continuous variables between three or more groups were compared by an ANOVA or the Kruskal-Wallis test according to the normality of the distribution. Categorical variables were assessed with the Chi-square test. We used Cox regression analysis to calculate HRs and 95% confidence intervals (CIs) for in-hospital outcomes comparisons. Cox regression were constructed based on a 15-day observation. Hazard ratios (HRs) for different variables and corresponding 95% confidence intervals (CIs) were reported. A binary logistic regression was performed to examine the association between statin pretreatment and in-hospital outcomes or CADPI. Odds ratios (ORs) with 95% confidence intervals (CIs) were reported. Subgroup analyses of in-hospital outcomes and CADPI were then performed based on important characteristics, including age (younger than 50 years, between 50 and 75, or 75 years and older), sex (male or female), hypertension (no or yes), diabetes mellitus (DM, no or yes), PCI (no or yes), and Killip class (I-II or III-IV). Two-tailed p values of less than 0.05 were considered statistically significant.




3. Results


3.1. Baseline characteristics of patients with first ACS

A total of 5,224 (12.7%) patients with first ACS had a history of pre-hospital statin treatment. As showed in Table 1. The mean ages of the non-statin and statin groups were 59.7 ± 11.9 and 59.7 ± 11.3 years, respectively (P = 0.876). The statin group contained a higher proportion of females than the non-statin group (23.4 vs. 21.7%, P = 0.006). Fewer patients in the statin group had five-fold elevated myocardial injury markers than in the non-statin group (51.6 vs. 72.7%, P < 0.001).


TABLE 1    Clinical characteristics of patients.
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3.2. Lipid status in patients with first ACS

As shown in Table 1, the LDL-C levels were significantly lower in the statin group than in the non-statin group [2.43 (1.87–3.07) vs. 2.76 (2.20–3.38) mmol/L, P < 0.001]. A total of 29,202 (89.9%) and 3,779 (80.6%) patients in the non-statin and statin groups (P < 0.001) did not meet the lipid-lowering treatment goals [LDL-C < 1.8 mmol/L (70 mg/dl)] for patients with arteriosclerotic cardiovascular disease (ASCVD), respectively. Similar to LDL-C, total cholesterol levels were also further decreased in the statin group compared with the non-statin group [4.09 (3.38–4.83) vs. 4.48 (3.79–5.25) mmol/L, P < 0.001]. However, pre-hospital statin treatment did not increase the HDL-C levels [statin vs. non-statin: 0.99 (0.84–1.19) vs. 1.03 (0.87–1.24) mmol/L, P < 0.001] and did not result in any differences in triglycerides between the 2 groups [statin vs. non-statin: 1.46 (1.08–2.08) vs. 1.45 (1.03–2.12) mmol/L, P = 0.065].



3.3. In-hospital outcomes in patients with ACS

As shown in Table 2 and Figure 1, the percentage of patients with severely obstructive CAD (CADPI ≥ 37) did not differ between the two groups (P = 0.435). A total of 473 patients died during hospitalization (1.2% in the non-statin group and 0.8% in the statin group, P = 0.010). However, the rates of MACEs did not differ between the two groups (1.8 vs. 1.5%, P = 0.177).


TABLE 2    In-hospital clinical outcomes and CADPI of patients with first ACS.
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FIGURE 1
In-hospital outcomes and severely obstructive CAD (CADPI ≥ 37) in patients with first ACS. (A) Rate of in-hospital MACE in the non-statin and statin groups. (B) Rate of in-hospital all-cause death in the non-statin and statin groups. (C) Rate of CADPI ≥ 37 in the non-statin and statin groups. CADPI, coronary artery disease prognostic index; MACE, major adverse cardiovascular event. A value of P < 0.05 was considered statistically significant.




3.4. Independent risk factors of in-hospital MACE and severely obstructive CAD (CADPI ≥ 37)

To further explore the effect of pre-hospital statin treatment on in-hospital outcomes in patients with first ACS, we conducted a logistic regression analysis. As shown in Table 3, pre-hospital statin treatment showed no association with in-hospital MACE (odds ratio (OR), 0.991; 95% confidence interval (CI), 0.722–1.360, P = 0.955) and all-cause death (OR, 0.970; 95% CI, 0.611–1.540, P = 0.898) after controlling for confounders. Surprisingly, statin pretreatment was associated with an 8.9% higher risk of severely obstructive CAD (CADPI ≥ 37) (OR, 1.089; 95% CI, 1.010–1.175, P = 0.028). In addition, a Cox regression about MACE/all-cause death was employed based on the in-hospital stay (within 15 days) and statin pretreatment and the results showed no association with MACE/all-cause death (HR, 0.941; 95% CI, 0.662–1.340, P = 0.738 and HR, 0.914; 95% CI, 0.564–1.483, P = 0.716, respectively) after controlling for confounders (Table 4).


TABLE 3    Independent predictors of in-hospital MACE, all-cause death and severely obstructive CAD (CADPI ≥ 37).
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TABLE 4    Cox regression analysis about in-hospital MACE or all-cause death in patients with first ACS based on the in-hospital stay (within 15 days).
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The subgroup analysis is shown in the forest graph (Figure 2). Pre-hospital statin treatment had no association with MACE or all-cause death in all subgroups. However, statin pretreatment showed a higher risk for severely obstructive CAD (CADPI ≥ 37) in certain subgroups, particularly in females, patients aged 50 to 75 years, and patients with hypertension.
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FIGURE 2
Subgroup analysis for the association between pre-hospital statin treatment and in-hospital outcomes or severely obstructive CAD (CADPI ≥ 37). (A) Association between pre-hospital statin treatment and in-hospital MACE. (B) Association between pre-hospital statin treatment and in-hospital all-cause death. (C) Association between pre-hospital statin treatment and severely obstructive CAD (CADPI ≥ 37). DM, diabetes mellitus; PCI, percutaneous coronary intervention; CADPI, coronary artery disease prognostic index; MACE, major adverse cardiovascular event. A value of P < 0.05 was considered statistically significant. Adjusted variables for MACE finally included age, sex, current smoking, early family history of CAD, hypertension, DM, ACS type, Killip class, HR, severe clinical conditions at admission (cardiac shock, cardiac arrest and HF), pre-hospital medicine (β -blockers, ACEI, ARB and statin), fivefold elevated myocardial injury marker, creatinine, LDL-C ≥ 1.8, in-hospital medicine (β -blockers, ACEI, ARB, statin and DAPT) and in-hospital PCI. Adjusted variables for all-cause death finally included age, sex, current smoking, early family history of CAD, hypertension, DM, ACS type, Killip class, HR, severe clinical conditions at admission (cardiac shock, cardiac arrest and HF), pre-hospital medicine (β -blockers, ACEI, ARB and statin), fivefold elevated myocardial injury marker, creatinine, LDL-C ≥ 1.8, in-hospital medicine (β -blockers, ACEI, ARB and statin) and in-hospital PCI. Adjusted variables for CADPI ≥ 37 finally included age, sex, current smoking, early family history of CAD, hypertension, DM, ACS type, Killip class, HR, pre-hospital medicine (β-blockers, ACEI, ARB and statin), LDL-C ≥ 1.8, and in-hospital statin.





4. Discussion

In the current study, we described the burden of dyslipidemia and clarified the association of pre-hospital statin treatment with CADPI and in-hospital MACE in patients with first ACS in China. We found that lipid management status was unsatisfactory and poor, particularly in the non-statin group. The regression analysis showed no association between pre-hospital statin treatment and in-hospital MACE or all-cause death in the entire population and in subgroups. Surprisingly, statin pretreatment was associated with a higher risk of severely obstructive CAD (CADPI ≥ 37) in the entire population and in three subgroups (females, those aged 50 to 75, and those with hypertension). To the best of our knowledge, this study is the first to report about the relationship of the application of pre-hospital statins with angiographic severity in China based on a nationwide registry study with ‘real-world’ settings and a nationally representative sample of patients from tertiary hospitals.

The 2007–2008 China National Diabetes and Metabolic Disorders Study showed that the prevalence of dyslipidemia was 67.43% in males and 63.98% in females in Chinese people aged 20 and older (22). Another study showed that the prevalence of dyslipidemia among Chinese adults is high, but the awareness, treatment and control of dyslipidemia are low based on a cross-sectional study on representative samples of the general population aged > 18 years from different urban and rural regions in China (23). Moreover, the updated blood lipids and statin application in the ACS population in a nationwide study in China has not been described. In the present study, 12.7% of patients had a history of pre-hospital statin treatment. The LDL-C levels were significantly lower in the statin group than in the non-statin group (2.6 ± 1.0 vs. 2.9 ± 1.0 mmol/L, P < 0.001). Moreover, 89.9% and 80.6% of patients in the non-statin and statin groups did not meet the lipid-lowering treatment goals (LDL-C < 1.8 mmol/L) for patients with ASCVD, respectively, and similar results were observed in the subgroups, suggesting a huge burden of potential MACEs in the future. This is a significant challenge for Chinese cardiologists, and more attention should be paid to the lipid management of patients with ACS during long-term follow-up.

Statins are highly effective for the management of hyperlipidemia and CAD (24, 25). Aside from lipid-lowering effects, statins can also inhibit platelet adhesion and thrombosis, mitigate vascular inflammation and enhance plaque stability. Statin pretreatment before myocardial ischemia attenuates infarct size and preserves myocardial function after chronic reperfusion in mice and exerts a protective effect on myocardial cells during ischemic reperfusion injury in patients with STEMI (26, 27). However, the benefits of pre-hospital statin treatment in ACS are not well established. In the current study, we found that the statin group had lower rates of death than the non-statin group. However, the regression analysis showed that statin pretreatment did not benefit patients with first ACS regarding in-hospital MACEs or all-cause death. These findings are supported by previous studies (8, 12, 28), but different conclusions were also obtained. The ARMYDA-ACS trial indicated that even short-term (80 mg 12 h before PCI) pretreatment with atorvastatin may improve outcomes in patients with ACS undergoing early invasive strategy (29). Another two meta-analyses showed similar results (30, 31). Several factors might be responsible for this difference. First, in the current study, we did not precisely address the type of statin, dose and duration, which may be attributed to the unhelpful effect of statin pretreatment for patients with ACS. Second, we only explored the in-hospital outcomes. The short time interval from onset to outcome may partly explain the negative results. Last, the study populations in the present study were patients with first ACS, which differed from previous studies. Prospective studies with long-term follow-up are necessary to further validate the results.

A previous cross-sectional study showed that statin pretreatment is associated with reduced clinical severity in patients with acute ischemic cerebrovascular events (32). However, few studies have focused on the relationship between statin pretreatment and the severity of CAD. In the present study, we found that statin pretreatment was associated with an 8.9% higher risk of severely obstructive CAD (CADPI ≥ 37). Consistent with our findings, Ndrepepa et al. (33) reported that the atherosclerotic burden was higher in patients under statin therapy. First, patients with higher disease severity prefer to use statins compared to patients with milder conditions; second, this finding may reflect the protective effects of statin therapy: statin pretreatment stabilizes plaques instead of causing rupture, thus avoiding worse outcomes, as previously described (34, 35). Notably, subgroup analyses performed based on important baseline characteristics showed the same findings: statin pretreatment was associated with a higher risk of severely obstructive CAD (CADPI ≥ 37) in females, those aged 50 to 75 years, and those with hypertension. According to a previous study, statin therapy in patients with hypertension offers a significant benefit (HOPE-3 study) (36). Moreover, statins reduce major vascular events regardless of age, but less direct evidence is available about their benefits for patients over 75 years of age (37). In addition, high-intensity statin therapy more effectively reversed coronary atherosclerosis in women with CVD than in men (38). All these findings provide support that statins might play more significant protective roles in stabilizing plaque and avoiding worse outcomes in HBP, those aged under 75 and the female population, leading to an increasing proportion of patients with severely obstructive CAD (CADPI ≥ 37).

The main mechanisms for ACS, especially fatal coronary events, is the rupture of the plaque’s protective fibrous cap. Superficial erosion, intraplaque hemorrhage, and the erosion of a calcified nodule also account for a minority (39). Thus, not only the severity of coronary artery is important, but also the stability and risk level of plaque.

It has been demonstrated that plaque statin therapies attenuate progression and strengthen plaque stability and even achieve plaque regression and it may stabilize plaque by converting its components: The ESTABLISH study clarified for the first time that statin (atorvastatin 20 mg daily) significantly reduced plaque volume (40). The PROSPECT and VIVA studies showed that the coronary plaque burden was closely related to MACE risk (41, 42). The TRUTH study also demonstrated that statin therapies reduced the fibro-fatty volume and increased the calcium volume at the same time in patients with angina pectoris (43). Another study got a similar conclusion with the TRUTH study (44). However, the PARADIGM study found that statins did not affect the progression of per centage of stenosis severity of coronary artery lesions but induced phenotypic plaque transformation (45). Taguchi et al. reported that early statin therapy reduced the necrotic core component in patients with ACS, even in the case of plaque progression (46). In the present study, we found that the prehospital statin group had a more severe stenosis score (assessed by CADPI score). There are several explanations for the seemingly contradictory conclusion: First of all, the protective effect of statin makes the plaque more stable in people with severe coronary artery disease and less prone to recurrent cardiovascular events, thus, allowing more people with severe coronary artery disease to survive. In addition, CADPI score is not as convincing as Gensini score or SYNTAX score or other intracavity evaluation methods on assessing the degree of coronary stenosis. Last, it might be attributed to the fact that people with cardiovascular risk factors, such as hyperlipidemia or carotid plaque, were more likely to have prehospital statin intervention. We did our best to control for these correlated confounding factors during the regression. Even so, this may still have influenced the conclusions. Further observations and studies on plaque phenotype and plaque burden will make the findings more convincing.

This study involved the largest nationwide registry with ‘real-world’ settings (the Improving CCC-ACS project) to investigate the relationship of pre-hospital statin treatment with the severity of disease (CADPI) and in-hospital outcomes in patients with first ACS. Some limitations of the study cannot be neglected. First, larger prospective randomized clinical trials with long-term follow-up will be necessary in the future. Second, we did not precisely address the duration, dose and class of the statins, which might have affected the results. Last, a few individuals whose basic clinical data were seriously deficient were included in this study. Hence, we did not consider people with missing data and instead used a multiple interpolation method to interpolate the data.



5. Conclusion

The initial ACS population in China has a huge burden of dyslipidemia with a low intervention rate. Pre-hospital statin intervention was not related to MACEs or all-cause death during hospital stay but was associated with a higher risk of increased angiographic severity in patients with first ACS. This is a significant challenge for Chinese cardiologists, and more attention should be paid to the lipid management of patients with ACS during long-term follow-up.
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myocardial infarction; UAP, unstable angina pectoris; HR, heart rate; HF, heart failure;
ACEI, angiotensin-converting enzyme inhibition; ARB, angiotensin receptor blocker; LDL-C,
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cardiovascular event. A value of P < 0.05 was considered statistically significant.

Adjusted variables for MACE finally included age, sex, current smoking, early family history of
CAD, hypertension, DM, ACS type, Killip class, HR, severe clinical conditions at admission
(cardiac shock, cardiac arrest and HF), pre-hospital medicine (B-blockers, ACEL, ARB and
statin), fivefold elevated myocardial injury marker, creatinine, LDL-C > 1.8, in-hospital
medicine (B-blockers, ACEI, ARB, statin and DAPT) and in-hospital PCI.

Adjusted variables for all-cause death finally included age, sex, current smoking, early family
history of CAD, hypertension, DM, ACS type, Killip class, HR, severe clinical conditions at
admission (cardiac shock, cardiac arrest and HF), pre-hospital medicine (B-blockers, ACEI,
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hospital medicine (B-blockers, ACEL, ARB and statin) and in-hospital PCI.
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farction; UAP, unstable angina pectoris; HR, heart rate; HE heart failure; ACEI, angiotensin-converting enzyme inhibition; ARB, angiotensin receptor blocker; LDL-C, low-density

lipoprotein cholesterol; DAPT, dual antiplatelet therapy; CADPI, Coronary Artery Disease Prognostic Index; MACE, major adverse cardiovascular event. A value of P < 0.05 was considered
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Model (a):

Adjusted variables included age, sex and pre-hospital statin.

Model (b):

Adjusted variables for MACE finally included age, sex, current smoking, early family history of CAD, hypertension, DM, ACS type, Killip class, HR, severe clinical conditions at admission (cardiac

shock, cardiac arrest and HF), pre-hospital medicine (B-blockers, ACEI, ARB and statin), fivefold elevated myocardial injury marker, creatinine, LDL-C > 1.8, in-hospital medicine (B-blockers,

ACEI, ARB, statin and DAPT) and in-hospital PCL

Adjusted variables for all-cause death finally included age, sex, current smoking, early family history of CAD, hypertension, DM, ACS type, Killip class, HR, severe clinical conditions at admission

(cardiac shock, cardiac arrest and HF), pre-hospital medicine (B-blockers, ACEI, ARB and statin), fivefold elevated myocardial injury marker, creatinine, LDL-C > 1.8, in-hospital medicine (B-

blockers, ACEIL, ARB and statin) and in-hospital PCL

Adjusted variables for CADPI > 37 finally included age, sex, current smoking, early family history of CAD, hypertension, DM, ACS type, Killip class, HR, pre-hospital medicine (B-blockers, ACEI,
ARB and statin), LDL-C > 1.8, and in-hospital statin.
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Values are mean =+ SD, median (IQR), or # (1, %). CADPI, coronary artery disease prognostic
index; MACE, major adverse cardiovascular event; MI, myocardial infarction. A value of

P < 0.05 was considered statistically significant.
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