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Aim: Exploring the risk factors of prognosis in patients undergoing percutaneous coronary intervention (PCI) is of great importance. Our aim of the study is to investigate the association between variability in total cholesterol (TC) level and major adverse cardiovascular and cerebrovascular events (MACCE) in patients after PCI.

Methods: Between April 2004 and December 2009, 909 patients who underwent primary PCI and with at least three TC values were included in the final study. TC variability was calculated using four indices: standard deviation (SD), coefficient of variation (CV), the average successive variability (ASV), variability independent of the mean (VIM). MACCE comprised all-cause mortality, non-fatal myocardial infarction (MI), unplanned revascularization, hospitalization for heart failure, and non-fatal stroke.

Results: There were 394 cases of MACCE during the follow-up period. When the subjects were divided into quartile groups by CV of TC, high CV groups were associated with a higher hazard ratio of MACCE than for lower CV groups. In multivariable adjusted models, TC variability and MACCE remained correlated [HR (95% CI): Q2, 1.17 (0.86–1.58); Q3, 1.38 (1.03–1.85); Q4, 1.63 (1.22–2.17)]. Similar patterns of MACCE were noted by quartiles of SD, ASV, and VIM.

Conclusion: Visit-to-visit TC variability is positively correlated with MACCE in patients after PCI.
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INTRODUCTION

Percutaneous coronary intervention (PCI) is the major therapy of coronary artery disease (CAD) (1). However, there are still a significant proportion of patients with major adverse cardiovascular and cerebrovascular events (MACCE) after PCI (2). In order to reduce the incidence of MACCE, it is particularly important to explore the risk factors of prognosis. The main risk factors include diabetes mellitus (DM), hypertension, dyslipidaemia, smoking, obesity, and so on (3–7).

Abnormal blood lipid metabolism is a risk factor for CAD (8). It has been well-established that high concentrations of total cholesterol (TC) are associated with greater CAD risk. Serum total cholesterol contribute to atherosclerosis and fluctuations of blood cholesterol level may be independently associated with adverse outcomes (9, 10). Therefore, monitoring and management blood lipid after PCI is essential.

Recently, the visit-to-visit cholesterol variability is under the spotlight. A high visit-to-visit variability in cholesterol levels was suggested to be an independent predictor of major adverse cardiovascular events (MACE) (11). A previous study showed that the visit-to-visit variability in fasting measurements of high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C) are predictive of coronary events (12). A study demonstrated that, for general population, total cholesterol (TC) variability is a vital risk factor (11). Another study suggested that the visit-to-visit variability in LDL-C, HDL-C, and non-HDL-C in post-PCI patients can be considered as a predictor of adverse cardiovascular events (13). However, few previous studies have directly assessed the role of TC variability as a predictor of MACCE among post-PCI patients. Therefore, we sought to evaluate the prognostic impact of TC variability in patients undergoing PCI.



METHODS

Research was carried out according to The Code of Ethics of the World Medical Association (Declaration of Helsinki) and was approved by the Guangdong Provincial People's Hospital Ethics Committee. Written consents were obtained from participating patients.


Patients

In this study, we recruited patients from “CHD club” of Guangdong Cardiovascular Institute, Guangdong Provincial People's Hospital. Subjects were those CHD patients who have had PCI between April 2004 and December 2009. CHD secondary prevention educations were provided to patients by a regular doctor in the “CHD club,” which include lifestyle adjustment instructions and drug treatments. Biochemical investigations were also conducted during hospitalization and 1, 3, 6, 12, 24, and 36 months after PCI. All blood lipid measurements were carried out in the same testing institution to avoid bias caused by different measuring instruments. Among the 2,258 patients enrolled in this club, 909 patients with at least three TC values were included in the final study. Baseline data was collected from the time of PCI.



PCI and Medications

PCI was performed by experienced interventional cardiologists according to standard national practice as described in previous researches (14). The use of statins, antiplatelet agents (aspirin/clopidogrel), β-adrenergic blocking agents, angiotensin-converting enzyme inhibitors, diuretics, or inotropic drugs was based on the discretion of the attending cardiologist according to clinical protocol derived from national interventional guidelines.



Variability Measurements

TC values were measured during hospitalization and 1, 3, 6, 12, 24, and 36 months after PCI. In this study, patients completing the baseline TC values and at least 2 post-baseline TC values were included in analyses. TC variability was defined as intra-individual variability in TC values between visits. Four indices of variability were used: (1) standard deviation (SD), (2) coefficient of variation (CV), (3) the average successive variability (ASV), which refers to the average absolute difference between successive values, (4) variability independent of the mean (VIM). VIM was calculated as 100 × SD/Meanbeta, where beta is the regression coefficient, on the basis of natural logarithm of SD on the natural logarithm of mean (15). The mean of TC measurements is 4.64 and the number of TC measurements per patient ranged from 3 to 7: 3 measurements (n = 247, 27.2%), 4 measurements (n = 221, 24.3%), 5 measurements (n = 177, 19.5%), and 6 measurements (n = 139, 15.3%), 6 measurements (n = 139, 14.3%), and 7 measurements (n = 125, 13.8%).



Clinical Outcomes and Follow-Up

Annual telephone follow-up was conducted by trained research assistants for all participants according to standardized protocols, which guaranteed the reliability of the survey. The endpoint of the study was the major adverse cardiovascular and cerebrovascular events (MACCE). Components of MACCE included all-cause mortality, myocardial infarction (MI), unplanned revascularization, hospitalization for heart failure, and non-fatal stroke.



Statistical Analysis

We categorized subjects into four groups according to the quartile distribution of TC variability. The Kaplan-Meier curves was used to analyze survival and disease-free probability, and the log-rank test was performed to analyze the significance of the difference between groups. The Cox proportional hazards regression model was performed to calculate the 95% confidence interval (95% Cl) and hazard ratios (HR) values of different outcomes. Three multivariable models were conducted: in Model one, age, sex, BMI, and smoking history were adjusted; Model two was adjusted for the variables in model one plus diabetes and hypertension; Model three was adjusted for the variables in model two plus mean TC value and lipid-lowering agents. Sensitivity analyses were also performed. Statistical analyses were performed using SPSS (IBM SPSS 26.0, SPSS Inc). A P < 0.05 was considered statistically significant.




RESULTS


Baseline Characteristics of Participants

Follow-up ranged from 48 to 59 months (median follow-up, 53 months). Table 1 shows characteristics of subjects according to CV quartiles. Subjects with higher TC variability were more likely to have dyslipidaemia and need to use lipid-lowering agents more frequently. These patients were more frequently atorvastatin treatment. There were no statistically significant differences of mean TC level between groups (4.5 ± 0.9 mmol/L). The CV values of TC in the Q1-Q4 groups were 6.1 ± 2.4, 12 ± 1.3, 16.8 ± 1.7, and 25.9 ± 5.5%, respectively. We found that there is no significant difference in the first TC measurement months after PCI between quartiles. The first TC measurement of the included patients usually measured in 1 months after PCI (Supplementary Table S6). For details of baseline characteristics according to quartiles of SD, ASV and VIM, see Supplementary Materials (Supplementary Tables S1–3).


Table 1. Baseline characteristics of subjects to the total cholesterol variability (coefficient of variation).
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Visit-to-Visit TC Variability and MACCE

There were 394 cases of MACCE during the follow-up period. When the subjects were divided into quartile groups by CV of TC, high CV groups were associated with a higher hazard ratio of MACCE than the lower CV groups. TC variability and MACCE still remained correlated in Model 4 [HR (95% CI): Q2, 1.17 (0.86–1.58); Q3, 1.38 (1.03–1.85); Q4, 1.63 (1.22–2.17)]. Similar patterns of MACCE were noted by quartiles of SD, ASV and VIM. An additive effect of the variability of TC on the risk of MACCE was identified (Table 2). The Kaplan-Meier cumulative MACCE-free survival curves by quartiles of TC variability measured as different indices showed that the presence of high variability of TC was associated with higher incidences of MACCE after PCI (Figure 1).


Table 2. Hazard ratios and 95% confidence intervals of MACCE by quartiles of total cholesterol variability.
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FIGURE 1. Kaplan-Meier estimates of MACCE-free probability by quartiles of total cholesterol variability measured as four indices: (A) K-M curve by CV; (B) K-M curve by SD; (C) K-M curve by ASV; (D) K-M curve by VIM.




Sensitivity Analysis

Findings were similar when SD, ASV, and VIM were used to determine the variability of TC. Even after full multivariable adjustment, TC variability as measured by SD, ASV, or VIM was also an independent predictor of MACCE (Table 2, Figure 1). The relation between TC variability and MACCE still remained significant when excluding subjects with dyslipidaemia (see Supplementary Material, Supplementary Table S4). Furthermore, we performed time-dependent Cox regression analysis. Similar results were observed when using the mean TC value as time-varying covariates (see Supplementary Materials online, Supplementary Table S5).




DISCUSSION

To our knowledge, this is the first study reporting the relationship between visit-to-visit TC variability and long-term cardiovascular outcomes in patients with previous PCI. In this study, we demonstrated that TC variability was significantly associated with increased risk for MACCE in patients with previous PCI, even after adjustment for age, sex, BMI, smoking history, diabetes, hypertension, and lipid-lowering agents. The results remained significant when use other indices of TC variability and by several sensitivity analyses. The relationship between TC variability and MACCE still remained significant when subjects with dyslipidaemia were excluded. Therefore, it is important to monitoring variability in cholesterol levels among post-PCI patients without dyslipidaemia. This finding indicates that visit-to-visit TC variability may be novel biometrics for monitoring response to lipid-lowering therapy and a predictor of MACCE in post-PCI patients.

Acute coronary syndrome (ACS) is one of leading cause of death in the world (16). PCI has tremendous progress on the management of patients with ACS, which dramatically reduces the cardiovascular mortality and disability rates (17, 18). However, there are still life-threatening complications after PCI, such as death, MI and stroke (19). Therefore, it is necessary to identify modifiable risk factors for prognosis in post-PCI patients (20–22).

Variability in biological parameters has been considered as biomarkers with the prognostic value in many studies. Although these parameters are different in mechanisms, these fluctuations in biological indicators such as blood pressure, heart rate, and lipid levels may contribute to and be predictors of clinical outcomes. Visit-to-visit blood pressure variability is studied the most (23–25). In a randomized controlled trial of 13,803 patients with hypertension, the level of visit-to-visit systolic blood pressure variability was reported to be associated with the risk of cardiovascular events (24). Although cholesterol level is considered one of the most contributing risk factors for the prognosis of PCI, the correlation between cholesterol variability and CVD has been little investigated, especially in patients who underwent PCI.

A study with 3,656,648 subjects reported that in the multivariable adjusted model, the HR and 95% CI of CV for all-cause mortality, MI, and stroke were, respectively, 1.26 (1.24–1.28), 1.08 (1.05–1.11), and 1.11 (1.08–1.14) (11). In our study, results shows that in post-PCI patients, the HR and 95% CI for the highest vs. lowest quartiles of CV of TC are 1.63 (1.22–2.17) for MACCE. It indicates that TC variability level may have a greater impact on adverse clinical outcomes in patients after PCI than in the general population. In another study with 1,792 subjects, LDL-, HDL-, and non-HDL-cholesterol variability was demonstrated to be significantly associated with increased risk for MACCE in post-PCI patients (13). Our study finds that the level of TC variability is also an independent predictor of MACCEs in patients who underwent PCI. Further study is required to determine which cholesterol variability is the best.


Limitations

The retrospective single-center design is the main limitation of our study. To overcome this limitation, more rigorous and long-term multicenter studies are needed in the future. Secondly, dosage information of lipid-lowering agents was unavailable. Thirdly, the information about dietary habits and medication compliance was not available. These limitations make it hard for us to analyze the factors contributing to high variability. Lastly, only the Chinese population was included in the study and therefore our results cannot be extrapolated to other ethnicities.




CONCLUSIONS

In conclusion, TC variability is a predictor of MACCE in patients who underwent PCI. The results of this study provide new clinical significance for continuous monitoring of TC levels in patients after PCI. Future studies should explore factors influencing lipid variability and clarify the relationship between interventions to reduce lipid variability and clinical outcomes. The development of long-acting lipid-lowering drugs may be of great help.
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6124
03+0.1
03+02
45+18
7131.9)
200 (87.7)
51(22.4)
44(193)
160 (70.2)

73(45.3)

57(35.4)
11(68)
15(0.9)
5@.1)

19+12

Q2 (n=227)

64.2 +10.4
178 (78.4)

23929
44+£09

1213
05+0.1
0602
91
75(33)
208 (91.6)
50(22)
59 (26)
190 (83.7)

99(52.4)

64(33.9)
14(7.4)
6(32)
6(32)

1.7+£1.0

Q3 (n=227)

63,6492
179 (78.9)
2432
45%08

1681.7
0802
0803
12513
84(37)
198 (87.2)
62(27.9)
79 (34.8)
187 (82.4)

101 (54.3)
49(26.3)
12(65)
158.1)
9(4.8)

1811

Q4 (n=227)

619+ 10.9
171 (75.9)
2423
45£09

259455
12+04
1.3+06

192+ 4.1
80(35.2)
195 (85.9)
64(28.2)
106 (46.7)
180 (79.9)

105 (58)
54(29.8)
739
10(5.5)
528
1911

Overall (1 = 909)

635+ 10.2
692 (76.1)
24+3
45£09

152£7.9
07£04
07£05
113£59
310 (34.1)
801 (88.1)
227 (25)
288 (31.7)
717 (789)

378 (52.7)
224 (312)
446.9)
46 (6.4)
25(3.5)
18+1.1

TC, total cholesterol: CV, coefficient of variation; SD, standard deviation; ASV, the average successive variabilty; VIM, variability independent of the mean.

P-value

0.077
0.276
0.698
0.617

<0.001
<0.001
<0.001
<0.001
0.575
0267
0.284
<0.001
0.002
0.245
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