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Background: Previous studies reported that patients with coronary artery disease (CAD) and well-controlled baseline LDL-C (<1.8 mmol/L) still had higher long-term all-cause mortality. However, no study has been conducted to explore the independent risk factors for long-term mortality. In addition, there also was no study evaluating the population attributable risk (PAR) of independent risk factors in combination with their prevalence and relative risk. Therefore, we aimed to identify the independent risk factors and estimate their PAR in patients with CAD and well-controlled baseline LDL-C (<1.8 mmol/L).

Methods: We analyzed 4,863 consecutive CAD patients with well-controlled baseline LDL-C admitted to Guangdong Provincial People's Hospital in China from January 2007 to December 2018. Independent risk factors for long-term all-cause death were evaluated through stepwise approach and multivariable Cox regression analysis. PAR of independent risk factors was calculated with their hazard ratio and prevalence among our cohort.

Results: The overall mortality was 16.00% (n = 778) over a median follow-up period of 5.93 years. Independent risk factors for all-cause death included malnutrition, age ≥75 years, congestive heart failure (CHF), chronic kidney disease (CKD) and atrial fibrillation. Among these risk factors of interest, the hazard ratio (HR) of severe malnutrition was the highest (HR 2.82, 95% CI: 1.86–4.26), and the PAR of mild malnutrition was the highest (19.49%, 95% CI: 0.65–36.01%).

Conclusion: Malnutrition, age ≥75 years, CHF, CKD and atrial fibrillation were independent predictors for long-term all-cause mortality in CAD patients with well-controlled LDL-C levels. Considering prevalence of these risk factors, more attention should be paid to the occurrence of mild malnutrition for these patients.

Clinical Trial Registration: ClinicalTrials.gov, identifier: NCT04407936.
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INTRODUCTION

It has been established that serum low-density lipoprotein cholesterol (LDL-C) is a key risk factor for coronary artery disease (CAD) (1–3). Guidelines also recommended LDL-C as a target for the primary and secondary prevention of CAD (1). However, LDL-C levels are not always elevated in patients with CAD (4, 5). Previous study showed CAD patients with well-controlled baseline LDL-C (<1.8 mmol/L) had higher long-term all-cause mortality than those with poorly controlled baseline LDL-C levels (≥1.8 mmol/L) (6). Currently, there is not enough information on the management of this population improving prognosis for clinicians. It is necessary to identify the independent predictors of all-cause death.

In clinical practice, prevalence of risk factors should also be taken into account. The population attributable risk (PAR) combines the relative risk of a risk factor with its prevalence in a given population to determine the proportion of outcomes associated with (or attributable to) that factor (7). It can evaluate the prevalence and risk degree of risk factors comprehensively. Therefore, this study aims to determine the independent predictors of mortality for CAD patients with baseline well-controlled LDL-C levels and estimate their PAR among a large CAD cohort.



METHOD


Study Design and Participants

The retrospective observational study was conducted in Guangdong Provincial People's Hospital, China (Clinicaltrials.gov NCT04407936) from January 2007 to December 2018. During this period, there were 88,938 patients underwent coronary angiography (CAG) and 59,667 patients were diagnosed as CAD. We excluded patients <18 years old (n = 19), prior myocardial infarction (n = 3,922), prior undergoing PCI (n = 4,996), prior undergoing coronary artery bypass grafting (n = 328), cancer (n = 659), lacking LDL-C examination (n = 1,782), missing follow-up information of mortality (n = 6,662) and LDL-C level ≥1.8 mmol/L(n = 36,366). A total of 4,863 patients were eventually included in the study (Figure 1). The study protocol was approved by the Ethics Committee of Guangdong Provincial People's Hospital (No. GDREC2019555H[R1]) and was conducted in accordance with the Declaration of Helsinki.


[image: Figure 1]
FIGURE 1. Study flow chart.




Procedures

The clinical information for each patient in cohort was extracted from the electronic Clinical Management System of the Guangdong Provincial People's Hospital. Baseline data were collected on demographic characteristics, coexisting conditions, laboratory tests, nutritional status and medication at discharge. In all patients, blood samples except lipid profiles were collected at admission or before coronary angiography (CAG) and percutaneous coronary intervention (PCI). The lipid profiles were measured by fasting blood samples which were collected between 06:00 and 08:00 in the morning. For patients admitted between 0:00 and 06:00, blood samples were collected between 06:00 and 08:00 in the morning of the same day. For the remaining patients, blood samples were collected between 06:00 and 08:00 on the next day after admission. CAG/PCI was performed in accordance with the standard clinical practice guidelines (8–10). Senior cardiologists were responsible for the data quality control and periodical data verification. Follow-up data were monitored and recorded by trained nurses through outpatient interviews and telephone follow-up. The follow-up information of patients lost to follow-up was retrieved from Guangdong Public Security System.



Clinical Outcome and Definition

The primary endpoint was long-term all-cause mortality. CAD was confirmed by CAG and discriminated according to the 10th Revision Codes of the International Classification of Diseases. Comorbidities included acute myocardial infarction (AMI), diabetes mellitus, hypertension, chronic kidney disease (CKD), atrial fibrillation, chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF) and anemia. CHF was defined as New York Heart Association (NYHA) class >2 or Killip class >1 (11). CKD was recognized as estimated glomerular filtration rate (eGFR) ≤ 60 mL/min/1.73 m2 and the eGFR was determined by the Modification of Diet in Renal Disease (MDRD) formula (12–14). Anemia was defined as hematocrit <39% for men and hematocrit <36% for women, according to the World Health Organization criteria (15). Nutritional status was assessed by the Controlling Nutritional Status (CONUT) score, a screening tool for the nutritional status of hospitalized patients (16). It was calculated by serum albumin, cholesterol, and total lymphocyte count. Different scores represent different nutritional status (0–1 is normal; 2–4 is mild malnutrition; 5–8 is moderate malnutrition; 9–12 is severe malnutrition).



Statistical Analysis

Patients were divided into 2 groups: those who died or survived during the follow-up period. Data are reported as mean (SD), median (interquartile range [IQR]), or numbers and percentages. Differences of continuous variables with normal or non-normal distributions between two groups were evaluated using independent sample student t-test or Wilcoxon rank sum test. Categorical variables were tested using Pearson chi-square test.

Risk factors which were significantly different in the two groups and with missing value <15% were included in the univariable Cox regression analysis to preliminarily determine the association with long-term all-cause mortality. When interaction or collinearity existed between variables, the modifiable or categorical one was preferred to facilitate clinical application. Correlations between LDL-C and nutritional status and its components were assessed by the Spearman correlation test. Then variables associated with all-cause mortality with p < 0.05 in the univariate analysis were enrolled in a Cox regression analysis with backward stepwise selection to determine the independent predictors of all-cause mortality in CAD patients with well-controlled LDL-C levels. Multivariable Cox regression model including all the remaining risk factors was then fitted. The results were reported as the adjusted hazard ratio (HR) and associated 95% confidence intervals (CI). Furthermore, to comprehensively consider the prevalence and HR of risk factors, the study calculated the population attributable risk (PAR). PAR was calculated using the equation PAR = P (HR-1)/ [1 + P (HR-1)], where P is the prevalence of eventually determined risk factor in our cohort. The standard error of PAR was calculated using the delta method (17). All data analysis was performed by R software, version 3.6.3 (R Foundation for Statistical Computing). The results of all analyses with p < 0.05 were considered statistically significant.




RESULT


Baseline Characteristic

Continuing with previous studies (6), this study included 4,863 CAD patients with well-controlled baseline LDL-C level (<1.8 mmol/L). Among all recruited patients, the long-term all-cause mortality rate was 16.00% (n = 778) during a median follow-up of 5.93 (IQR 4.08–8.40) years. Table 1 detailed the patient's clinical characteristics. Compared with long-term survivors, those who died during the follow-up period were more likely to be older and had higher prevalence of AMI, CHF, CKD, atrial fibrillation and anemia. In addition, the rates of moderate malnutrition and severe malnutrition were also higher.


Table 1. Baseline characteristics.
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Correlations Between LDL-C and Nutritional Status and Its Components

Figure 2 showed all correlations between LDL-C and nutritional status evaluated by CONUT score and components of CONUT score. LDL-C did not show a significant correlation with nutritional status (r = −0.08, p < 0.001). As for the correlations between LDL-C and components of CONUT score, there was no strong correlation between LDL-C and total cholesterol (r = 0.30, p < 0.001). Additionally, LDL-C was not correlated with lymphocyte count and albumin (p = 0.65 and 0.14).


[image: Figure 2]
FIGURE 2. Correlations between LDL-C and nutritional status and its components. Nutritional status is assessed by Controlling Nutritional Status (CONUT) score. Total cholesterol, lymphocyte count and albumin are components of CONUT score. *p-value for spearman correlation >0.05.




Risk Factors for All-Cause Mortality

The multivariate Cox regression analysis with backward stepwise identified that age ≥75 years (HR 1.61, 95% CI: 1.37–1.91), CHF (HR 1.84, 95% CI: 1.48–2.28), CKD (HR 1.71, 95% CI: 1.46–2.01), atrial fibrillation (HR 1.93, 95% CI: 1.34–2.79), mild malnutrition (HR 1.37, 95% CI: 1.01–1.86), moderate malnutrition (HR 1.79, 95% CI: 1.30–2.47) and severe malnutrition (HR 2.82, 95% CI: 1.86–4.26) were independently associated with long-term all-cause mortality (Table 2). The results of Cox model with additional adjustment for AMI were showed in Supplementary Table 1, which were similar as the results in above multivariate model.


Table 2. Univariate regression analysis and multivariate analysis with backward stepwise for the association between all-cause death and clinical findings during follow-up period.
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PAR of Risk Factors for All-Cause Mortality

Among these risk factors of interest of all-cause death, the prevalence was highest for mild malnutrition (65.43%), followed by CKD (24.84%), moderate malnutrition (22.17%), age ≥75 years (19.10%), CHF (8.42%), atrial fibrillation (2.73%), and the lowest was 2.70% for severe malnutrition. The PAR was highest for mild malnutrition (19.49, 95% CI: 0.65–36.01%), followed by CKD (14.99, 95% CI: 10.25–20.06%), moderate malnutrition (14.90, 95% CI: 6.24–24.58%), age ≥75 years (10.44, 95% CI: 6.60–14.81%), CHF (6.61, 95% CI: 3.88–9.73%), severe malnutrition (4.68, 95% CI: 2.27-8.09%) and atrial fibrillation (2.48, 95% CI: 0.92–4.66%) (Figure 3). The PAR based on Cox model with additional adjustment for AMI were showed in Supplementary Table 1, which were similar as the above results.


[image: Figure 3]
FIGURE 3. Population attributable risk of the independent risk factors of long-term all-cause mortality. PAR, population attributable risk; CI, confidence interval; CHF, congestive heart failure; CKD, chronic kidney disease.





DISCUSSION

To our acknowledge, it is the first study to explore the independent risk factors of long-term all-cause mortality in CAD patients with well-controlled LDL-C levels. Furthermore, this study estimated the proportion of all-cause mortality attributed to four risk factors by calculating PAR. The relative risk was highest for severe malnutrition. Considering the prevalence of identified risk factors, the highest PAR was found for mild malnutrition, followed by CKD, moderate malnutrition, age ≥75 years, CHF, severe malnutrition and atrial fibrillation.

Among these identified risk factors, malnutrition showed a significant association with poor prognosis. Previous studies reported many nutrition assessment tools, categorized as subjective nutritional screening assessment tools and objective nutrition screening tools (18). Subjective nutritional screening assessment tools such as Subjective Global Assessment (SGA) (19), Mini Nutritional Assessment (MNA) (20), Nutritional Risk Index (NRI) (21), etc. require anthropometric measurements, indication of disease severity, clinical assessment, or an extensive questionnaire addressing several aspects of nutritional intake. Although these tools can evaluate the nutrition status comprehensively, they are complex and time-consuming, which may not be convenient in clinical practice. Objective nutrition screening tools evaluate nutritional status by height, weight and/ or blood parameters which are readily available from routine clinical laboratory examination. These tools including CONUT score (16), Prognostic Nutritional Index (PNI) (22), Geriatric Nutritional Risk Index (GNRI) (23), etc. are convenient in clinical practice. Previous studies demonstrated that the CONUT score has been demonstrated as a suitable tool for evaluating the nutritional status among CAD patients (24). In our study, we useed the CONUT score as the screening tool to assess patients' nutritional status. Compared with normal nutritional status, each type of malnutrition increased the risk of all-cause mortality. Risks increased by 37%, 79% and 182% in mild, moderate and severe malnutrition. Severe malnutrition had the highest risk degree among all of the determined independent predictors. A retrospective observational study conducted by (24) also drew the same conclusion (24). Their study enrolled 5,062 patients with acute coronary syndrome and found that all three levels of malnutrition increased the risk of all-cause mortality after adjusting for confounding factors. Mild, moderate and severe malnutrition increases the risk of all-cause death by 36, 102, and 265%, respectively. In another observational cohort study, included 1,987 patients with stable CAD who underwent elective PCI (25). This study divided patients into two groups according to their CONUT score. One group was nutritionally normal and the other was malnourished which included mild, moderate and severe malnutrition. Findings of this study demonstrated that malnutrition increased the risk of a composite outcome of all-cause death and non-fatal MI by 64%. Although the relative risk of severe malnutrition is the highest, it only occurs in 2.70% of enrolled patients. After considering the prevalence of identified risk factors in the current study, our results indicated that mild malnutrition was associated with 19.49% of the occurrence of long-term all-cause mortality, which was the highest. Mild malnutrition is also the most common type of malnutrition. In the above two studies, mild malnutrition accounted for the largest proportion of malnutrition. Our results show the same phenomenon. Among all the patients, malnutrition accounted for 90.30%, and in the malnutrition, mild malnutrition accounted for 72.46%. Previous studies reported that concentration of LDL-C and total cholesterol decreased during the acute phase of AMI. acute phase of AMI. A prospective observational study involving 1,275 AMI patients, illustrated that total cholesterol and LDL-C decreased 7% and 10% after admission compared to baseline (26). Similar results were also be found in other three studies (27–29). This may lead to lower total cholesterol level in AMI patients, leading to worse nutritional status. However, our study found no effect on results after extra adjustment for AMI.

Nutritional status assessed by the CONUT score which consists of three laboratory markers: albumin, cholesterol and lymphocyte count, also reflects protein and lipid metabolism as well as immune function measured from blood tests (30). Lower albumin levels reflect increased production of catabolic cytokines, muscle catabolism, and appetite suppression, which are associated chronic inflammatory diseases (31). Cholesterol homeostasis occurs as part of innate immune response and its disruption may augment inflammatory responses (32). There are also evidences that cholesterol concentration is associated with the regulation of immune cell function which can improve antitumour activity and activate immune signaling (33–35). Lymphocyte counts reflect the host immunity and have been studied with respect to their association with nutritional status (36). A low lymphocyte percentage was shown to be independently and significantly associated with worse prognosis (37). Failure to recognize or to anticipate the development of malnutrition can increase morbidity and mortality.

Our study also showed that CKD was an independent risk factor of long-term prognosis, which was consistent with previous studies (38, 39). The results indicated that CKD had the second highest PAR for all-cause mortality and was associated with 14.99% of the death cases. Indeed, CKD is one of the major causes of long-term mortality among patients with CAD. Even after adjustment for traditional risk factors of CAD, including age, dyslipidemia, diabetes, and hypertension, the risk of long-term mortality linearly increases with deteriorating kidney function (40, 41). Previous researches have illustrated that as glomerular filtration rate (GFR) declines below 60 to 75 ml/min/1.73 m2, the risk of developing CAD increases linearly (12, 41), especially in those patients with CKD stages G3a to G4 (15-60 ml/min/1.73 m2), which have about double and triple the risk of cardiovascular death, respectively, compared with those in the non-CKD setting. With the decline of GFR, the prevalence of clinical symptoms of CAD increases, along with the prevalence of multivessel coronary artery disease, severe coronary calcification, longer atherosclerotic lesions with greater luminal encroachment, microangiopathy, left ventricular hypertrophy (LVH), and higher plaque burden. Cardiovascular malformation in patients with CKD is associated with identified (e.g., diabetes, dyslipidemia, and hypertension), potential CKD-related risk factors of CAD (e.g., CKD-mineral and bone disorder, anemia, inflammation, and oxidative stress) and the dialysis-associated factors (type, frequency, and pattern of continuous renal replacement therapy). With the continuous deterioration of renal function, the calcification of vessels also increases and is associated with mortality in advanced kidney disease (AKD); both severe calcification of the subintima and media of large vessels are associated with adverse long-term prognosis. Various studies suggest that there are significant opportunities to improve treatment of identified risk factors, and KDIGO guidelines for lipid management in CKD provide specific treatment recommendations (42). Nevertheless, there are several reasons why treatment of established risk factors of CVD is lacking, including weak evidence of effectiveness or extrapolation of evidence from the non-CKD setting. Continued work is required to better understand the interaction between CAD, CKD, and prognosis.

Based on the findings of the current study, CAD patients with well-controlled baseline LDL-C levels still have higher all-cause mortality. According to determined risk factors and their prevalence, malnutrition contributes greatly to the poor prognosis in this population. Among different degrees of malnutrition, mild malnutrition is the most common and is often overlooked by clinicians. However, mild malnutrition contributes the greatest to poor prognosis, which requires clinician's attention and timely intervention. Furthermore, mild malnutrition may be a target in the long-term management of such patients, and new prospective study involving prognosis management in these patients should be conducted to evaluate the appropriate management strategy.



LIMITATION

There were some limitations to this analysis. First, this study was a retrospective single-center study, so the prevalence of the risk factors may not be representative enough. However, Guangdong Provincial People's Hospital is the largest cardiology center in South China, and PAR can only be calculated based on observational data. Second, data of included patients were limited, without information about body weight, BMI, waist circumference or adiposity, which might help to assess nutritional status comprehensively. However, we chose the CONUT score based on three laboratory indicators as a nutritional status assessment tool. This may also objectively evaluate the nutritional status of the patient. Third, LDL-C level and total concentration decrease at the acute phase of AMI. Thus, LDL-C value and total cholesterol value before admission or later after admission may be more suitable for AMI patients. However, our study lacks such data. Finally, since this was an observational study, we can only suggest that modifying these risk factors may lead to a lower risk of long-term all-cause mortality rather than prove it. The value our results add is in providing these cost-effective targets for further intervention trials.



CONCLUSION

Malnutrition, age ≥75 years, CHF, CKD and atrial fibrillation were independent predictors for long-term all-cause mortality in CAD patients with well-controlled LDL-C levels. Severe malnutrition had the highest HR. Considering the prevalence of these risk factors, mild malnutrition contributed the greatest to the long-term all-cause mortality. More attention should be paid to mild malnutrition among patients with CAD and well-controlled LDL-C level (<1.8 mmol/L).
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