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Abstract.11

BACKGROUND: Despite the considerable progress made in preventative methods, medication, and interventional therapies,12

it remains evident that cardiovascular events (CVEs) continue to be the primary cause of both death and morbidity among13

individuals diagnosed with coronary artery disease (CAD).14

OBJECTIVE: To compare the connection between lipoprotein a (Lp[a]), fibrinogen (Fib), and both parameters combined with15

all-cause mortality to detect their value as prognostic biomarkers.16

METHODS: This is a retrospective study. Patients diagnosed with CAD between January 2007 and December 2020 at the17

Guangdong Provincial People’s Hospital (China) were involved in the study. 43,367 patients met the eligibility criteria. The Lp(a)18

and Fib levels were distributed into three tertile groups (low, medium, and high). All of the patients included in the study were19

followed up for all-cause mortality. Kaplan–Meier and Cox regression were performed to determine the relationship between20

Lp(a), Fib, and all-cause mortality. A concordance statistics model was developed to detect the impact of Fib and Lp(a) in terms21

of anticipating poor outcomes in patients with CAD.22

RESULTS: Throughout a median follow-up of 67.0 months, 6,883 (15.9%) patients died. Participants with high Lp(a) (above23

27.60 mg/dL) levels had a significantly higher risk for all-cause mortality than individuals with low Lp(a) levels (below24

11.13 mg/dL; adjusted hazard ratio [aHR] 1.219, 95% confidence interval [CI]: 1.141–1.304, p < 0.001). Similarly, patients with25

high Fib levels (above 4.32 g/L) had a significantly greater risk of developing all-cause mortality compared with those with26

reduced Fib levels (below 3.41 g/L; aHR 1.415, 95% CI: 1.323–1.514, p < 0.001). Patients with raised Lp(a) and Fib levels27

had the maximum risk for all-cause mortality (aHR 1.702; 95% CI: 1.558–1.859, p < 0.001). When considered together, Lp(a)28

and Fib caused a significant elevation of the concordance statistic by 0.009 (p < 0.05), suggesting a higher value for predicting29

mortality when combining the two indicators.30

CONCLUSION: High Lp(a) and Fib levels could be used as predictive biomarkers for all-cause mortality in individuals with31

CAD. The prediction accuracy for all-cause mortality improved after combining the two parameters.32
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1. Introduction34

The prognosis of individuals with coronary artery disease (CAD) varies widely. Despite the considerable35

progress made in preventative methods, medication, and interventional therapies, it remains evident that36

cardiovascular events (CVEs) continue to be the primary cause of both death and morbidity among37

individuals diagnosed with CAD [1]. Accurate early risk stratification could facilitate the delivery38

of timely treatment for patients with CAD and may improve treatment outcomes in these cases. In39

recent years, researchers have identified serum biomarkers that are associated with an elevated risk of40

atherosclerotic events [2]. Many of these biomarkers, such as lipoprotein, C-reactive protein, and others,41

either alone or in combination, have been integrated into risk prediction models to assess whether their42

inclusion improves prediction accuracy [3]. However, there remains a lack of large-scale clinical studies43

on CAD-related biomarkers.44

Lipoprotein a (Lp[a]) can increase atherosclerosis progression and promote blood clot formation while45

inhibiting the dissolution of blood clots (fibrinolysis). As a result, Lp(a) has been acknowledged as an46

independent atherosclerotic cardiovascular disorder risk factor [4,5,6]. Apolipoprotein a (Apo[a]) is a47

structural element of Lp(a) [7]. The fourth kringle of Apo(a) shares similarities with the plasminogen48

domain that binds with fibrin and ultimately interferes with the process of fibrinolysis [8]. Fibrinogen49

(Fib) is a glycoprotein present in the blood that has a vital function in the blood clotting mechanism.50

However, high levels of Fib can increase the risk of thrombus formation [9]. Numerous investigations51

have found a connection between raised Fib and Lp(a) levels and the risk of developing CAD [10,11,12,52

13]. Moreover, some studies have revealed that when Fib and Lp(a) are considered in combination (rather53

than in isolation), they can enhance the predictive value for the occurrence of both stable CAD (SCAD)54

and acute coronary syndrome (ACS) [14,15]. However, the relationship between these parameters and55

mortality remains unclear. To address this issue, in this investigation, we aimed to compare the connection56

between Lp(a), Fib, and both parameters combined with all-cause mortality to detect their value as57

prognostic biomarkers.58

2. Methods59

2.1. Study design and participants60

This investigation depended on information obtained from the Cardiorenal Improvement study (Clin-61

icaltrials.gov NCT04407936). Patients who underwent coronary angiography (CAG) at Guangdong62

Provincial People’s Hospital (China) between January 2007 and December 2020 were eligible for this63

study.64

Inclusion criteria: (1) aged above 18 years; (2) received a diagnosis of CAD based on the 10th Revision65

Codes of the International Classification of Diseases (ICD-10; I20.xx–I25.xx, I50.00001, and I91.40001);66

(3) the standard used for diagnosing CAD was a coronary artery stenosis degree exceeding 50%.67

Exclusion criteria: (1) patients with blood diseases (white blood cell count 6 3.5 × 109/L or > 20 ×68

109/L); (2) a history of cancer; (3) patients with renal disease, determined as an estimated glomerular69

filtration rate (eGFR) below 30 mL/min/1.73m2 or receiving dialysis [16]; (4) patients who lacked Lp(a)70

and Fib data, or gave up treatment during hospitalisation, or had missing follow-up mortality information.71

The patient recruitment process is shown in Fig. 1.72
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Fig. 1. Study flowchart.

2.2. Ethical considerations73

This investigation was authorised by the Ethics Committee of Guangdong Provincial People’s Hospital74

and followed the principles set out in the Declaration of Helsinki.75

2.2.1. Grouping76

Grouping was conducted based on the data characteristics of this study. All of the patients were divided77

into three subgroups according to the tertiles of plasma Lp(a) levels as follows: low (L), medium (M),78

and high (H). The Lp(a)-L levels were 11.13 mg/dL or less; Lp(a)-M levels were between 11.13 and79

27.60 mg/dL; and Lp(a)-H levels were above 27.60 mg/dL. Similarly, the participants were distributed80

into 3 additional groups according to the tertiles of plasma Fib levels as follows: Fib-L, consisting of81

levels rated 3.41 g/L or less; Fib-M, consisting of Fib levels between 3.41 and 4.32 g/L; and Fib-H,82

reflecting Fib levels above 4.32 g/L.83

To test the link between Fib and Lp(a) with all-cause mortality, the patients were categorised into 984

groups as follows: Group 1: Lp(a)-L + Fib-L; Group 2: Lp(a)-L + Fib-M; Group 3: Lp(a)-L + Fib-H;85

Group 4: Lp(a)-M + Fib-L; Group 5: Lp(a)-M + Fib-M; Group 6: Lp(a)-M + Fib-H; Group 7: Lp(a)-H86

+ Fib-L; Group 8: Lp(a)-H + Fib-M; Group 9: Lp(a)-H + Fib-H [17].87

2.2.2. Basic information88

Basic patient information was obtained from the computerised medical managing system of the89

Guangdong Provincial People’s Hospital, which included demographic features, comorbidities, lab90

investigations, and drugs prescribed upon discharge. The comorbidities extracted from the medical records91

included a history of arterial fibrillation (AF), chronic kidney disease (CKD), congestive heart failure92

(CHF), percutaneous coronary intervention, diabetes mellitus (DM), and acute myocardial infarction93

(AMI). Chronic kidney disease is characterised by an eGFR that falls below 60 ml/min/1.73 m2 [18] All94

other comorbidities were defined using the diagnostic codes as determined by the ICD-10.95

2.2.3. Lipoprotein a and fibrinogen measurement96

Measurements of patients’ Lp(a) and Fib levels were taken on admission to the hospital via a blood97

sample. The Lp(a) concentration was determined using an immunoturbidimetry chemistry analyser98
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(AU5800 Analyzer, Beckman Coulter, Brea, California), while the Fib concentration was measured via99

quantitative latex turbidimetric test using a CA-7000 automatic coagulation analyser (Sysmex Corporation,100

Kobe, Japan).101

2.3. Endpoint definitions102

The main endpoint was the incidence of all-cause mortality, which was described as any death that103

took place between the participant’s enrolment in the study and the follow-up period’s conclusion on104

31 December 2023. The median follow-up for patients was 67.0 months (the 25–75 percentile is 41.2–105

99.8 months). The follow-up records were obtained by qualified nurses during outpatient or telephone106

consultations and recorded by research assistants according to the ICD-10 nomenclature.107

2.4. Statistical analysis108

The patients were subsequently divided into the all-mortality and alive groups based on their survival109

status at the completion of the follow-up period. Whether the variables showed normal distribution was110

evaluated using visual (histograms, probability curves) and analytical (Kolmogorov–Smirnov or Shapiro–111

Wilk tests) methods [19]. The means and standard deviation were utilised to summarise the normally112

distributed continuous variables, which were analysed employing a t-test. Median and interquartile ranges113

were employed to summarise the non-normally distributed continuous variables, which were compared114

utilising a non-parametric test. The categorical variables were assessed by measuring them in percentages115

or absolute numbers; thereafter, they were analysed using Pearson’s chi-squared test.116

Kaplan–Meier curves were employed to examine patient prognoses, and Cox proportional hazards117

analysis was conducted to test the connection between Fib and/or Lp(a) in the all-cause mortality among118

individuals with CAD. A concordance statistics (C-statistic) model was developed to detect the impact119

of Fib and Lp(a) administration on the original model (based on age, gender, DM, CKD, smoking,120

hypertension, and lipid levels) as it related to expecting poor outcomes in patients with CAD. The121

analyses of all data were conducted using version 4.3.2 of the R software program and the riskRegression122

R package [20]. All of the statistical tests conducted were two-tailed, and p < 0.05 was considered to be123

statistically significant.124

3. Results125

3.1. Baseline characteristics126

Typically, 14,5267 patients experienced CAG during the data collection period, 99,699 of whom were127

diagnosed with CAD. Following the exclusion of cases that did not meet the eligibility criteria of this128

investigation, 43,367 remained (Fig. 1). The mean participant age was 62.67 ± 10.59 years, and 10,100129

(23.3%) were women. Table 1 illustrates the baseline features of the participants of this cohort study.130

Throughout a median follow-up time of 67.0 months (the 25–75 percentile is 41.2–99.8 months),131

6,883 patients died. The patients in the all-cause mortality group were older (p < 0.001) and had a132

greater incidence of CHF, DM, AF, CKD, AMI, and stroke (p < 0.001 for all). Individuals in the all-133

cause mortality group exhibited markedly elevated baseline concentrations of Fib and lipid parameters134

encompassing lip(a), haemoglobinA1c, high-density lipoprotein cholesterol and Apo(a). Moreover, this135

cohort manifested diminished levels of eGFR compared with their counterparts in the surviving group. No136

statistically significant variation was detected in the intake of medicines, such as angiotensin-converting137

enzyme inhibitors/angiotensin receptor blockers, dual antiplatelet drugs, statins, and beta-blockers.138
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Table 1
Baseline features of the patients

Characteristic* Total, (N = 43,367) Death, (n = 6,883) Survival, (n = 36,484) p-value
Demographic features

Age, years, mean (SD) 62.67 (10.59) 66.39 (10.70) 61.97 (10.42) < 0.0001
Female, n (%) 10,100 (23.3) 1,459 (21.2) 8,641 (23.7) < 0.0001

Medical history
Hypertension, n (%) 24,092 (55.6) 3,883 (56.4) 20,209 (55.4) 0.1203
CHF, n (%) 5,250 (12.1) 1,447 (21.0) 3,803 (10.4) < 0.0001
CKD, n (%) 7,833 (18.1) 2,136 (31.0) 5,697 (15.6) < 0.0001
Stroke, n (%) 2,363 (5.4) 513 (7.5) 1,850 (5.1) < 0.0001
PCI, n (%) 32,575 (75.1) 5,085 (73.9) 27,490 (75.3) 0.0101
AMI, n (%) 7,788 (18.0) 1,471 (21.4) 6,317 (17.3) < 0.0001
Atrial fibrillation, n (%) 1685 (3.9) 428 (6.2) 1,257 (3.4) < 0.0001
DM, n (%) 14,450 (33.3) 2,497 (36.3) 11,953 (32.8) < 0.0001

Laboratory tests
HbA1c, %, mean (SD) 6.51 (1.38) 6.67 (1.49) 6.48 (1.36) < 0.0001
CHOL, mmol/L, mean (SD) 4.49 (1.21) 4.45 (1.17) 4.50 (1.21) 0.0006
LDLC, mmol/L, mean (SD) 2.80 (0.96) 2.74 (0.95) 2.81 (0.96) < 0.0001
HDLC, mmol/L, mean (SD) 0.99 (0.25) 0.99 (0.27) 0.99 (0.25) < 0.0001
TRIG, mmol/L, mean (SD) 1.68 (1.24) 1.53 (1.05) 1.70 (1.27) < 0.0001
Lipoprotein(a), mg/dL, mean (SD) 29.47 (31.97) 32.16 (34.20) 28.96 (31.51) < 0.0001
APOA, g/L, mean (SD) 1.11 (0.25) 1.12 (0.25) 0.83 (0.23) < 0.0001
APOB, g/L, mean (SD) 0.85 (0.24) 0.85 (0.24) 0.66 (0.27) < 0.0001
Fibrinogen,g/L, mean (SD) 4.08 (1.25) 4.30 (1.38) 4.04 (1.22) < 0.0001
eGFR, mL/min/1.73 m2, mean (SD) 79.94 (23.58) 71.79 (22.84) 81.48 (23.41) < 0.0001

Medications
Statins, n (%) 40886 (94.3) 6396 (92.9) 34490 (94.5) 0.8611
Dual antiplatelet drugs, n (%) 34322 (79.1) 5429 (78.9) 28893 (79.2) 0.0619
ACEI/ARB, n (%) 30987 (71.5) 5054 (73.4) 25933 (71.1) 0.0812
β-blockers, (%) 34910 (80.5) 5411 (78.6) 29499 (80.9) 0.0748

*The mean value (standard deviation) were utilized to summarize the normally distributed continuous variables, which were
analyzed employing the t-test. Median [interquartile range] were employed to summarize the non-normally distributed continuous
variables, which were compared utilizing the non-parametric test. The categorical variables were assessed by number of
participants (percentage) or absolute numbers and then analyzed utilizing the Pearson chi-squared test. p-value: Comparison
between the Death group and the Survival group. LPa, lipoprotein(a); AMI, acute myocardial infarction; PCI, percutaneous
coronary intervention; CKD, chronic kidney disease; CHO, serum total cholesterol; TG, triglycerides; APOA, apolipoprotein A;
CHF, congestive heart failure; APOB, apolipoprotein B; DM, diabetes mellitus; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; ACEI/ARB, angiotensin-converting
enzyme inhibitor/angiotensin receptor blocker.

3.2. Impact of Lp(a) and Fib on all-cause mortality incidence139

The occurrence of all-cause mortality was the lowest in the Lp(a)-L group (13.35%), followed by the140

Lp(a)-M (14.65%) and Lp(a)-H (19.65%) (p < 0.0001) groups. Similarly, the occurrence of all-cause141

mortality was the lowest in the Fib-L group (14.02%), followed by the Fib-M (16.32%) and Fib-H142

(17.28%) (p < 0.0001) groups. The Kaplan–Meier survival curves (Fig. 2a, b) revealed that the Lp(a)-H143

and Fib-H groups exhibited the highest rates of all-cause mortality, whereas the Fib-L and Lp(a)-L groups144

demonstrated the lowest mortality rates (p < 0.0001).145

The univariate Cox regression models revealed that the Lp(a)-M and Lp(a)-H groups indicated a 1.133146

and 1.203-fold greater risk, respectively, of all-cause mortality, compared with the Lp(a)-L and (Lp(a)-M147

groups (hazard ratio [HR]; 95% confidence interval [CI]: 1.133 [1.067–1.202], p < 0.001; Lp(a)-H: HR148

[95% CI] 1.203 [1.134–1.275], p < 0.001). Similarly, the univariate Cox regression models revealed that149

the Fib-M and Fib-H groups exhibited a 1.129 and 1.548-fold greater risk, respectively, of experiencing150
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Fig. 2. Kaplan-Meier curves for the cumulative hazard in Fib, Lp(a), and combined groups. (a) Lp(a) groups, (b) Fib groups, (c)
combined groups.

all-cause mortality compared with the Fib-L group (Fib-M: HR [95% CI] 1.161 [1.061–1.201], p <151

0.001; Fib-H: HR (95% CI) 1.548 [1.461–1.640], p < 0.001). Following the adjustment of confounding152

variables, the statistical significance of the relationship between the 2 Lp(a) groups (Lp[a]-M: HR [95%153

CI] 1.117 [1.044–1.196], p = 0.001; Lp[a]-H: HR (95% CI) 1.219 [1.141–1.304], p < 0.001) was154

unchanged in the multivariate Cox regression models. However, in the Fib groups, after adjusting for155

confounders, the Fib-M group was no longer connected with the risk of developing all-cause mortality156

(Fib-M: HR [95% CI] 1.072 [0.998–1.15], p = 0.057), whereas the Fib-H remained significantly linked157

with all-cause mortality (Fib-H: HR [95% CI] 1.415 [1.323–1.514], p < 0.001).158

3.3. Interrelationship of Lp(a), Fib Levels and all-cause mortality159

The all-cause mortality was the lowest in the Lp(a)-L and Fib-L models (12.54%), followed by Lp(a)-L160

+ Fib-M (14.31%), Lp(a)-L + Fib-H (13.53%), Lp(a)-M + Fib-L (13.70%), Lp(a)-M + Fib-M (14.96%),161

Lp(a)-M + Fib-H (15.33%), Lp(a)-H + Fib-L (17.36%), Lp(a)-H + Fib-M (19.51%), and Lp(a)-H +162

Fib-H (20.96%) (p < 0.001). As illustrated in Fig. 2c, the cumulative event frequency reached a maximum163

in the Lp(a)-H + Fib-H group (p < 0.001). The HRs in relation to the Lp(a)-L and Fib-L groups are164

summarised in Table 2. The Lp(a)-H + Fig-H group had the maximum risk of all-cause mortality (HR165

[95% CI] 1.592 [1.437–1.736], p < 0.001) after adjustment of the confounding variables.166

3.4. Constructing the risk prediction model167

The C-statistic of the original model was 0.643 (95% CI: 0.635–0.651). The administration of Lp(a)168

significantly enhanced the C-statistic by 0.008 (p < 0.05), while the addition of Fib enhanced the C-169

statistic by 0.002 (p < 0.05). The addition of Fib and Lp(a) to the model significantly improved the170

C-statistic by 0.009 (p < 0.05) (Table 3).171

4. Discussion172

The impact of Fib and Lp(a) levels on mortality risk in individuals with CAD remains unclear.173

Accordingly, we conducted a large retrospective cohort study to assess the influence of Lp(a) and Fib on174

mortality risk and developed a novel prediction model for patients with CAD. To achieve this aim, we175

first explored the Lp(a) and Fib baseline levels’ effect on adverse medical outcomes following CAD. Our176

results indicated that raised Fib and Lp(a) concentrations were significantly linked with an enhanced risk177

of developing long-term adverse events, even after adjusting the confounding risk factors. Subsequently,178

179
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Table 3
C-statistic of Lp(a) and Fib categories for anticipating all-cause mortality

Models C-statistic (95% CI) ∆C-statistic (95% CI) p-value
Original model 0.643 (0.635–0.651) – < 0.05
Original model+Lp(a) categories 0.651 (0.643–0.660) 0.008 (0.008–0.009) < 0.05
Original model + Fib categories 0.645 (0.636–0.653) 0.002 (0.001–0.002) < 0.05
Original model + combined categories 0.652 (0.644–0.660) 0.009 (0.009–0.009) < 0.05
The original model included age, gender, diabetes mellitus, chronic kidney disease, smoking,
hypertension, and hyperlipidemia as risk factors.

we discovered that high Lp(a) and Fib levels could increase the risk of developing all-cause mortality180

1.219 and 1.415-fold, respectively. However, patients in the Lp(a)-H and Fib-H group had a 1.592-fold181

greater all-cause mortality risk. In addition, the predictive model based on both Lp(a) and Fib promoted182

the prognostic performance for adverse events by 0.009.183

Although several studies evaluated the Fib and Lp(a) effect on the risk of developing main adverse184

cardiovascular and cerebrovascular events (MACCE) in individuals with CAD, the findings remain185

controversial. Some investigations revealed the vital function of Fib and/or Lp(a) in promoting cardio-186

vascular disorder development [21,22,23,24,25] and CVEs [26,27,28,29,30,31] The ‘PROCAM’ study187

showed that, compared with healthy men with low low-density lipoprotein (LDL) and Fib levels, patients188

with high LDL and Fib levels had a 6.1-fold raised risk of developing coronary conditions like sudden189

cardiac mortality, as well as fatal and nonfatal AMI. Additionally, Fib was also an independent CAD190

risk factor (P < 0.05) in the PROCAM study [32]. An observational single-centre investigation showed191

that, compared to traditional risk factors, raised Lp(a) levels can enhance the risk of developing MACCE192

by a factor of 2 in patients with suspected CAD who had been subjected to CAG [33]. Conversely, a193

nested case-control study found no connection between baseline Lp(a) levels and the risk of developing194

coronary events or ischemic stroke in patients who received dalcetrapib after experiencing acute coronary195

syndrome [34]. The ‘LURIC’ study enrolled 3,313 subjects with established coronary heart disease196

and showed that although coronary heart disease severity was linked with high Lp(a) levels and the197

presence of Lp (a) single-nucleotide polymorphisms (rs10455872 and rs3798220), no relationship was198

detected between Lp(a) and all-cause and cardiovascular mortality [35]. The variation in the LURIC199

study outcomes may have been due to the different study populations and endpoint events.200

The present investigation successfully identified raised levels of Lp(a) and Fib as significant risk factors201

that are associated with the occurrence of long-term adverse outcomes, even after the adjustment of202

confounders. The effect of inflammation on the development and advancement of atherosclerosis is crucial203

since it may involve plaque instability and the progression of cardiovascular disorders [36]. In this regard,204

Lp(a) can impact the anti-inflammatory pathway, trigger vasodilation mediated by nitric oxide, and alter205

the balance of procoagulant and anticoagulant agents within blood vessel walls [37]. It also participates206

in the construction of atheromatous plaques, which may cause ischemic and stenosis events. High Fib207

levels (above 3.5 g/L) have been associated with several inflammatory diseases, including CAD [38,208

39]. Additionally, Lp(a) exhibits a significant resemblance to plasminogen and exerts anti-fibrinolytic209

impacts through its Apo[a] constituent [6]. A crucial component of the fibrinolytic system, Fib adds to the210

complexity of this relationship. Elevated levels of Lp(a) and Fib can potentially disrupt the inflammatory211

and coagulation pathways, thereby increasing the risk of CVEs [40].212

To date, very few investigations have evaluated the influence of Lp(a) and Fib on prognosis in individuals213

with CAD. The Quebec Cardiovascular Study showed that high Fib and Lp(a) levels can significantly214

increase the CAD risk in men who are free of clinical CAD [41]. However, this study exclusively215

assessed the susceptibility to CAD in an ostensibly healthy male population. In contrast, our investigation216
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encompassed both male and female patients diagnosed with CAD, revealing a heightened risk of all-cause217

mortality associated with elevated levels of Lp(a) and Fib-H. Caiyan Cui et al. found that patients with218

ACS had an elevated risk of developing MACCE, all-cause mortality, nonfatal myocardial infarction and219

stroke, as well as revascularisation if their Fib levels exceeded 3.08 g/L and their Lp(a) levels were above220

300 mg/L [13]. The Lp(a)-and-Fib-based model further enhanced the prediction accuracy for developing221

adverse events in these patients [14]. Similarly, Yan Zhang et al. showed that combining Fib and Lp(a) can222

promote the prediction of recurrent CVEs in angiographically proven stable individuals with CAD [15].223

Consistent with these studies, we also found that the incorporation of Fib and Lp(a) levels could improve224

the all-cause mortality prediction. However, compared to previous studies, our research had a larger225

patient cohort, a longer follow-up time, and different endpoints. In addition, we also included patients226

with SCAD and ACS.227

4.1. Limitations228

Our investigation has several restrictions that must be acknowledged. While it is vital to note that this229

study was observational and conducted within a single centre, which restricted our capacity to draw direct230

causal effects, the study nonetheless benefitted from a substantial sample size and a lengthy follow-up231

period. Therefore, the present research still provides a robust representation of patients with CAD in232

southern China. Additionally, Fib and Lp(a) levels were obtained only at the starting point and may have233

altered over time. Therefore, further research is necessary to examine the long-term effect of Lp(a) and234

Fib levels on prognosis.235

5. Conclusion236

High Lp(a) and Fib levels can significantly increase the all-cause mortality risk in individuals with237

CAD. However, the combined use of both parameters improved the prediction for all-cause mortality,238

even after accounting for confounders. Our Lp(a) and Fib model can be used to stratify patients with CAD239

based on the mortality risk, thereby optimising the monitoring of high-risk patients. However, further240

longitudinal investigations are essential to confirm the validity of the model.241
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