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Abstract 

 

Background and aims: The lysosomal cysteine proteases cathepsin B and S have been 

implicated in the atherosclerotic process. The present paper investigates the association 

between serum levels of cathepsin B and S and cardiovascular events and mortality in patients 

with stable coronary heart disease.  

Methods:  The CLARICOR trial is a randomised, placebo-controlled trial investigating the 

effect of clarithromycin versus placebo in patients with stable coronary heart disease. The 

outcome was time to either a cardiovascular event or all-cause mortality. The placebo group 

was used as discovery sample and the clarithromycin group as replication sample:  n=1998, 

n=1979; mean age (years) 65, 65; 31%, 30% women; follow-up for 10 years; number of 

composite outcomes n=1204, n=1220; respectively. We used a pre-defined multivariable Cox 

regression model adjusting for inflammation, established cardiovascular risk factors, kidney 

function, and use of cardiovascular drugs. 

Results: Cathepsin B was associated with an increased risk of the composite outcome in both 

samples after multivariable adjustment (discovery: multivariable ratio (HR) per standard 

deviation increase 1.12, 95% confidence interval (CI) 1.05-1.19, p<0.001, replication; HR 

1.14, 95% CI 1.07-1.21, p<0.001). There was no significant association between cathepsin S 

and the composite outcome in either the discovery or replication sample after multivariable 

adjustment (p>0.45). Secondary analyses suggest that cathepsin B was predominantly 

associated with mortality rather than specific cardiovascular events.  

Conclusions: Cathepsin B, but not serum cathepsin S, was associated with an increased risk of 

cardiovascular events in patients with stable coronary heart disease. The clinical implications 

of our findings remain to be established.  
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Introduction 

 

The lysosomal cysteine cathepsins are a subgroup of cysteine proteases, consisting of eleven 

today described and characterised members (cathepsin B, C, F, H, K, L, O, S, V, X and W). 

They are mainly located in the lysosome, contributing to autophagic degradation of cellular 

substrates. Their proteolytic activity involves degradation of the extracellular matrix and turn 

over and therefore involvement in pathophysiological process like atherosclerosis, aneurysm 

formation etc. They are also involved in the adaptive immune system by proteolytic 

maturation of the major histocompatibility complex class II antigen presentation [1]. Their 

main inhibitor is the cystatin family, the primary purpose of which is to protect against protein 

degradation-activity from escaped cathepsins [2].  

 

Cathepsins have been associated with a variety of diseases such as rheumatoid arthritis [3], 

cancer [2], neurodegenerative disease [4], aneurysm formation [1], heart failure [5], and 

metabolic disturbances such as obesity [6], diabetes [7], and dyslipidemias [8].  

Various studies have investigated cathepsin activity in atherosclerosis, and it has been 

suggested that cathepsins are causally involved in the atherosclerotic process [1, 5]. The most 

studied cathepsin in atherosclerotic disease is cathepsin S. Studies have shown that normal 

human arteries sparsely express cathepsin S, whereas cathepsin S-expression increases from 

the early fatty streaks to advanced human atherosclerotic plaques, with expression in 

macrophages and smooth muscle cells [1]. A previous study has revealed an association 

between circulating levels of cathepsin S and mortality in elderly men and women  and also 

cause-specific mortality from cancer and cardiovascular disease [9]. 

 

Cathepsin B seems to have various roles in the evolution of atherosclerotic plaques both 

extra- and intracellularly, including ApoA-I cleaving inside lysosomes [10], involvement in 
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macrophage apoptosis, and degradation of components of the extra-cellular matrix including 

degradation of collagen IV found in the fibrous cap of the atherosclerotic lesion [11]. 

Although there is a reasonable amount of experimental data regarding the role of cathepsin B 

in the evolution of atherosclerosis, less is known about prognostic ability of cathepsin B levels 

in peripheral blood in humans.  

 

Our hypothesis was that increasing levels of circulating serum cathepsin B and S were 

associated with an increased risk of cardiovascular outcome and all-cause mortality in patients 

with stable coronary heart disease [12]. Therefore, we aimed to investigate the association 

between these cathepsins and cardiovascular outcome in a long-term follow-up of the 

CLARICOR (Effect of clarithromycin versus placebo on mortality and morbidity in patients 

with ischaemic heart disease) trial [13].  
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Materials and methods 

 

Trial design and participants 

The CLARICOR trial is an investigator-initiated, randomized, placebo-controlled, multicentre 

superiority trial with blinded outcome assessment including 4372 patients with stable 

coronary heart disease. The trial was inspired by the hypothesis that coronary vulnerability 

was due to bacterial colonisation of the arterial walls [13-16]. The CLARICOR trial was 

conducted in compliance with the Declaration of Helsinki, and national laws and regulations 

(ClinicalTrials.gov NCT00121550; Regional Ethics Committee KF 01-076/99 and HB 

2009/015; the Danish Data Protection Agency 1999-1200-174 and 2012-41-0757; and the 

Danish Medicines Agency 2612–975). All patients in Copenhagen with a hospital diagnosis 

of myocardial infarction or angina pectoris (International Statistical Classification of Diseases 

(ICD) codes I20.9 to 21.9) during the years 1993 to 1999 were identified and, if alive, invited 

by mail in late 1999 to participate in the trial. During October 1999 to April 2000, eligible 

participants, after providing informed consent, were randomised to clarithromycin 500 mg 

(Klacid Uno®) per day versus placebo for 2 weeks. The participants were followed in official 

registers until December 2009 when official permissions expired (the material collected being 

available for later research initiatives such as the present work) [17-19]. The results on all-

cause mortality, cardiovascular mortality, and cardiovascular mortality outside hospitals have 

previously been published [13, 14, 17, 20]. Relevant co-morbidities and cardiovascular 

pharmacotherapies at entry were recorded. Smoking was reported from questionnaires as 

never smoked, former smoker, and current smoking.  

 

In the present sub-study, we used the placebo group in order to not muddle the picture by the 

effects of clarithromycin [12]. A replication was performed in the clarithromycin-treated 

group, to assess whether the findings were robust. After exclusion of all patients with missing 
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data on one or more variables, 1998 participants were included in the placebo group 

(discovery sample), and 1979 in the clarithromycin-treated group (replication sample). The 

individuals with missing data on one or more variables had previously been shown not to 

differ significantly from those with complete data on all variables [21].  

 

Laboratory analyses 

Standard laboratory tests were used for established laboratory variables and were performed 

on a Mindray BS380 instrument (Mindray, Shenzhen, China) with reagents from Abbott 

Laboratories (Abbott Park, IL, USA). Glomerular filtration rate (eGFR) was estimated using 

the creatinine-based CKD-EPI formula [22]. Cathepsin B and S were analysed using a 

commercially available ELISA kit (DY2176 and DY11183, R&D Systems, Minneapolis, 

Minnesota, USA) in serum samples that were frozen at the randomisation interview of the 

CLARICOR trial and stored at -70˚ C or colder. The assays had a total coefficient of variation 

(CV) of approximately 7%. All laboratory tests were performed blinded, without any 

knowledge of patient outcomes. 

 

Public register-based outcomes 

The Danish 10-digit central person registration number was linked to the National Patient 

Register, the Danish Central Civil Register, and the National Register of Causes of Death. 

For each recorded main diagnosis and for each underlying cause of death we classified the 

outcomes into: acute myocardial infarction (ICD codes I21.0–23.9); unstable angina pectoris 

(I20.0, I24.8–24.9); cerebrovascular disease (I60.0–64.9 and G45.0–46.8); peripheral vascular 

disease (I70.2–70.9); other cardiovascular diseases (I00.0–99.9 unless already covered); and 

non-cardiovascular disease (A00.0-T98.3 unless already covered)[18]. In accordance with the 

a priori defined study protocol we constructed a composite outcome comprising acute 
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myocardial infarction, unstable angina pectoris, cerebrovascular disease, or all-cause 

mortality during follow-up.  

 

Statistical methods 

Multivariable Cox proportional hazards regression models were used to study the association 

between either cathepsin B or cathepsin S and outcomes in the following models:  

Model A was adjusted for age and sex (age omitted in analyses for the composite outcome 

and all-cause mortality, see below). 

Model B was adjusted for established risk factors, co-morbidities, cardiovascular 

pharmacotherapies, and standard biochemical predictors as shown in Supplementary Table 1. 

Model B was used as the standard model for primary analysis as predefined in the study 

protocol [12]. In these models the HRs were expressed per standard deviation increase for the 

biomarker. The proportional hazards assumption for Cox regression was violated for age for 

the composite outcome and all-cause mortality (i.e. age at entry; p < 0.00056 for the 

composite outcome, and p < 0.0044 for all-cause mortality). Accordingly, we choose to omit 

age from all Cox models for those two outcomes. In order to provide additional insights into 

the potential influence of age on the association between cathepsin B and these outcomes, 

respectively, we also conducted multivariable logistic regression (with age as a co-variate). 

The association between cathepsin B and specific outcomes (acute myocardial infarction, 

unstable angina, stroke, cardiovascular mortality, and non-cardiovascular mortality) were also 

tested in both the discovery and replication sample.  

 

We used curves (penalized splines) to see the potential nonlinearity of the associations 

between cathepsin B or cathepsin S concentrations and the hazard ratio for the composite 

outcome (Supplementary figure 1 and 2).   
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Analyses were conducted in STATA, version 14.2 (College Station, Texas, USA). 

 

Results 

Characteristics 

Baseline characteristics of participants in the discovery and replication groups are presented 

in Table 1 and stratified by event status in Supplementary table 2. The correlations between 

cathepsins and baseline risk factors are shown in Supplementary table 4. Albeit statistically 

significant, associations were generally weak. 

 

 

Outcomes and follow-up 

The number of events for the composite outcome and the number of events per 100 person 

years (incidence rates), with confidence intervals, are shown for the discovery sample and 

replication sample in Table 2. Due to the deleterious effects of clarithromycin treatment, the 

incidence rates were slightly higher in the replication sample. 

 

The mean follow-up until censoring or death was 6.5 years in the discovery sample and 6.4 

years in the replication sample for the composite outcome. The maximum follow-up was 10.2 

years. 

 

The association between cathepsin B or cathepsin S and outcomes 

The crude association between serum cathepsin B and the hazard ratio in the discovery and 

replication sample is graphically depicted in Figure 1. 
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Higher levels of cathepsin B were significantly associated with higher risk of the composite 

outcome in both discovery and replication samples after adjustment for sex (Model A) 

(p<0.001). The association remained significant in both the discovery and replication samples 

in the multivariable adjusted model (Model B; p<0.001) (Table 3).  

 

In secondary analyses, higher cathepsin B levels were associated with higher risk of total 

mortality, cardiovascular mortality, as well as non-cardiovascular mortality, in both samples 

and in all multivariable models, while no significant associations were seen with specific 

cardiovascular outcomes (Table 4).  

 

The result stayed significant in both discovery and replication samples for cathepsin B in the 

multivariable logistic regression analyses with age as a co-variate for the composite endpoint 

and all-cause mortality (Supplementary table 3). 

 

The crude association between serum cathepsin S and the composite outcome in the discovery 

and replication sample is graphically depicted in Figure 2. No significant association between 

cathepsin S and the composite outcome was found in the discovery sample in either Model A 

(p=0.57), or in the multivariable adjusted Model B (p=0.45). A significant association was 

found in the replication sample in Model A (p=0.02). However, this association was no 

longer significant after additional adjustment for co-variates (Model B; p=0.68) (Table 3). 
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Discussion 

 

Main findings 

In this sub-study of the CLARICOR trial, a study that included 4372 patients with stable 

coronary heart disease, higher circulating levels of cathepsin B were associated with an 

increased risk of a composite outcome of specific cardiovascular events or all-cause mortality. 

These associations were independent of established risk factors, co-morbidities, and 

cardiovascular pharmacotherapies. In secondary post hoc analyses, our data suggest that the 

association between cathepsin B and the composite outcome was mainly driven by an 

association with mortality, rather than by specific cardiovascular events. In contrast to our a 

priori hypothesis, no independent associations were seen between circulating cathepsin S 

levels and any type of cardiovascular event or mortality.  

 

Strengths and limitations 

The strengths of this study include the large sample size of well characterized participants, the 

longitudinal study design with up to 10 year follow-up, the use of a pre-defined analysis plan, 

and the replication in the clarithromycin treatment group of the trial. Another strength is the 

use of the national registers of Denmark, which are known to be of high completeness and 

accuracy [19]. Nonetheless, we cannot rule out that a small number of events may have 

passed unnoticed due to hospitalization abroad. Importantly, the present results only apply to 

stable coronary disease that did not have acute symptoms at the time of the examination. 

Consequently, limitations include the unknown generalizability to patients with acute 

symptoms, other ethnic groups, and to those unlikely to volunteer. Other limitations is the fact 

that modern thrombocyte inhibitors were not available in clinical practice when the study was 

initiated, the lack of data on blood pressure levels and cardiac geometry and function. 
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Potential mechanisms 

The local expression of cathepsin B and S are upregulated in atherosclerotic plaques. They are 

found in almost every cell type comprising the plaque tissue [23]. Their expression is also 

associated with the severity of atherosclerotic plaques, indicating an involvement in plaque 

rupture [23, 24]. Since the cysteine cathepsins primary task is degradation of proteins in the 

lysosome, freely escaped cathepsins are under tight control in a complex inhibitory system 

which is incompletely understood, but where cystatin C acts as the primary extracellular 

inhibitory agent [2].  

 

We saw an association between circulating cathepsin B and the composite outcome of specific 

cardiovascular events or all-cause mortality. Since there is a lack of epidemiological data 

regarding circulating cathepsin B as a biomarker, any theories are merely speculative. 

Nevertheless, in a study from India [25], higher circulating levels of cathepsin B were seen in 

patients with acute myocardial infarction when compared to controls and one of the inclusion 

criteria in the CLARICOR trial was previous myocardial infarction (at any point in a six-year 

period preceding inclusion). Thus, one speculation could be that the risk associated with 

higher cathepsin B levels in our present paper reflects a more severe myocardial infarction, 

indicating higher-risk coronary disease. 

 

Another explanation is the ability of cathepsin B to cleave the c-terminal part of 

apolipoprotein A-I, which is the major component of high density lipoprotein (HDL) [10]. 

This impairs the antiatherogenic export of cholesterol from macrophage foam cells in the 

atherosclerotic plaque. Thus, a higher expression of cathepsin B would indicate an 

atherogenic state, and more severe atherosclerosis, resulting in a higher cardiovascular risk.  
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Results from experimental animal models have suggested a role for cathepsin B in cardiac 

remodeling and the development of heart failure [5]. For example, the activity of cathepsin B 

was reduced in post-myocardial infarction dogs given a cysteine protease-inhibitor [26]. 

Cathepsin B has also been shown to be upregulated in patients with dilated cardiomyopathies 

[27]. To our knowledge, no studies have been conducted regarding circulating cathepsin B 

levels and heart failure. However, there is a possibility that elevated levels of circulating 

cathepsin B reflect cardiac remodeling and/or ischaemic heart failure.  

Cathepsin B seems to be a predictor of both cardiovascular- and all-cause mortality. This 

concordance has been noticed among several other risk markers. For example, the cardio 

specific protein troponin T is not just a strong predictor of cardiovascular mortality but also 

for all-cause mortality [28]. One popular explanation might be that any major disease seem to 

reduce the resistance of other organ systems. 

The divergent result between cathepsin B and S deserves some attention. One speculation is 

that cathepsin B has a more active role in the atherosclerotic process than cathepsin S. In a 

study of excised human carotid plaques, activity of cathepsin B was more pronounced than 

cathepsin S [24]. The difference in result between cathepsin B and S could also be explained 

by their different biochemical properties. For example, cathepsin S has a high activity at 

normal pH, whereas cathepsin B is most effective in acidic milieus. Cathepsin B is 

ubiquitously expressed in human tissues, while cathepsin S is predominantly expressed in 

antigen-presenting cells [23]. Also, cathepsin B and S seem to behave differently in 

inflammatory states, as evidenced by a study of patients undergoing elective surgery, where 

circulating cathepsin B was found to be significantly elevated in the post-operative state, 

whereas circulating cathepsin S was in fact significantly lowered [29]. In vitro studies suggest 

an inhibitory role of cathepsin L pro-peptide on cathepsin S but not on cathepsin B [2]. 
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Cathepsin L has also been related to the atherosclerotic process [1] and mortality [30], which 

could have a bearing on the present results for cathepsin S and cathepsin B.  

 

Comparisons with previous studies 

The prognostic ability of circulating cathepsin B has predominantly been studied in patients in 

different types of malignant tumors [31-35]. Overall, most studies report high circulating 

levels of cathepsin B in patients with cancer, which is congruent with the association between 

cathepsin B and mortality in the present study. Importantly, we have not been able to find 

previous studies reporting the association between circulating cathepsin B and cardiovascular 

events. We warrant studies that investigate incident cardiovascular events in individuals free 

from cardiovascular disease at the baseline investigation, to complement the present novel 

findings of cathepsin B as a risk marker in stable coronary heart disease. 

 

Previous studies investigating the association between circulating cathepsin S and mortality 

are conflicting. One prior study performed in two cohorts of elderly individuals reported an 

independent association between higher circulating cathepsin S levels and a higher risk of 

death[9]. In that study, the associations seemed even stronger in the participants with 

prevalent cardiovascular disease compared to those without. In contrast, two previous studies 

in patients with peripheral artery disease [36] or patients on haemodialysis found no 

association with mortality [37]. Thus, our study adds to the evidence suggesting no role for 

cathepsin S measurements for risk prediction purposes in patients with stable coronary heart 

disease.  

 

Conclusion 
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Higher levels of circulating cathepsin B, but not cathepsin S, were associated with increased 

risk of cardiovascular events in patients with stable coronary heart disease. The results from 

this study suggest that cathepsin B might be a candidate as a risk marker for cardiovascular 

disease in patients with stable coronary heart disease. Cathepsin S does not look like a 

suitable biomarker. The clinical implications of our findings remain to be established and 

further studies investigating cathepsin B as a prognostic marker are warranted, especially in 

individuals without stable coronary heart disease. 
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Table 1.  Baseline characteristics in the discovery group (placebo) and replication group 
(clarithromycin) cohorts of the CLARICOR trial 
 
 

Variable  Discovery Replication 

Number of participants 1998 1979 
Female   624 (31) 603 (30) 
Age (years) 65 ±10 65 ±10 
Never smoked 395 (20) 338 (17) 
Former smoker 925 (46) 906 (46) 
Current smoker 678 (34) 735 (37) 
Previous myocardial 
infarction 

636 (32) 640 (32) 

Hypertension 805 (40) 790 (40) 
Diabetes  300 (15) 301 (15) 
Aspirin treatment  1764 (88) 1737 (88) 
Beta blocker treatment  619 (31) 591 (30) 
Calcium antagonist 
treatment  

702 (35) 681 (34) 

ACE inhibitor treatment  523 (26) 553 (28) 
Long acting nitrate 
treatment  

412 (21) 411 (21) 

Diuretics  691 (35) 702 (35) 
Digoxin treatment  117 (6) 140 (7) 
Statin treatment 822 (41) 814 (41) 
Antiarrhythmic treatment 42 (2) 46 (2) 
 
CRP (mg/L) 

 
5±8 

 
6 ±9 

eGFR (mL/min/1.73 m2) 76±20 76±19 

Apolipoprotein A1 (g/L) 1.7 ±0.3 1.7 ±0.4 
Apolipoprotein B (g/L) 1.2±0.3 1.2 ±0.3 
Cathepsin B (ug/L) 46.6±25.7 47.1±27.6 
Cathepsin S (ug/L) 13.6±4.4 13.4±3.6 
 
Data are mean ± standard deviation for continuous variables and n (%) for categorical 
variables 
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 Table 2. Number of outcomes and incidence rates for the composite outcome 

  Discovery sample Replication sample 

Composite 
outcome 

NE (%) 

IR  

95% CI 

1204 (60) 

9.2 

8.7 - 9.8 

1220 (62) 

9.7 

9.1 - 10.2 

NE= Number of events (% of participants at risk); IR= incidence rates per 100 person years follow-up and 95% 
confidence intervals.  
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Table 3. The associated risk between serum levels of standard deviation increments of 

cathepsin B and cathepsin S and the composite outcome is shown as hazard ratio with 

95% confidence intervals (CI) 

  Discovery sample Replication sample 

  Model A Model B Model A Model B 

Cathepsin B Hazard ratio 

95% CI 

p-value 

1.27 

1.20-1.34 

<0.001 

1.12 

1.05-1.19 

<0.001 

1.27 

1.20-1.34 

<0.001 

1.14 

1.07-1.21 

<0.001 

Cathepsin S Hazard ratio 

95% CI 

p-value 

1.02 

0.96-1.07 

0.57 

0.98 

0.92-1.04 

0.45 

1.07 

1.01-1.13 

0.02 

0.99 

0.93-1.05 

0.68 

Model A was adjusted for sex. Model B was adjusted for established risk factors and co-morbidities, standard 

biochemical predictors, and treatments as shown in Supplementary Table 1. 
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Table 4. The associated risk between serum levels of standard deviation increments of 

cathepsin B and the composite outcome in Cox regression models 

  Discovery sample Replication sample 

  Model A Model B Model A Model B 

Acute 
myocardial 
infarction 

Hazard ratio 

95% CI 

p-value 

1.10 

0.99-1.21 

0.08 

1.03 

0.92-1.14 

0.64 

1.10 

1.00-1.22 

0.06 

1.05 

0.95-1.17 

0.36 

Unstable 
angina pectoris 

Hazard ratio 

95% CI 

p-value 

1.04 

0.92-1.16 

0.54 

1.05 

0.93-1.19 

0.41 

1.03 

0.92-1.15 

0.57 

1.04 

0.93-1.17 

0.52 

Stroke Hazard ratio 

95% CI 

p-value 

1.05 

0.92-1.19 

0.47 

0.99 

0.86-1.13 

0.85 

1.11 

0.99-1.24 

0.07 

1.08 

0.96-1.21 

0.21 

Cardiovascular 
mortality 

Hazard ratio 

95% CI 

p-value 

1.28 

1.14-1.43 

<0.001 

1.16 

1.03-1.31 

0.02 

1.22 

1.11-1.35 

0.001 

1.14 

1.03-1.26 

0.01 

Non-
cardiovascular 
mortality 

Hazard ratio 

95% CI 

p-value 

1.26 

1.13-1.40 

<0.001 

1.19 

1.06-1.33 

0.003 

1.19 

1.08-1.32 

<0.001 

1.14 

1.03-1.27 

0.01 

*All-cause 
mortality 

Hazard ratio 

95% CI 

p-value 

1.59 

1.48-1.70 

<0.001 

1.29 

1.19-1.40 

<0.001 

1.44 

1.36-1.53 

<0.001 

1.120 

1.12-1.29 

<0.001 

Model A was adjusted for age and sex. Model B was adjusted for established risk factors and co-morbidities, 

standard biochemical predictors and treatments as shown in Supplementary Table 1. *Age was omitted from 

models with all-cause mortality as outcome 
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SUPPLEMENTARY FILES 

Supplementary figure 1 Spline curves of the association between serum cathepsin B and the 
composite outcome in the discovery sample (Panel A) and replication sample (Panel B) 
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Supplementary figure 2 Spline curves of the association between serum cathepsin S and the 
composite outcome in the discovery sample (Panel A) and replication sample (Panel B) 
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Supplementary Table 1. Standard predictors adjusted for in Model B 
 
Clinical predictors Current medical treatment Standard biochemical predictors 
Sex, age, smoking history, history 
of myocardial infarction compared 
to angina only, hypertension, 
and diabetes. 
 

The current 
medical treatment was included as 
proxy predictors because 
information about post infarction 
heart failure and post-infarction 
angina pectoris are not available to 
us. 
Aspirin (Yes/No), beta-blocker 
(Yes/No), calcium-antagonist 
(Yes/No), ACE-inhibitor (Yes/ 
No), long lasting nitrate (Yes/No), 
diuretic (Yes/No), digoxin 
(Yes/No), statin (Yes/No), and 
anti-arrhythmic drugs (Yes/No).  
 
 

Log transformed high-sensitivity-
reactive protein (CRP), glomerular 
filtration rate (GFR) estimated by 
creatinine, triglycerides and 
lipoproteins (total cholesterol, HDL 
cholesterol, LDL cholesterol, 
apoprotein A1, and 
apoprotein B). 
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Supplementary table 2. Baseline characteristics for those who were alive during the 
whole follow-up and for those who died.  
 
 
Variable Alive at the 

end of 
follow-up 

 Died during 
follow-up 

 

Number of participants 2451  1526  
Female   752 (31)  475 (31)  
Age (years) 62 ±9.8  71 ±8.9  

Cathepsin B (ug/L) 42.0±19.8  54.7±33.5  
Cathepsin S (ug/L) 13.4±4.1  13.6±3.8  
CRP (mg/L) 2.45 ±4.6  6.93 ±10  
Apolipoprotein A1 (g/L) 2.45 ±0.35  1.53 ±0.35  
Apolipoprotein B (g/L) 
eGFR (mL/min/1.73 m2) 

2.45 ±0.32 
81.0±17 

 1.23 ±0.34 
69.0±20 

 

Diabetes  318 (13)  283 (19)  
Hypertension 967 (39)  628 (41)  
     
Never smoked 504 (21)  229 (15)  
Former smoker 1124 (46)  707 (46)  
Current smoker 823 (34)  590 (39)  
Previous myocardial infarction 1603 (65)  1098 (72)  
Statin treatment 1165 (48)  471 (31)  
Aspirin treatment  2167 (88)  1334 (87)  
Beta blocker treatment  767 (31)  443 (29)  
Calcium antagonist treatment  821 (34)  562 (37)  
ACE inhibitor treatment  572 (23)  504 (23)  
Long acting nitrate treatment  381 (16)  442 (29)  
Diuretics  661 (27)  732 (48)  
Digoxin treatment  69 (3)  188 (12)  
Antiarrhythmic treatment 44 (2)  44 (3)  
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Supplementary Table 3. Logistic regression analyses of cathepsin B for outcomes that 

violated the proportional hazard assumption for age for the fully adjusted model, 

adjusted for all standard predictors (Supplementary Table 1).  

 

  Discovery Replication 

Composite 

outcome 

Odds ratio 

95% CI 

p-value 

1.15 

1.02-1.28 

0.02 

1.20 

1.07-1.34 

0.002 

All-cause 

mortality 

Odds ratio 

95% CI 

p-value 

1.24 

1.09-1.40 

0.001 

1.25 

1.11-1.41 

<0.001 
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Supplementary Table 4: Spearman correlations between baseline variables of interest and 
cathepsins, rho (p) values are shown. 
 

Variable Cathepsin B (ug/L)  Cathepsin S (ug/L)  
Age (years) 0.38 (<0.001)  -0.07 (<0.001)  
Cathepsin B (ug/L) -  0.08 (<0.001)  
Cathepsin S (ug/L) 0.08 (<0.001)  -  
CRP (mg/L) 0.10 (<0.001)  0.11 (<0.001)  
Apolipoprotein A1 (g/L) 0.06 (<0.001)  -0.07 (<0.001)  
Apolipoprotein B (g/L) 
eGFR (mL/min/1.73 m2) 

0.08 (<0.001) 
-0.34 (<0.001) 

 0.05 (0.002) 
-0.03 (0.038) 

 

HDL (mmol/l) 0.055 (<0.001)  -0.087 (<0.001)  
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Cathepsin B and S are lysosomal proteins implicated in the atherosclerotic process 

 

The CLARICOR trial studied the effect of clarithromycin on cardiovascular mortality 

 

In this 10 year-follow up, Cathepsin B was associated with cardiovascular mortality 

 

Cathepsin S was not associated with cardiovascular mortality 


