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ABSTRACT
Objective: The majority of acute coronary syndromes
are caused by plaque ruptures. Proteases secreted by
macrophages play an important role in plaque ruptures
by degrading extracellular matrix proteins in the fibrous
cap. Matrix metalloproteinases have been shown to be
markers for cardiovascular disease whereas the
members of the cathepsin protease family are less
studied.
Methods: Cathepsin D, cathepsin L and cystatin B
were measured in plasma at baseline from 384
individuals who developed coronary events (CEs), and
from 409 age-matched and sex-matched controls from
the Malmö Diet and Cancer cardiovascular cohort.
Results: Cathepsin D (180 (142–238) vs 163 (128–
210), p<0.001), cathepsin L (55 (44–73) vs 52 (43–
67), p<0.05) and cystatin B levels (45 (36–57) vs 42
(33–52), p<0.001) were significantly increased in CE
cases compared to controls. In addition, increased
cathepsin D (220 (165–313) vs 167 (133–211),
p<0.001), cathepsin L (61 (46–80) vs 53 (43–68),
p<0.05) and cystatin B (46 (38–58) vs 43 (34–54),
p<0.05) were associated with prevalent diabetes.
Furthermore, cathepsin D and cystatin B were
increased in smokers. The HRs for incident CE
comparing the highest to the lowest tertile(s) of
cathepsin D and cystatin B were 1.34 (95% CI 1.02 to
1.75) and 1.26 (95% CI 1.01 to 1.57), respectively,
after adjusting for age, sex, low-density lipoprotein/
high-density lipoprotein ratio, triglycerides, body mass
index, hypertension and glucose, but these
associations did not remain significant after further
addition of smoking to the model. In addition,
cathepsin D was increased in incident CE cases among
smokers after adjusting for cardiovascular risk factors.
Conclusions: The associations of cathepsin D and
cystatin B with future CE provide clinical support for a
role of these factors in cardiovascular disease, which
for cathepsin D may be of particular importance for
smokers.

INTRODUCTION
The majority of acute coronary syndromes are
caused by plaque ruptures resulting in embolisation or thrombotic occlusion of vessels.

KEY QUESTIONS
What is already known about this subject?
Matrix metalloproteinases have been shown to be
markers for cardiovascular disease whereas the
members of the cathepsin protease family are less
studied.

What does this study add?
In this study, we show that high plasma levels of
the protease cathepsin D are associated with
increased risk for future coronary syndromes.
Futhermore, in smokers, cathepsin D is increased
and independently associated with coronary
syndromes.

How might this impact on clinical practice?
The results provide clinical support for a role of
cathepsin D and cystastin B in cardiovascular
disease, which for cathepsin D may be of particular
importance for smokers.

Vulnerable plaques, which are more prone to
rupture, are characterised by a large lipid-rich
necrotic core in combination with a thin
ﬁbrous cap inﬁltrated by macrophages and T
lymphocytes, but with fewer smooth muscle
cells. The underlying processes causing
plaque rupture involve accumulation of
pro-inﬂammatory and toxic lipids, changes in
shear stress, degradation of extracellular
matrix proteins by macrophage proteases and
impaired tissue repair due to smooth muscle
cell death.1 One major class of proteases in
the vessel wall are the matrix metalloproteinases, which are inhibited by the naturally
occurring tissue inhibitors of matrix metalloproteinases.2 While a number of studies have
identiﬁed different matrix metalloproteinases
as possible plasma markers of cardiovascular
events, less is known about the members of
the cathepsin protease family.
Cathepsins are normally present intracellularly in lysosomes but can in some cases be
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secreted and found in human serum. While normal arteries
contain no or small amounts of cathepsins, increased
expression is seen in abdominal aneurysms, as well as in
macrophages and smooth muscle cells present within atherosclerotic lesions.3–6 Pro-inﬂammatory mediators induce
cathepsin expression in aortic macrophages and smooth
muscle cells, and increase the matrix degrading activity,
thus implicating a role for cathepsins in plaque destabilisation.7 Furthermore, cathepsins inﬂuence macrophage
apoptosis, which may further increase plaque vulnerability.6
Studies on human atherosclerotic lesions have shown
that cathepsin L is associated with plaque destabilisation
and apoptosis.6 8 9 Cathepsin L is also expressed in
endothelial cells and is suggested to play a role in
ﬂow-induced vascular remodelling and atherogenesis.10
Clinical studies have shown that plasma/serum levels of
cathepsin L are increased in patients with coronary
artery stenosis, as well as in patients with abdominal
aortic aneurysms.11 12 However, the association between
plasma levels of cathepsin L and risk for future coronary
events (CEs) has not been studied previously.
Less is known about cystatin B, an inhibitor of cathepsin
L, and cardiovascular disease (CVD). Cystatin B levels in
tissue and body ﬂuids have been suggested as biomarkers
in some cancers.13–15 Mutations in the cystatin B gene are
linked to progressive myoclonus epilepsy 1, a neurodegenerative disorder.16 Recently, cystatin B in plasma has been
proposed as a biomarker for cardiovascular disease based
on data obtained from a small patient cohort.17
Cathepsin D has been suggested as an independent
prognostic factor in a variety of cancers.18 Under pathological conditions, cathepsin D is present extracellularly
in tissues, such as in the synovia of patients with rheumatoid arthritis,19 in the brain of patients with Alzheimer’s
disease,20 in invasive carcinomas and in macrophage-rich
regions of human atherosclerotic lesions.3 In addition,
cathepsin D has been implicated in apoptosis of macrophages.6 Interestingly, proteomic studies have identiﬁed
cathepsin D as a potential novel biomarker of CVD. In
these studies, cathepsin D was shown to be increased in
cell supernatants of oxidised low-density lipoprotein
(LDL)-stimulated macrophages, as well as in supernatants
of ex vivo plaques compared to control samples.21–23
Although cathepsin D and cystatin B have both been
proposed as biomarkers for cardiovascular disease in
proteomic studies or small patient cohorts, so far, they
have not been investigated in a prospective cardiovascular cohort. In the present study, we investigated if plasma
levels of cathepsin D, as well as cathepsin L, and its
inhibitor cystatin B, are associated with future CEs.

MATERIALS AND METHODS
Malmö Diet and Cancer cohort
The Malmö Diet and Cancer (MDC) study is a
population-based, prospective cohort of 28 449 individuals
enrolled between 1991 and 1996.24 From this cohort,
6103 persons were randomly selected to participate in the
2

MDC Cardiovascular Cohort (MDC-CC), which was
designed to investigate the epidemiology of carotid artery
disease. Of MDC-CC participants, fasting plasma samples
were available in 5540 participants, of whom we excluded
143 participants who had CVD prior to the baseline examination. During a mean follow-up time of 14.0±4.3 years,
402 ﬁrst-incident CEs occurred. A CE was deﬁned as a
fatal or non-fatal myocardial infarction (ie, International
Classiﬁcation of Diseases, 9th Revision (ICD-9) code
410)) or death attributable to underlying coronary heart
disease (ICD-9 codes 410–414). We matched 402 incident
CE cases with 402 CVD-free control subjects based on
gender and age, also requiring that the follow-up time of
the control was at least as long as that of the corresponding incident CE case. Plasma samples were available and
analysed from 384 cases and 401 controls. In addition
eight plasma samples from extra controls, matched as
above, were analysed. Blood pressure, body mass index
(BMI), smoking status, white blood cell count, glycated
haemoglobin, fasting glucose and lipoprotein lipid levels
were determined as previously described.25–27 The study
was approved by the local Regional Ethical Review Board.
All participants gave written consent.
Analysis of cathepsin D, cathepsin L and cystatin B in
plasma
Cathepsin D, cathepsin L1 and cystatin B were analysed
in plasma from 793 individuals included in the MDC-CC.
Cathepsin D, cathepsin L and cystatin B were analysed by
the Proximity Extension Assay technique using the
Proseek Multiplex CVD96×96 reagents kit (Olink
Bioscience, Uppsala, Sweden) at the Clinical Biomarkers
Facility, Science for Life Laboratory, Uppsala, Sweden.
Polyclonal antibodies, raised using recombinant human
cathepsin D (amino acids Leu21-Leu412), cathepsin L
(amino acids Glu113-Val333) and cystatin B (amino acids
Met2-Phe98), were used. Oligonucleotide labelled antibody probe pairs were allowed to bind to their respective
targets present in the plasma sample. Addition of a DNA
polymerase led to an extension and joining of the two oligonucleotides, and formation of a PCR template.
Universal primers were used to pre-amplify the DNA templates in parallel. Finally, the individual DNA sequences
were detected and quantiﬁed using speciﬁc primers by
microﬂuidic real-time quantitative PCR chip (96.96,
Dynamic Array IFC, Fluidigm Biomark). Further technical details of the assay, by Assarsson et al, have been
published.28 The chip was run with a Biomark HD instrument. The mean coefﬁcients for intra-assay variation
were 8% (cathepsin D and cystatin B) or 7% (cathepsin
L) and interassay variation was 16% (cathepsin D), 14%
(cathepsin L) or 13% (cystatin B). Further details about
limit of detection (LOD), reproducibility and validations
are given at Olink webpage (http://www.olink.com/
products/proseek-multiplex/downloads/data-packages).
Data analysis was performed by a preprocessing normalisation procedure using Olink Wizard for GenEx (Multid
Analyses, Sweden).
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Statistics
Data are presented as mean±SD for normally distributed
data and as median (IQR) for non-normally distributed
data. Two-group comparisons of normally distributed
data were analysed using t test and non-normally distributed variables were analysed using Mann-Whitney test.
Differences in categorical variables were analysed using
χ2 test. Correlations were performed using Spearman’s
correlation coefﬁcient. Bonferroni was used to correct
for multiple testing. Kaplan-Meier curves were used to
illustrate incidence of CE over time in relation to tertiles
of plasma levels of cystatin B, cathepsin D or cathepsin
L, respectively. Differences were analysed using log-rank
test (Mantel-Cox). A Cox proportional hazard regression
model was used to correct for interferences between cardiovascular risk factors and associations between levels
of cystatin B, cathepsin D or cathepsin L in tertiles and
incident CE. Binary logistic regression analysis was used
to correct for interferences between cardiovascular risk
factors and associations between levels of cystatin B,
cathepsin D or cathepsin L as standardised variables and
incident CE among smokers. Non-normally distributed
variables were ln-transformed in the Cox proportional
hazard and binary logistic regression analyses.
RESULTS
Association of cathepsin D, cathepsin L and cystatin B to
incident CE
To test if plasma levels of cathepsin D, cathepsin L and
cystatin B are associated with future cardiovascular
events, we analysed baseline samples from 384 individuals

who later developed CE, and from 409 age-matched and
sex-matched controls participating in the MDC-CC.
Baseline characteristics are presented in table 1. Levels of
cathepsin D (180 (142–238) vs 163 (128–210), p<0.0001)
and cathepsin L (55 (44–73) vs 52 (43–67), p<0.05), as
well as cystatin B (45 (36–57) vs 42 (33–52), p<0.0005),
were increased in participants with incident CE, although
the difference was more pronounced for cathepsin D and
cystatin B than for cathepsin L (ﬁgure 1).
Association of cathepsin D, cathepsin L and cystatin B to
cardiovascular risk factors
Baseline plasma cathepsin D levels correlated with
factors associated with metabolic syndrome (high-density
lipoprotein (HDL), triglycerides, BMI, blood pressure
and blood glucose) and type 2 diabetes, whereas no
association was seen with LDL-cholesterol or total cholesterol (see online supplementary table S1). Cathepsin
L demonstrated similar but less pronounced associations
(see online supplementary table S1). Also, cystatin B was
associated with factors involved in metabolic syndrome
and type 2 diabetes, but in addition showed associations
to LDL-cholesterol and total cholesterol. Both cathepsins
and cystatin B were increased in participants with prevalent diabetes (table 2). The difference was more pronounced for cathepsin D than for cathepsin L and
cystatin B. Higher levels of cathepsin D and cystatin B
were also observed among current smokers (table 3),
and cathepsin D levels correlated with amount of
smoking in terms of number of cigarette packages per
year (see online supplementary table S1). In addition,

Table 1 Baseline clinical characteristics of incident CE cases and controls from the MDC-CC
Age at screening, years
Sex (% men)
Current smoker, %
Hypertension, %‡
Diabetes mellitus, %§
Medication
Blood pressure lowering, %
Antidiabetic, %
Lipid lowering,%
Laboratory parameters
Fasting blood glucose, mmol/L
Triglycerides, mmol/L
HDL, mmol/L
LDL, mmol/L
LDL/HDL ratio
HbA1c, %
White blood cell counts (106 cells/mL)

Controls (n=409)

Cases (n=384)†

60.2±5.3
245/409 (59.9)
103/399 (25.8)
283/409 (69.2)
34/409 (8.3)

60.1±5.4
230/384 (59.9)
132/363 (36.4)**
302/384 (78.6)**
77/382 (20.2)***

67/409 (16.4)
5/409 (1.2)
7/409 (1.7)

83/384 (21.6)
28/384 (7.3)***
14/384 (3.6)

4.9 (4.6–5.3)
1.2 (0.9–1.7)
1.3±0.4
4.2±1.0
3.3±1.2
4.8 (4.5–5.1)
5.7 (5.0–6.8)

5.1 (4.7–5.6)***
1.4 (1.0–1.9)**
1.2±0.4***
4.3±1.0*
3.8±1.3***
4.9 (4.6–5.4)***
6.4 (5.3–7.4)***

Normally distributed variables are presented as mean±SD; non-normally distributed variables are presented as median (IQR).
*p<0.05, **p<0.01 and ***p<0.001 for cases versus all non-cases.
†t Test for normally distributed data, Mann-Whitney test for non-normally distributed data and χ2 test for categorical data.
‡Blood pressure ≥140/90 mm Hg or antihypertensive treatment.
§History of diabetes mellitus, medication or fasting glucose ≥6.1 mmol/L.
CE, coronary event; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MDC-CC, Malmö Diet and
Cancer Cardiovascular Cohort.
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cathepsin D, cathepsin L and cystatin B were associated
with white blood cell counts. After Bonferroni correction, cathepsin D was still associated with BMI, white
blood cell counts, HDL, triglycerides, glucose, glycated
haemoglobin (HbA1c), insulin, and systolic and diastolic
blood pressure. Similarly, cystatin B was associated with
BMI, white blood cell counts, HDL, triglycerides,
HbA1c, insulin, systolic blood pressure and age, after
Bonferroni correction. For cathepsin L only the associations to BMI, HDL, insulin and diastolic blood pressure
remained after Bonferroni correction.

Figure 1 Baseline plasma levels of cathepsin D (A),
cathepsin L (B) and cystatin B (C) are increased in individuals
who developed coronary events (CEs) during follow-up.
Values are given as arbitrary units (AU) and demonstrating as
boxplots, with whiskers indicating 2.5 and 97.5 centiles.

Cathepsin D, cathepsin L and cystatin B, and incident CE,
taking cardiovascular risk factors into account
Next we tested if associations of cathepsins and cystatin B
levels to future CE were independent of traditional cardiovascular risk factors. Analysing tertiles of cathepsin D
by log-rank test suggested an association between cathepsin D levels and incident CE (ﬁgure 2A). The HR for an
incident CE comparing the highest to the lowest tertile of
cathepsin D was 1.62 (95% CI 1.27 to 2.08; p=0.0001) in a
Cox proportional hazard model (table 4). Since cathepsin D was signiﬁcantly increased in patients with prevalent diabetes as well as in smokers, four different models
were used to analyse HR, taking potential confounders
into account. The ﬁrst model included age, sex, lipids
(LDL/HDL ratio, triglycerides), BMI and hypertension.
In the second and third models, either glucose or
smoking was added, and in the last model both glucose
and smoking were included. Cathepsin D in tertiles was
signiﬁcantly ( p for trend 0.033) associated with increased
risk for incident CE after including age, sex, lipids, BMI,
hypertension and glucose as potential confounders to
the model (table 4). However, after further addition of
smoking, tertiles of cathepsin D were no longer statistically signiﬁcantly associated with increased risk for CE ( p
for trend 0.17). Tertiles of cathepsin L did not show a signiﬁcant association to CE ( p for trend 0.06; log-rank test)
(ﬁgure 2B). However, we observed an increased risk for
incident CE in the top tertile compared to the combined
ﬁrst and second tertile of cathepsin L (HR 1.26; 95% CI
1.02 to 1.55; p=0.03). This risk increase did not remain
after adjusting for CV risk factors (data not shown).
There was also a signiﬁcant association between cystatin B
and incident CE (ﬁgure 2C). The HR for incident CE in
the highest compared to the bottom tertiles of cystatin B

Table 2 Cathepsin D, cathepsin L and cystatin B levels in
individuals with and without diabetes
Individuals
without
diabetes
(n=680)
Cathepsin D
Cathepsin L
Cystatin B

167 (133–211)
53 (43–68)
43 (34–54)

Individuals
with diabetes
(n=111)
220 (165–313)
61 (46–80)
46 (38–58)

Values are expressed as median (IQR) in arbitrary units.
*Mann–Whitney test.

4

Table 3 Cathepsin D, cathepsin L and cystatin B levels in
non-smokers and smokers
p Value*
−11

10
0.001
0.02

Cathepsin D
Cathepsin L
Cystatin B

Non-smokers
(n=527)

Smokers
(n=235)

p Value*

167 (133–212)
53 (43–69)
42 (34–53)

182 (143–239)
54 (43–69)
46 (37–56)

0.002
0.60
0.005

Values are expressed as median (IQR) in arbitrary units.
*Mann–Whitney test.
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increased in CE cases compared to controls (table 6).
Cathepsin D and cystatin B levels in tertiles both
remained signiﬁcantly associated with incident CE after
adjusting for age, sex, LDL/HDL ratio, triglycerides,
BMI and hypertension in individuals without diabetes
(see online supplementary tables S2 and S3). HR in the
highest compared to lowest tertile of cathepsin D was
1.47 (95% CI 1.10 to 1.97; p=0.010). The corresponding
HR for cystatin B was 1.39 (95% CI 1.09 to 1.77;
p=0.008). As a next step, we analysed non-smoking individuals (n=527). Cathepsin D and cystatin B, but not
cathepsin L, were signiﬁcantly increased in incident CE
cases compared to controls (table 6), however, these
associations did not remain statistically signiﬁcant taking
cardiovascular risk factors into account (see online supplementary table S4). We then analysed current smokers
(n=235). Both cathepsins and cystatin B levels were
increased in incident CE compared to controls in
current smokers (table 6). Cathepsin D, but not cathepsin L or cystatin B, was increased in incident CE cases
among smokers, taking cardiovascular risk factors into
account (see online supplementary table S5). The ORs
for incident CE per SD for cathepsin D was 1.42 ((95%
CI 1.02 to 1.97) p=0.038) after adjusting for age, sex,
lipids, BMI, hypertension and glucose.

Figure 2 Association between baseline plasma cathepsin D,
cathepsin L and cystatin B levels, and incident coronary
events (CEs) in the Malmö Diet and Cancer Cardiovascular
Cohort (MDC-CC). Kaplan–Meier CE event-free survival
curves in the study population by tertiles (1st tertile light grey,
2nd tertile dark grey, 3rd tertile black) of plasma cathepsin D
(A), cathepsin L (B) and cystatin B (C). Significant positive
trends over tertiles were tested using a log-rank test for trend.

was 1.36 (95% CI 1.10 to 1.67; p=0.004) (table 5). The
association remained signiﬁcant after adjusting for age,
sex, lipids, BMI, hypertension and glucose. However,
when smoking was added to the model, this association
did not remain statistically signiﬁcant.
Since cathepsin D and cystatin B were associated with
both diabetes and current smoking, and signiﬁcant associations with incident CE disappeared after further addition of smoking to the model, we explored this further
in sensitivity analysis. First we analysed individuals
without diabetes. Also, in individuals without diabetes,
levels of cathepsin D, cathepsin L and cystatin B were

DISCUSSION
In the present study, we found that high plasma levels of
cathepsin D, cystatin B and, to a lesser extent, cathepsin L,
were associated with increased risk of future CE. In the
MDC-CC, cathepsin D levels were signiﬁcantly increased in
individuals with prevalent diabetes, conﬁrming previous
studies of smaller patient cohorts.29 30 Moreover, cathepsin
D levels were associated with factors included in the metabolic syndrome and diabetes, but not with
LDL-cholesterol, one of the major risk factors for CVD in
the general population. These correlations ranged from
0.19 to 0.31, thus explaining between 3.6% and 9.6%
(r2=0.036–0.096) of the cathepsin D levels. Similar to
cathepsin D, cathepsin L and cystatin B were increased in
individuals with diabetes, and correlated with parameters
associated with diabetes and metabolic syndrome,
although these associations were less pronounced than for
cathepsin D. However, the increase in cathepsin L (15%)
and cystatin B (7%) levels in individuals with diabetes is
rather small, and may therefore not be clinically relevant.
Previous ﬁndings show that cathepsin D secretion is
increased in macrophages stimulated with advanced glycated end-products as well as in adipocytes stimulated with
insulin.31 32 In a recent study, cathepsin D was shown to be
a marker for insulin resistance and type 2 diabetes.33
Despite the associations of cathepsin D and cystatin B to
diabetes, both markers were still signiﬁcantly increased in
incident CE cases excluding prevalent diabetic individuals
and after adjusting for lipids, BMI and hypertension.
However, since the characteristics of the individuals are
reported from the baseline examination, we cannot
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Table 4 HRs (95% CI) for incident coronary events by tertiles of cathepsin D in the MDC-CC
Cathepsin D (AU)
Coronary events (n)
Coronary events, HR
Coronary events, HR
Coronary events, HR
Coronary events, HR
Coronary events, HR

(95% CI)*
(95% CI)†
(95% CI)‡
(95% CI)§
(95% CI)¶

First tertile

Second tertile

Third tertile

p for trend

<147
107
1
1
1
1
1

147–200
124
1.22 (0.94
1.11 (0.85
1.09 (0.83
1.11 (0.84
1.09 (0.83

>200
153
1.62 (1.27
1.42 (1.09
1.34 (1.02
1.28 (0.97
1.22 (0.92

0.0001
0.009
0.033
0.074
0.17

to 1.58)
to 1.45)
to 1.43)
to 1.46)
to 1.44)

to 2.08)
to 1.85)
to 1.75)
to 1.69)
to 1.61)

*Non-adjusted.
†Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI and hypertension.
‡Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI, hypertension and glucose.
§Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI, hypertension and current smoking.
¶Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI, hypertension, glucose and current smoking.
AU, arbitrary units; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MDC-CC, Malmö Diet and Cancer
Cardiovascular Cohort.

exclude that some of the individuals later became diabetic,
which could affect the result.
Although the literature on cystatin B and CVD is
sparse, a small scale study recently identiﬁed cystatin B
as a possible biomarker for CVD.17 In the present study,
we found that both proteolytic cathepsin L and its
inhibitor cystatin B were increased in plasma from individuals who later developed CE. Although this may sound
contradictory, it is possible that a high cathepsin L
expression is regulated by increased cystatin B levels to
limit the proteolytic activity. Knowledge from other diseases suggests that cystatin B and cathepsin expression
may coincide. For example, during HIV-1 infection,
both cystatin B and cathepsin B are upregulated in
macrophages.34
Baseline plasma levels of cathepsin D and cystatin B
were signiﬁcantly increased in current smokers, and
cathepsin D levels correlated with the amount of
smoking. Furthermore, the association of cathepsin D
and cystatin B to incident CE was lost after addition of
smoking to the model. Even though cathepsin D and
cystatin B were increased in participants with incident
CE in non-smokers, these associations did not remain
after taking cardiovascular risk factors into account.

Furthermore, both cathepsin D and cystatin B were signiﬁcantly increased in individuals with incident CE analysing smokers alone. This association remained
signiﬁcant for cathepsin D after adjusting for cardiovascular risk factors. This implies that cathepsin D may be
of particular importance for the development of future
CE among smokers. In line with this, several studies have
shown increased cathepsin levels/activity in plasma or
alveolar macrophages in smokers.12 35 Previous studies
on chronic obstructive pulmonary disease and pulmonary emphysema have shown that cathepsin D expression
or activity is increased in alveolar macrophages from
smoke-exposed mice and from current smokers.36 37 It is
possible that macrophages in atherosclerotic lesions
from smokers express more cathepsin D, which could
inﬂuence plaque stability.
Whether the high cathepsin D and cystatin B levels in
plasma of individuals with incident CE reﬂect increased
secretion from blood cells, endothelial cells, adipose
tissue, or leakage from the vessel wall, or a combination
of several of these, is unclear. In favour of the ﬁrst possibility, a comparison of 27 acute coronary syndrome
patients with 21 stable coronary disease patients or
healthy controls displayed increased expression of

Table 5 HRs (95% CI) for incident coronary events for tertile 1 and 2 versus tertile 3 of cystatin B in the MDC-CC
Cystatin B (AU)
Coronary events (n)
Coronary events, HR
Coronary events, HR
Coronary events, HR
Coronary events, HR
Coronary events, HR

(95% CI)*
(95% CI)†
(95% CI)‡
(95% CI)§
(95% CI)¶

First and second tertiles

Third tertile

p Value

≤50.2
236
1
1
1
1
1

>50.2
148
1.36 (1.10
1.25 (1.00
1.26 (1.01
1.15 (0.91
1.15 (0.91

0.004
0.051
0.044
0.25
0.23

to 1.67)
to 1.55)
to 1.57)
to 1.44)
to 1.45)

*Non-adjusted.
†Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI and hypertension.
‡Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI, hypertension and glucose.
§Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI, hypertension and current smoking.
¶Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI, hypertension, glucose and current smoking.
AU, arbitrary units; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MDC-CC, Malmö Diet and Cancer
Cardiovascular Cohort.
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Table 6 Cathepsin D, cathepsin L and cystatin B levels in
incident coronary event (CE) cases compared to controls
in individuals without diabetes, non-smokers or smokers
Controls
Individuals without diabetes (n=680)
375
Number of
individuals
Cathepsin D
160 (126–197)
Cathepsin L
52 (42–66)
Cystatin B
42 (33–51)
Non-smokers or ex-smokers (n=527)
Number of
296
individuals
Cathepsin D
161 (128–209)
Cathepsin L
52 (43–67)
Cystatin B
41 (33–51)
Smokers (n=235)
103
Number of
individuals
Cathepsin D
170 (130–218)
Cathepsin L
51 (41–67)
Cystatin B
43 (36–54)

Incident CE†
305
174 (139–224)***
54 (43–72)*
46 (36–57)***
231
172 (136–223)*
55 (44–72)
43 (36–56)*
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132
199 (149–251)**
59 (45–76)*
48 (37–58)*

Values are expressed as median (IQR) in arbitrary units.
*p≤0.05.
**p<0.01.
***p<0.001.
†Mann–Whitney test.

mature cathepsin D in circulating monocytes as well as
increased levels of cathepsin D in plasma from the
patients with acute coronary syndrome.38 On the other
hand, the correlations of cathepsin D and cystatin B to
BMI may reﬂect an increased secretion from adipocytes.
Recently, cathepsin S was shown to be one of the most
upregulated genes in the adipose tissue of obese
patients.39 Cystatin C, another cysteine cathepsin inhibitor, was previously shown to correlate with waist progression.40 In addition, insulin stimulation of adipocytes
resulted in increased cathepsin D expression.31 In line
with this, cathepsin D and cystatin B were associated
with fasting insulin in our study. A third possibility is that
the increased plasma levels of cathepsins and cystatin B
are due to an increased secretion by vascular endothelial
cells or leakage from the plaque. This is supported by
several previous studies showing that cathepsin D is
present in atherosclerotic lesions.3 5 6
CONCLUSION
In summary, we show that cathepsin D, cathepsin L and
cystatin B are associated with increased incidence of CE.
The ﬁndings provide clinical support for these factors in
cardiovascular disease, which for cathepsin D may be of
particular importance among smokers.
Contributors IG, GNF, HB, JN and EB designed the study. IG, KH, PD, AE,
BH, GNF, HB and EB analysed and interpreted the data. IG, KH and EB drafted
the manuscript. PD, AE, BH, GNF, HB and JN critically revised the manuscript
for intellectual content. All the authors gave final approval of the submitted
version.
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Supplementary data
Supplementary table 1
Spearman correlation coefficient of cathepsin D, L or cystatin B to baseline clinical and
laboratory measurements in the MDC-CC cohort
Cathepsin D
Cathepsin L
Cystatin B
r
r
r
Age
0.10**
0.08*
0.17***
†
Smoking
0.19**
0.12
0.10
BMI
0.24***
0.12***
0.22***
White blood cells
0.17***
0.08*
0.23***
Cholesterol
0.03
-0.01
0.08*
LDL
0.02
-0.01
0.09*
HDL
-0.26***
-0.12**
-0.16***
Triglycerides
0.30***
0.1**
0.18***
Fasting blood glucose
0.23***
0.09*
0.08*
HbA1c
0.22***
0.08*
0.17***
Plasma insulin
0.31***
0.14***
0.23***
Systolic BP
0.19***
0.08*
0.12**
Diastolic BP
0.20***
0.13***
0.11**
r indicates Spearman correlation coefficient; n.s. indicates not significant; BP, blood pressure;
†
number of cigarette packages per year
*P<0.5
** P<0.01
*** P<0.001

1

Supplementary table 2
Hazard ratios (95% confidence intervals, CI) for incident coronary events by tertiles of
cathepsin D in non-diabetics in the MDC-CC cohort
1st tertile
2nd tertile
3rd tertile
P for trend
Cathepsin D
<144
144-193
>194
(AU)
Coronary events 86
96
123
(no)
Coronary events 1
1.12 (0.83-1.50) 1.63 (1.23-2.14) 0.0005
HR (95% CI)1
Coronary events 1
1.00 (0.74-1.35) 1.47 (1.10-1.97) 0.008
HR (95% CI)2
1
Non-adjusted.
2
Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI and hypertension.

2

Supplementary table 3
Hazard ratios (95% confidence intervals, CI) for incident coronary events by tertiles of
cystatin B in non-diabetics in the MDC-CC cohort
1st and 2nd tertile
3rd tertile
P
Cystatin B (AU)
<49.8
>49.8
Coronary events (no)
183
122
1
Coronary events HR (95% CI)
1
1.46 (1.16-1.84)
0.001
Coronary events HR (95% CI)2
1
1.39 (1.09-1.77)
0.008
1
Non-adjusted.
2
Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI and hypertension.

3

Supplementary table 4
Odds ratios (95% confidence intervals, CI) for incident coronary events per standard deviation
of cathepsin D, L and cystatin B in non-smokers in the MDC-CC cohort
Cathepsin D
OR
P
1.25(1.05-1.49) 0.012
1.09(0.89-1.33) 0.39

Cathepsin L
OR
P
1.12(0.95-1.34) 0.18
1.06(0.88-1.27) 0.56

Cystatin B
OR
P
1.19(1.00-1.41) 0.053
1.12(0.93-1.36) 0.24

OR (95% CI)1
OR (95% CI)2
1
Non-adjusted.
2
Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI, hypertension and glucose.

4

Supplementary table 5
Odds ratios (95% confidence intervals, CI) for incident coronary events per standard deviation
of cystatin B in smokers in the MDC-CC cohort
Cathepsin D
OR
P
1.54(1.17-2.02) 0.002
1.42(1.02-1.97) 0.038

Cathepsin L
OR
P
1.29(0.99-1.68) 0.063
1.19(0.89-1.61) 0.24

Cystatin B
OR
P
1.43(1.08-1.88) 0.012
1.27(0.94-1.73) 0.13

OR (95% CI)1
OR (95% CI)2
1
Non-adjusted.
2
Adjusted for age, sex, LDL/HDL ratio, triglycerides, BMI, hypertension and glucose.
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