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CATHEPSIN S IS A CYSTEINE PRO-
tease involved in major his-
tocompatibility complex class
II antigen presentation1 and

in intracellular and extracellular pro-
teolysis.2 Moreover, a causal interplay
between cathepsin S activity and in-
flammatory activity has been pro-
posed.2-9 Cathepsin S activity is regu-
lated at the cellular level by its
endogenous inhibitor cystatin C.10

Current data regarding factors that
influence circulating levels of cathep-
sin S are scarce. Previous studies have
reported higher circulating levels of ca-
thepsin S in patients with obesity,11,12

diabetes, or cardiovascular disease.13 It
also has been reported that weight loss
reduces circulating levels of cathepsin
S.11,12 Furthermore, higher circulating
levels of cathepsin S have been shown
to be associated with increased inflam-
matory activity.11,14

Experimental studies suggest that ca-
thepsin S activity is involved in the de-
velopment of cardiovascular disease via
promotion of atherosclerotic plaques
and destabilization of advanced
plaques.15-21 Moreover, cathepsin S ac-
tivity has been implicated in the devel-

opment of cancer via stimulation of
cancer cell migration and tumor angio-
genesis.22-27

Based on previous experimental
reports suggesting a role for cathep-
sin S activity in the development of
cardiovascular disease and cancer,
we hypothesized that circulating lev-
els of cathepsin S would be a marker
for an increased mortality risk.
Accordingly, we investigated the
association between serum levels of
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Context Experimental data suggest that cathepsin S, a cysteine protease, is in-
volved in the complex pathways leading to cardiovascular disease and cancer. How-
ever, prospective data concerning a potential association between circulating cathep-
sin S levels and mortality are lacking.

Objective To investigate associations between circulating cathepsin S levels and mor-
tality in 2 independent cohorts of elderly men and women.

Design, Setting, and Participants Prospective study using 2 community-based
cohorts, the Uppsala Longitudinal Study of Adult Men (ULSAM; n=1009; mean age:
71 years; baseline period: 1991-1995; median follow-up: 12.6 years; end of follow-
up: 2006) and the Prospective Investigation of the Vasculature in Uppsala Seniors
(PIVUS; n=987; 50% women; mean age: 70 years; baseline period: 2001-2004; me-
dian follow-up: 7.9 years; end of follow-up: 2010). Serum samples were used to mea-
sure cathepsin S.

Main Outcome Measure Total mortality.

Results During follow-up, 413 participants died in the ULSAM cohort (incidence rate:
3.59/100 person-years at risk) and 100 participants died in the PIVUS cohort (incidence
rate: 1.32/100 person-years at risk). In multivariable Cox regression models adjusted for
age, systolic blood pressure, diabetes, smoking status, body mass index, total choles-
terol, high-density lipoprotein cholesterol, antihypertensive treatment, lipid-lowering treat-
ment, and history of cardiovascular disease, higher serum cathepsin S was associated with
an increased risk for mortality (ULSAM cohort: hazard ratio [HR] for 1-unit increase of
cathepsin S, 1.04 [95% CI, 1.01-1.06], P=.009; PIVUS cohort: HR for 1-unit increase of
cathepsin S, 1.03 [95% CI, 1.00-1.07], P=.04). In the ULSAM cohort, serum cathepsin
S also was associated with cardiovascular mortality (131 deaths; HR for quintile 5 vs quin-
tiles 1-4, 1.62 [95% CI, 1.11-2.37]; P=.01) and cancer mortality (148 deaths; HR for
1-unit increase of cathepsin S, 1.05 [95% CI, 1.01-1.10]; P=.01).

Conclusions Among elderly individuals in 2 independent cohorts, higher serum ca-
thepsin S levels were associated with increased mortality risk. Additional research is
needed to delineate the role of cathepsin S and whether its measurement might have
clinical utility.
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cathepsin S and the risk of total mor-
tality in a community-based sample
of elderly men with prespecified
analyses on the association between
cathepsin S levels and cause-specific
deaths from cardiovascular disease
and cancer. As a second step, we
investigated the association between
cathepsin S and total mortality in an
independent community-based
cohort of elderly men and women.

METHODS
Study Samples

The Uppsala Longitudinal Study of
Adult Men (ULSAM) was initiated in
1970. All 50-year-old men born be-
tween 1920 and 1924 and living in Up-
psala, Sweden, were invited to partici-
pate in a health survey aimed at
identifying cardiovascular risk fac-
tors28 (described in detail at http://www
.pubcare.uu.se/ULSAM). All 70-year-
old individuals living in Uppsala,
Sweden, between 2001 and 2004 were
eligible for the Prospective Investiga-
tion of the Vasculature in Uppsala Se-
niors (PIVUS) study29 (described in de-
tail at http://www.medsci.uu.se/pivus
/pivus.htm). All participants gave
written informed consent and the eth-
ics committee of Uppsala University ap-
proved the study protocols.

Baseline Investigations

The investigations in the ULSAM and
PIVUS studies were performed using
the same standardized methods, in-
cluding anthropometrical measure-
ments, blood pressure, blood sam-
pling, and questionnaires regarding
socioeconomic status, medical his-
tory, smoking habits, medication use,
and physical activity level.28,29 Venous
blood samples were drawn in the morn-
ing after an overnight fast and stored
at –70°C.

Serum levels of cathepsin S were
measured by an enzyme-linked immu-
nosorbent assay (human cathepsin S
[total] DY1183; R&D Systems, Minne-
apolis, Minnesota). In the ULSAM
study, blood samples were frozen for
14.6 years (range, 12.9-16.7 years) un-
til the analysis of cathepsin S was per-

formed in April 2008. In the PIVUS
study, blood samples were frozen for
5.5 years (range, 3.9-7.2 years) until the
analysis of cathepsin S was performed
in December 2009. The intraassay co-
efficient of variation was 7%. To date,
there are no established reference val-
ues for circulating cathepsin S in
humans.

Inflammatory markers and cystatin
C were measured as previously
described for the ULSAM study30 and
the PIVUS study.31 Diabetes mellitus
was diagnosed using a fasting plasma
glucose level of 126 mg/dL or higher
(to convert to mmol/L, multiply by
0.0555) or confirmed if the partici-
pant was taking medication for dia-
betes. Prevalent cardiovascular dis-
ease at baseline was defined as a
history of ischemic heart disease or
cerebrovascular disease, Q or QS
complexes, or left bundle-branch
block on baseline electrocardiogram.

Leisure-time physical activity was as-
sessed using the following questions:
(1) Do you spend most of your time
reading, watching television, going to
the cinema, or engaging in other, mostly
sedentary activities? (2) Do you often
go walking or cycling for pleasure? (3)
Do you engage in any active recre-
ational sports or heavy gardening for at
least 3 hours every week? (4) Do you
regularly engage in hard physical train-
ing or competitive sport? The highest
positive physical activity response level
was used for each participant. Educa-
tion level was stratified as low (elemen-
tary school, 6-7 years), medium (high
school), or high (college studies).

End Point Definitions

The Swedish cause of death register was
used to define total mortality, cardio-
vascular mortality (death from ische-
mic heart disease or cerebrovascular dis-
ease; International Classification of
Diseases, Ninth Revision [ICD-9] codes
410-414, 430-438 or International Sta-
tistical Classification of Diseases, 10th Re-
vision [ICD-10] codes I20-I25, I60-I69/
G45), and cancer mortality (ICD-9
codes 140-239 and ICD-10 codes
C00-D48). Data on cause-specific mor-

tality were not available in the PIVUS
cohort.

Statistical Analysis

ULSAM Study. The associations of
serum level of cathepsin S with
total, cardiovascular, and cancer mor-
tality were investigated using Cox
proportional hazard regression and 3
multivariable models. Model A was
age-adjusted, model B was for life-
style factors (age, body mass index
[calculated as weight in kilograms
divided by height in meters squared],
smoking status, leisure-time physical
activity, and education level), and
model C was for cardiovascular risk
factors (age, systolic blood pressure,
diabetes, smoking status, body mass
index, total cholesterol, high-density
lipoprotein cholesterol, antihyperten-
sive treatment, lipid-lowering treat-
ment, and prevalent cardiovascular
disease).

Because cathepsin S activity is modu-
lated by inflammation and cystatin C,
we performed secondary analyses in
which inflammatory markers (C-
reactive protein, interleukin 6 [IL-6])
or cystatin C were added to model C.
Because effects of long-term freezing on
cathepsin S levels are uncertain, we also
added freezer time as a covariate in
separate models. Proportional haz-
ards assumptions were confirmed using
the Schoenfeld test.

In our primary analyses, we mod-
eled cathepsin S as a continuous vari-
able (expressed as 1-unit increase of
serum cathepsin S). We also per-
formed prespecified multicategory
models comparing risk in cathepsin S
quintiles 2, 3, 4, and 5 with that in
quintile 1, and threshold models
(quintile 5 vs quintiles 1-4). To gain
additional insights into the potential
nonlinearity of the associations, we
examined the Cox regression models
using penalized splines.

We performed stratified analyses in
participants with and without preva-
lent cardiovascular disease at baseline
(n=249 and n=760, respectively). Ad-
ditionally, we performed tests for effect
modification by prevalent cardiovas-
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cular disease and by including a mul-
tiplicative interaction term in model C.
We also investigated the association be-
tween serum cathepsin S and cancer
mortality after exclusion of partici-
pants with cancer at baseline or dur-
ing the first 2 years of follow-up
(n=930) to limit the possibility of re-
verse causation as an explanation of our
findings. In secondary analyses, mul-
tiple imputation methods were used to
account for the potential influence of
missing data.

PIVUS Study. We investigated the as-
sociation between serum cathepsin S and
total mortality in the PIVUS cohort using
a similar protocol for the statistical
analyses with the following major ex-
ceptions: (1) sex was included in all mul-
tivariable models (models A-C); (2) sex-
stratified analyses were performed; and
(3) an evaluation was performed to de-
termine whether the association be-
tween cathepsin S and mortality was
mediated by additional inflammatory
pathways (IL-1�, IL-8, IL-10, tumor ne-
crosis factor, and interferon �).

A 2-sided P value of less than .05 was
regarded as significant in all analyses.
For all analyses, we used the STATA sta-
tistical software package version 10.0
(StataCorp, College Station, Texas).

RESULTS
ULSAM Cohort

Our analyses were based on the third
examination cycle of ULSAM when par-
ticipants were approximately 71 years
old (baseline period: 1991-1995). Of the
1681 men who were invited, 1221
agreed to participate (73%). Of these
1221 men, 212 were excluded due to
missing data on cathepsin S (n=98) or
other covariates (n=114), leaving 1009
participants as the study sample. The
incidence rate for mortality for those not
included in the analyses (nonpartici-
pants or individuals with missing data
at baseline) was 5.70/100 person-
years at risk.

Baseline characteristics are shown in
TABLE 1. During follow-up (median,
12.6 years; range, 0.1-15.3 years; end
of follow-up: 2006), 413 participants
died (incidence rate: 3.59/100 person-

years at risk). The incidence rate per
1-unit increase of cathepsin S was 0.44/
100 person-years at risk. A total of 131
deaths were due to cardiovascular dis-
ease (incidence rate: 1.14/100 person-
years at risk) and 148 deaths were due
to cancer (incidence rate: 1.29/100 per-
son-years at risk). The incidence rates
in cathepsin S quintiles are shown in
TABLE 2.

Cox Regression Models
for Total Mortality
A 1-unit increase of cathepsin S was as-
sociated with a 1.04 higher hazard ratio
(HR) for total mortality after adjust-
ment for age (model A), lifestyle factors
(model B), and established cardiovascu-
lar risk factors (model C; TABLE 3). In
multicategoryand thresholdmodels,par-
ticipants in the highest quintile of ca-

Table 1. Baseline Characteristics

Study Cohort, No. (%)

ULSAM
(n = 1009)

PIVUS
(n = 987)

Female sex 0 489 (50)

Current smoker 204 (20) 106 (11)

Diabetes 103 (10) 86 (9)

Prior cardiovascular disease 249 (25) 191 (19)

Lipid-lowering treatment 101 (10) 157 (16)

Antihypertensive treatment 361 (36) 306 (31)

Leisure-time physical activity
Sedentary 41 (4) 108 (11)

Moderate 343 (34) 569 (58)

Regular 566 (56) 216 (22)

Athletic 59 (6) 67 (7)

Education and social status
High 147 (15) 244 (25)

Middle 301 (30) 177 (18)

Low 561 (56) 555 (56)

Mean (SD)

Age, y 71.0 (0.7) 70 (0.2)

Body mass indexa 26.2 (3.4) 27.0 (4.3)

Serum cathepsin S, µg/L 18.2 (3.8) 19.2 (5.8)

Serum cholesterol, mg/dL
Total 224 (39) 208 (39)

High-density lipoprotein 50 (12) 58 (15)

Fasting plasma glucose, mg/dL 104 (27) 97 (29)

Blood pressure, mm Hg
Systolic 147 (19) 150 (23)

Diastolic 84 (9) 79 (10)

Serum cystatin C, mg/L 1.2 (0.3) 0.9 (0.2)

Median (25th-75th Percentile)

Serum levels
C-reactive protein, mg/L 1.9 (0.9-3.9) 1.2 (0.6-2.3)

IL-6, ng/L 3.5 (2.2-5.8) 4.2 (2.2-14.8)

IL-8, ng/L NA 6.4 (4.6-9.3)

IL-10, ng/L NA 0.4 (0.4-0.8)

IL-1�, ng/L NA 0.6 (0.5-1.4)

INF-�, ng/L NA 1.6 (1.1-2.5)

Tumor necrosis factor, ng/L NA 3.7 (2.9-4.9)
Abbreviations: IL, interleukin; INF, interferon; NA, data not available; PIVUS, Prospective Investigation of the Vascula-

ture in Uppsala Seniors; ULSAM, Uppsala Longitudinal Study of Adult Men.
SI conversion factors: To convert C-reactive protein to nmol/L, multiply by 9.524; glucose to mmol/L, multiply by 0.0555;

and high-density and total cholesterol to mmol/L, multiply by 0.0259.
aCalculated as weight in kilograms divided by height in meters squared.
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thepsin S were at higher risk for total
mortality compared with participants in
quintile 1 and quintiles 1 through 4, re-
spectively (models A-C; Table 3). The as-
sociation between cathepsin S and mor-
tality remained similar after the addition
of cystatin C (HR per 1-unit increase of
cathepsin S, 1.03 [95% CI, 1.01-1.06];
P=.02), IL-6 (HR, 1.04 [95% CI, 1.01-
1.06]; P=.008), and freezer time of the
sample (HR, 1.03 [95% CI, 1.01-1.06];
P=.02) to multivariable model C. This
association was no longer statistically sig-
nificant after adding serum C-reactive
protein to model C (HR per 1-unit in-
crease, 1.03 [95% CI, 1.00-1.05]; P=.06).

The cumulative incidence of total
mortality in quintile 5 vs quintiles 1
through 4 is shown in FIGURE 1.
Examination of regression splines
suggests a linear increase in the HR
for mortality with increasing levels of
cathepsin S (FIGURE 2). The associa-
tion between serum levels of cathep-
sin S and mortality was essentially
unaltered when missing data were
imputed (eTable 1 and eTable 2 at http:
//www.jama.com).

Cardiovascular Mortality

In continuous models, a 1-unit in-
crease of cathepsin S was associated

with a 1.05 higher HR for cardiovas-
cular mortality in models A and B
(Table 3). In threshold models, partici-
pants in quintile 5 had HRs that were
between 1.62 and 1.82 higher for car-
diovascular mortality compared with
participants in quintiles 1 through 4
(models A-C; Table 3).

The multiplicative interaction term
for cardiovascular disease at base-
line was not statistically significant
(P=.55). Nonetheless, we performed
stratified analyses in participants with
and without prevalent cardiovascular
disease at baseline because previous ex-
perimental and clinical data indicate an
important role for cathepsin S in the de-
stabilization of advanced atheroscle-
rotic plaques in patients with preva-
lent cardiovascular disease. In these
stratified analyses, the association be-
tween serum cathepsin S and cardio-
vascular disease mortality appeared
stronger in participants with preva-
lent cardiovascular disease, although
none of these stratified analyses was sta-
tistically significant (with cardiovascu-
lar disease: cathepsin S quintile 5 vs
quintiles 1-4, HR, 1.80 [95% CI, 0.98-
3.34]; P=.06, model C; without car-
diovascular disease: HR, 1.35 [95% CI,
0.82-2.22]; P=.23).

The association between cathepsin S
and cardiovascular mortality re-
mained similar after adjusting for C-
reactive protein, IL-6, and cystatin
C (P � .03 for all; eTable 3 at http:
//www.jama.com).

Cancer Mortality

A 1-unit increase of cathepsin S was as-
sociated with HRs that were 1.05 to 1.06
higher for cancer mortality (models
A-C; Table 3). Moreover, in multicat-
egory models, participants in the high-
est quintile of cathepsin S were at higher
risk for cancer mortality compared with
participants in quintile 1 (models A-C;
Table 3). The results were similar af-
ter exclusion of participants with a his-
tory of cancer at baseline and those who
developed cancer during the first 2 years
of follow-up (model C; HR for 1-unit
increase of cathepsin S, 1.06 [95% CI,
1.01-1.11], P=.01) and after the addi-
tion of C-reactive protein, IL-6, or cys-
tatin C to multivariable model C
(P� .05 for all; eTable 4).

PIVUS Cohort

Of the 2025 individuals invited to par-
ticipate, 1014 agreed to participate
(50%). Of these 1014 individuals, 27
were excluded due to missing data on

Table 2. Incidence Rates by Quintiles of Cathepsin S for ULSAM and PIVUS Studies

Cathepsin S
No. at
Risk

Total Mortality Cardiovascular Mortality Cancer Mortality
Noncardiovascular and

Noncancer Mortality

No. of
Events

Incidence
Rate

(95% CI)a
No. of
Events

Incidence
Rate

(95% CI)a
No. of
Events

Incidence
Rate

(95% CI)a
No. of
Events

Incidence
Rate

(95% CI)a

ULSAMb

Quintile 1 207 72 2.94 (2.33-3.70) 24 0.98 (0.66-1.46) 21 0.86 (0.56-1.31) 27 1.10 (0.76-1.61)

Quintile 2 193 74 3.38 (2.69-4.25) 22 1.01 (0.66-1.53) 30 1.37 (0.96-1.96) 22 1.01 (0.66-1.53)

Quintile 3 201 81 3.51 (2.82-4.36) 21 0.91 (0.59-1.39) 32 1.38 (0.98-1.96) 28 1.21 (0.84-1.76)

Quintile 4 200 86 3.75 (3.04-4.63) 25 1.09 (0.74-1.61) 31 1.35 (0.95-1.92) 30 1.31 (0.91-1.87)

Quintile 5 208 100 4.42 (3.63-5.37) 39 1.72 (1.26-2.37) 34 1.50 (1.07-2.10) 27 1.19 (0.82-1.74)

PIVUSc

Quintile 1 196 12 0.80 (0.46-1.41)

Quintile 2 199 20 1.31 (0.84-2.03)

Quintile 3 199 21 1.36 (0.88-2.08)

Quintile 4 200 23 1.46 (0.97-2.20)

Quintile 5 193 24 1.65 (1.10-2.46)
Abbreviations: PIVUS, Prospective Investigation of the Vasculature in Uppsala Seniors; ULSAM, Uppsala Longitudinal Study of Adult Men.
aPer 100 person-years of follow-up.
bThe cut points are less than 14.6 µg/L (minimum: 7.5 µg/L; median: 13.3 µg/L) for quintile 1; 14.6 to 16.6 µg/L (median: 15.7 µg/L) for quintile 2; 16.7 to 18.5 µg/L (median: 17.5

µg/L) for quintile 3; 18.6 to 20.6 µg/L (median: 19.3 µg/L) for quintile 4; and greater than 20.6 µg/L (maximum: 34.2 µg/L; median: 22.6 µg/L) for quintile 5.
cThe cut points are less than 14.6 µg/L (minimum: 5.3 µg/L; median: 12.6 µg/L) for quintile 1; 14.6 to 17.0 µg/L (median: 15.7 µg/L) for quintile 2; 17.1 to 19.9 µg/L (median: 18.5

µg/L) for quintile 3; 20.0 to 23.7 µg/L (median: 21.7 µg/L) for quintile 4; and greater than 23.7 µg/L (maximum: 42.2 µg/L; median: 27.4 µg/L) for quintile 5.
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Figure 1. Cumulative Incidence of Total Mortality by Quintile of Cathepsin S
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The cut points for the Uppsala Longitudinal Study of Adult Men cohort for quintiles 1 through 4 are serum cathepsin S levels of 20.6 µg/L or less; and for quintile 5,
serum cathepsin S levels of greater than 20.6 µg/L. The cut points for the Prospective Investigation of the Vasculature in Uppsala Seniors cohort for quintiles 1 through
4 are serum cathepsin S levels of 23.7 µg/L or less; and for quintile 5, serum cathepsin S levels of greater than 23.7 µg/L.

Table 3. Relationship of Cathepsin S to Total, Cardiovascular, and Cancer Mortality in the Uppsala Longitudinal Study of Adult Men

Cathepsin S
Cut Points, µg/L

Total Mortality Cardiovascular Mortality Cancer Mortality

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value
Per unit increase of cathepsin S

Model Aa 1.04 (1.02-1.07) .001 1.05 (1.01-1.10) .02 1.06 (1.02-1.10) .008
Model Bb 1.04 (1.02-1.07) .001 1.05 (1.00-1.10) .03 1.05 (1.01-1.10) .01
Model Cc 1.04 (1.01-1.06) .009 1.03 (0.99-1.08) .15 1.05 (1.01-1.10) .01

Multicategory models
Model Aa

Quintile 1 �14.6 1 [Reference] 1 [Reference] 1 [Reference]
Quintile 2 14.6-16.6 1.16 (0.84-1.61) .35 1.04 (0.58-1.85) .90 1.61 (0.92-2.82) .09
Quintile 3 16.7-18.5 1.23 (0.90-1.70) .20 0.97 (0.54-1.75) .93 1.64 (0.95-2.85) .08
Quintile 4 18.6-20.6 1.33 (0.97-1.82) .08 1.16 (0.66-2.04) .60 1.62 (0.93-2.82) .09
Quintile 5 �20.6 1.62 (1.20-2.20) .002 1.90 (1.14-3.16) .01 1.86 (1.08-3.20) .03

Model Bb

Quintile 1 �14.6 1 [Reference] 1 [Reference] 1 [Reference]
Quintile 2 14.6-16.6 1.19 (0.86-1.65) .29 1.04 (0.58-1.86) .89 1.64 (0.94-2.88) .08
Quintile 3 16.7-18.5 1.22 (0.89-1.68) .21 0.96 (0.54-1.74) .91 1.65 (0.95-2.86) .08
Quintile 4 18.6-20.6 1.32 (0.97-1.81) .08 1.16 (0.66-2.03) .61 1.63 (0.94-2.84) .08
Quintile 5 �20.6 1.57 (1.16-2.13) .003 1.84 (1.11-3.08) .02 1.82 (1.06-3.15) .03

Model Cc

Quintile 1 �14.6 1 [Reference] 1 [Reference] 1 [Reference]
Quintile 2 14.6-16.6 1.12 (0.81-1.55) .51 0.97 (0.54-1.73) .91 1.63 (0.93-2.86) .09
Quintile 3 16.7-18.5 1.12 (0.82-1.55) .48 0.86 (0.48-1.55) .61 1.63 (0.94-2.84) .08
Quintile 4 18.6-20.6 1.14 (0.83-1.58) .40 0.93 (0.52-1.65) .80 1.60 (0.91-2.80) .10
Quintile 5 �20.6 1.44 (1.06-1.96) .02 1.52 (0.90-2.55) .12 1.79 (1.03-3.12) .04

Threshold models
Model Aa

Quintiles 1-4 �20.6 1 [Reference] 1 [Reference] 1 [Reference]
Quintile 5 �20.6 1.38 (1.09-1.71)

.005
1.82 (1.25-2.65)

.002
1.28 (0.87-1.87)

.22

Model Bb

Quintiles 1-4 �20.6 1 [Reference] 1 [Reference] 1 [Reference]
Quintile 5 �20.6 1.33 (1.06-1.67)

.01
1.77 (1.22-2.59)

.003
1.23 (0.83-1.81)

.30

Model Cc

Quintiles 1-4 �20.6 1 [Reference] 1 [Reference] 1 [Reference]
Quintile 5 �20.6 1.31 (1.04-1.65)

.02
1.62 (1.11-2.37)

.01
1.22 (0.83-1.81)

.30

Abbreviation: HR, hazard ratio.
a Indicates age-adjusted model.
b Indicates lifestyle model (age, body mass index, smoking status, leisure-time physical activity level, and education level).
c Indicates cardiovascular risk factor model (age, systolic blood pressure, diabetes, smoking status, body mass index, total cholesterol, high-density lipoprotein cholesterol, anti-

hypertensive treatment, lipid-lowering treatment, and history of cardiovascular disease).
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cathepsin S (n=13) or other covariates
(n=14), leaving 987 participants as the
study sample (baseline period: 2001-
2004).

The baseline characteristics are
shown in Table 1. The mean (SD) se-
rum level of cathepsin S was 19.5 (0.6)
µg/L in men and 19.0 (0.6) µg/L in
women. During follow-up (median: 7.9
years; range, 0.3-9.8 years; end of fol-
low-up: 2010), 100 participants died
(incidence rate: 1.32/100 person-
years at risk). The incidence rate per
1-unit increase of cathepsin S was 0.15/
100 person-years at risk. The inci-
dence rates in cathepsin S quintiles are
shown in Table 2.

Cox Regression Models

A 1-unit increase of cathepsin S was as-
sociated with a 1.03 higher HR for total
mortality after adjustment for age, sex,
lifestyle factors, and established cardio-
vascular risk factors (models B and C;
TABLE 4). Moreover, in multicategory
models, participants in quintile 5 had a
HR of between 2.10 and 2.25 compared
with participants in quintile 1 (models
A-C; Table 4). The risk estimates were
similar after adjustment for various in-
flammatory markers and cystatin C, al-
though some associations were not sta-
tistically significant (eTable 5 at http:
//www.jama.com). The cumulative
incidences of total mortality in quintile
5 vs quintiles 1 through 4 are shown in

Figure 1. Examination of regression
splines suggests a linear increase in mor-
tality with increasing levels of cathep-
sin S (Figure 2).

There was no statistically signifi-
cant effect modification for sex (P=.15).
Nonetheless, we performed sex-
stratified analyses. In these analyses, the
association between cathepsin S and
mortality appeared stronger in women
than in men in model A (women: HR
for 1-unit increase of cathepsin S, 1.06
[95% CI, 1.01-1.11], P=.03; men: HR
for 1-unit increase of cathepsin S, 1.01
[95% CI, 0.97-1.06], P= .58) and in
model B (women: HR for 1-unit in-
crease of cathepsin S, 1.05 [95% CI,
1.00-1.11], P=.04; men: HR for 1-unit
increase of cathepsin S, 1.02 [95% CI,
0.97-1.07], P=.42); however, neither
analysis was significant in model C
(eTable 6).

COMMENT
In 2 independent cohorts of elderly in-
dividuals (age �70 years), higher se-
rum levels of cathepsin S were associ-
ated with increased mortality risk even
after adjustment for age, lifestyle fac-
tors, and cardiovascular risk factors.
Moreover, in the ULSAM cohort, se-
rum cathepsin S was independently as-
sociated with cause-specific mortality
from cardiovascular disease and can-
cer. These results were similar after fur-
ther adjustment for inflammatory mark-

ers and cystatin C and after excluding
those with a diagnosis of cancer at base-
line or up to 2 years after. In the PIVUS
cohort, the association between cathep-
sin S and mortality appeared stronger in
women. However, this finding should be
taken with caution given the modest
sample size of the different strata. Our
community-based data confirm and ex-
tend previous experimental research that
suggest that cathepsin S activity may be
involved in the pathological processes
leading to cardiovascular disease, can-
cer, and death.

Comparison With Literature

In patients with peripheral artery dis-
ease, cathepsin S levels have not been as-
sociated with increased mortality.32 The
conflicting results between our study and
this prior study32 may be explained by
differences in the sample size, number
of events, follow-up time, and clinical
characteristics of the study samples. To
our knowledge, no prior study has re-
ported the association between circulat-
ing levels of cathepsin S and mortality
risk in the general population.

Potential Mechanisms for the
Observed Associations

Although we cannot establish causal-
ity in our observational study, there are
several potential pathways that may ex-
plain the association between cathep-
sin S and mortality. First, multiple lines
of evidence suggest a role for cathep-
sin S at different stages in the athero-
sclerotic process (FIGURE 3A). Cathep-
sin S aggravates foam cell formation by
degrading low-density lipoprotein cho-
lesterol and reducing cholesterol ef-
flux from macrophages.17 In knock-
out studies in mice, deficiency of
cathepsin S reduces atherosclerosis by
up to 60%.20 In human atherosclerotic
lesions, the immunoreactivity of ca-
thepsin S is localized mainly in the fi-
brous caps and macrophage-rich shoul-
der regions where plaque ruptures
usually occur.19 The fact that the asso-
ciation between cathepsin S and car-
diovascular mortality appeared stron-
ger in participants with prevalent
cardiovascular disease may indicate that

Figure2.AssociationBetweenSerumCathepsinSandTotalMortalityAssessedviaRegressionSplines
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S as a function of penalized regression splines. The vertical lines indicate the quintile cut points.

SERUM CATHEPSIN S AND THE RISK FOR MORTALITY

1118 JAMA, September 14, 2011—Vol 306, No. 10 ©2011 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



circulating levels of cathepsin S could
be a marker of the plaque’s vulnerabil-
ity in patients with prevalent cardio-
vascular disease. Another possible
interpretation could be that higher cir-
culating levels of cathepsin S are a con-
sequence of prevalent cardiovascular
disease, which in turn leads to a higher
mortality risk (ie, reverse causation).
Additional studies are needed to elu-
cidate this issue.

Second, cathepsin S is highly ex-
pressed in different malignant tissue26

and is involved in the progression
of cancer via tumor proliferation,
angiogenesis, and cell migration
(Figure 3B).22,23,25,27,33 The fact that the
association between serum level of ca-
thepsin S and cancer mortality was ro-
bust even after exclusion of partici-
pants with prevalent cancer at baseline
and of those who developed cancer dur-
ing the first 2 years of follow-up sug-
gests that cathepsin S activity may be in-
volved early in the processes leading to
clinically overt cancer. However, it is
possible that some individuals had un-
diagnosed cancer at baseline.

Third,otherpotentialpathwaysshould
be highlighted. Cystatin C, the endoge-
nous inhibitorofcathepsinSactivity,10 is
a strongpredictor forcardiovasculardis-
ease30,34 andcancer.35 Moreover, cathep-
sinSactivity is involved in inflammatory
processes14,36-40 and in conditions with
metabolicdisturbancessuchasobesity,11,12

diabetes,13 anddyslipidemia41; these fac-
torsareassociatedwithan increasedrisk
of mortality.42 The fact that the associa-
tion between cathepsin S and mortality
was similar after adjustments for cysta-
tin C, inflammatory markers, and estab-
lishedcardiovascularriskfactorssuggests
that these pathways are not the sole ex-
planation of our findings. Still, we can-
notexcluderesidualconfoundingbythese
pathways because circulating biomark-
ers may have limited usefulness as indi-
cators of intracellular processes.

Clinical Implications

Given its putative role in atherogen-
esis and tumorigenesis, cathepsin S has
been put forward as a possible target of
pharmaceutical intervention and the

development of selective cathepsin S in-
hibitors is ongoing.4,18,43-46 Some of these
inhibitors are being evaluated in vari-
ous phases clinical trials.47 If these drugs
are found to be effective, tools for iden-
tifying target groups and for monitor-
ing treatment need to be developed. Our
study suggests that it is possible to as-
sess serum levels of cathepsin S in
large populations. Future interven-
tion trials are needed to evaluate
whether cathepsin S inhibition is a safe
and effective pharmacological target for
these diseases.

Strengths and Limitations
The strengths of our investigation
include the use of 2 independent
community-based study samples
with longitudinal data and the
detailed characterization of the study
participants. To our knowledge,
the ULSAM and PIVUS cohorts are
the l a rge s t cohor t s tha t have
analyzed circulating levels of cathep-
sin S.

Limitations include the unknown
generalizability to other age and
ethnic groups. Moreover, some of the

Table 4. Relationship of Cathepsin S to Total Mortality in the Prospective Investigation of the
Vasculature in Uppsala Seniors

Cathepsin S
Cut Points, µg/L HR (95% CI) P Value

Per unit increase of cathepsin S
Model Aa 1.03 (1.00-1.06) .07

Model Bb 1.03 (1.00-1.07) .05

Model Cc 1.03 (1.00-1.07) .04

Multicategory models
Model Aa

Quintile 1 �14.6 1 [Reference]

Quintile 2 14.6-17.0 1.63 (0.80-3.34) .18

Quintile 3 17.1-19.9 1.74 (0.86-3.56) .13

Quintile 4 20.0-23.7 1.84 (0.91-3.71) .09

Quintile 5 �23.7 2.10 (1.04-4.22) .04

Model Bb

Quintile 1 �14.6 1 [Reference]

Quintile 2 14.6-17.0 1.55 (0.75-3.22) .24

Quintile 3 17.1-19.9 1.62 (0.78-3.39) .20

Quintile 4 20.0-23.7 1.61 (0.78-3.33) .20

Quintile 5 �23.7 2.25 (1.11-4.58) .02

Model Cc

Quintile 1 �14.6 1 [Reference]

Quintile 2 14.6-17.0 1.63 (0.79-3.37) .18

Quintile 3 17.1-19.9 1.78 (0.87-3.66) .11

Quintile 4 20.0-23.7 1.87 (0.92-3.79) .08

Quintile 5 �23.7 2.16 (1.06-4.39) .03

Threshold models
Model Aa

Quintiles 1-4 �23.7 1 [Reference]

Quintile 5 �23.7 1.34 (0.84-2.13)
.21

Model Bb

Quintiles 1-4 �23.7 1 [Reference]

Quintile 5 �23.7 1.55 (0.96-2.50)
.07

Model Cc

Quintiles 1-4 �23.7 1 [Reference]

Quintile 5 �23.7 1.37 (0.86-2.19)
.19

Abbreviation: HR, hazard ratio.
a Indicates age- and sex-adjusted model.
b Indicates lifestyle model (age, sex, body mass index, smoking status, leisure-time physical activity, and education

level). Performed in 950 individuals due to missing covariates.
c Indicates cardiovascular risk factor model (age, sex, systolic blood pressure, diabetes, smoking status, body mass

index, total cholesterol, high-density lipoprotein cholesterol, antihypertensive treatment, lipid-lowering treatment, and
history of cardiovascular disease).
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risk estimates in the PIVUS cohort did
not reach statistical significance.
Thus, additional large-scale studies
in other ethnicities and in other age
groups are needed to properly vali-

date our findings. Still, the con-
sistency of the association between
cathepsin S and mortality in the
2 cohorts would argue against the
results as chance findings.

CONCLUSIONS
Higher serum levels of cathepsin S were
associated with an increased risk for
mortality in 2 independent community-
based cohorts. Further research is

Figure 3. Possible Roles of Cathepsin S in the Progression of Atherosclerosis and Malignancy
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Cathepsin S is a lysosomal cysteine protease that may also be released into the cytoplasm, expressed on the surface of cells, and secreted into the extracellular space.
The proteolytic action of cathepsin S has been suggested to have a role in atherosclerosis and malignancy. Evidence for such a role is based largely on immunohisto-
chemistry co-localization experiments that identify sites of cathepsin S activity in human atherosclerotic lesions and tumors and in studies of cathepsin S–deficient mice.
Cathepsin S is also involved in major histocompatibility complex class II antigen presentation and in inflammatory activity, processes that also have been implicated in
the development of cardiovascular disease and cancer. IEL indicates internal elastic lamina.
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needed to determine whether cathep-
sin S measurements have any utility in
clinical settings.
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