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P‑selectin is synthesized by platelets and endothelial 
cells and stored in intracellular granules.[1] Upon being 

activated in areas of vascular injury associated with throm‑
bosis and inflammation, P‑selectin is expressed on the 
plasma membrane and becomes a transmembrane protein. 

P‑selectin also exists in a soluble form (sP‑sel), represent‑
ing a circulating marker of platelet activation.[2] Plasma 
sP‑sel concentrations are increased in several thrombotic 
diseases and are correlated with clinical atherosclerosis 
and blood vessel stiffness in human.[3] However, studies on 
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At a Glance Commentary

Scientific background of the subject

A variety of biomarkers have been 
used for cardiovascular prognostic predic‑
tion. By a design of head‑to‑head com‑
parison, this study sought to figure out 
the long‑term prognostic values of these 
parameters in patients hospitalized with 
suspected coronary artery disease.

What this study adds to the field

This 10‑year follow‑up study demon‑
strated that soluble P‑selectin has prognostic 
values in predicting the cardiac events in 
patients with preserved left ventricular sys‑
tolic function. This prognostic value is better 
than that provided by traditional biomarkers.

Background:	 A variety of biomarkers have been investigated on their 
values to predict cardiovascular outcomes, such as 
high‑sensitivity C‑reactive protein  (hs‑CRP), fibrinogen, 
troponin‑I (TnI), and soluble P‑selectin (sP‑sel). By a design 
of head‑to‑head comparison, this study sought to figure 
out the long‑term prognostic values of these parameters in 
patients hospitalized with suspected coronary artery disease.

Methods:	 A total of 170 patients hospitalized with suspected coro‑
nary artery disease were enrolled and followed up for an 
average of 10 years. sP‑sel, hs‑CRP, TnI, and fibrinogen 
levels were measured. During the follow‑up period, cardi‑
ac events were recorded including cardiac death, non‑fatal 
myocardial infarction, and acute coronary syndromes with 
hospitalization.

Results:	 For all 170  patients, with a median follow‑up time of 
9.86 ± 3.87 years, no parameter was able to significantly 
predict the occurrence of cardiac events. In subgroup 
analysis, an sP‑sel of ≥ 63.5 ng/ml significantly predicted 
the development of all composite cardiac events only in patients with a left ventricular ejection 
fraction > 50% (n = 94, p = 0.04). However, the levels of hs‑CRP, TnI, and fibrinogen did not have 
significant predictive values. Multivariate analysis also demonstrated the independent predictive value 
of sP‑sel on all cardiac events (hazard ratio = 5.82, p = 0.02). All parameters, including sP‑sel, could 
not demonstrate prognostic values in patients with a left ventricular ejection fraction ≤ 50% (n = 76).

Conclusions:	 In this 10‑year long‑term follow‑up study, sP‑sel was demonstrated to have prognostic values in 
predicting the cardiac events in patients with preserved left ventricular systolic function.

	 (Biomed J 2013;36:137-143)
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the effects of blood sP‑sel levels on predicting future car‑
diovascular events have provided controversial results.[3]

Increased levels of sP‑sel have been shown to pre‑
dict major cardiovascular events in patients with exist‑
ing peripheral or coronary atherosclerosis.[3] However, a 
few large‑scale studies were unable to demonstrate the 
predictive value of sP‑sel on cardiovascular events.[4] 
The discrepancy may be derived from different study 
populations without excluding the impact of left ven‑
tricular systolic function on disease outcomes. On the 
other hand, a few biomarkers have been investigated on 
their values to predict cardiovascular outcomes in patients 
with atherosclerotic diseases. High‑sensitivity C‑reactive 
protein (hs‑CRP) and fibrinogen levels have been demon‑
strated to be good biomarkers of cardiovascular risks.[5,6] 
Troponin‑I  (TnI) also has well‑known prognostic and 
diagnostic values.[7] However, there has never been a 
head‑to‑head study to compare the long‑term prognostic 
values between these biomarkers.

Thus, our study specifically selected subjects hospital‑
ized due to ischemic chest pain, treated non‑invasively. The 
predictive value of sP‑sel on future 10‑year cardiovascular 
events was analyzed in subgroups with preserved or impaired 
left ventricular dysfunction. Furthermore, the prognostic 
value of sP‑sel was also compared with other biomarkers, 
including hs‑CRP, fibrinogen, and TnI.

METHODS

Patients

From February 1995 to August 1997, 170  patients 
hospitalized due to ischemic chest discomfort  (suspected 
with coronary artery disease) were prospectively enrolled 
in the study. Exclusion criteria included:  (1) coronary in‑
terventions performed during the hospitalization; (2) severe 
valvular heart disease; (3) a history of percutaneous coronary 
angioplasty or bypass surgery; (4) New York Heart Associa‑
tion functional class IV; and (5) refusal to join in this study. 
Before discharge  (on average 5.7 ± 2.1 days after admis‑
sion), blood samples were collected for the measurement 
of sP‑sel, C‑reactive protein  (CRP), fibrinogen, creatine 
kinase (CK)‑mass, and TnI in the core laboratory. Informed 
consent was obtained from all patients. The study was de‑
signed and carried out in accordance with the principles of the 
Declaration of Helsinki, and approval from the Ethics Review 
Board of Chang Gung Memorial Hospital was obtained.

Measurements

Plasma levels of sP‑sel were assayed by enzyme‑linked 
immunoassay  (R and D Systems). Serum hs‑CRP con‑
centrations were measured with hs‑immunoradiometric 
assay  (range, 0.05-10 mg/l), as described previously. Fi‑

brinogen was measured with an immunoturbidimetric assay 
using a Hitachi 911 analyzer with reagents and calibrators 
from Kamiya Biomedical (Seattle, WA, USA). The median 
values of sP‑sel, fibrinogen, and hs‑CRP were adopted as 
the cutoff point for further dichotic analysis. TnI was mea‑
sured by chemiluminescence inmunoassays on automated 
analyzers  (AccuTnI, Access; Beckman Coulter, Krefeld, 
Germany). The cutoff value of TnI, defined as the 99th per‑
centile of healthy participants, was 0.04 μg/l.

Patient follow‑up

For all patients, follow‑up data were obtained every 
6 months from hospital records, personal communication 
with the patients’ physicians, telephone interviews, and 
patients’ visits to staff physicians at regular intervals in 
the outpatient clinic. “Hard” outcome events were cardiac 
death and non‑fatal myocardial infarction (MI), while “all 
events” included hard events and unstable angina. Cardiac 
death was defined as death with documentation of significant 
arrhythmia or cardiac arrest, or both, or death attributable 
to congestive heart failure or MI in the absence of any other 
precipitating factors. For patients who died outside of the 
hospital and did not receive an autopsy, sudden unexpected 
death was attributed to a cardiac cause. The recurrence of 
acute MI was defined using the standard criteria of history, 
ECG, and cardiac enzyme levels. Unstable angina was de‑
fined as accelerating anginal symptoms requiring hospital 
readmission, or progression of symptoms requiring revas‑
cularization. Because the decision for bypass surgery and 
coronary angioplasty might be subjective, the outcomes of 
patients with revascularization were excluded from the final 
data analysis. Only the most severe outcome was considered 
an end‑point during the follow‑up period after patients with 
planned revascularization were excluded.

Statistical analysis

Results are expressed as mean ± SD for continuous 
variables and as percentages for categorical variables. 
Baseline variables were compared between groups using 
the χ2 or t‑test. The predictive values of several clinical 
and biomarker variables for event‑free survival were 
evaluated by a stepwise Cox regression analysis. Hazard 
ratio (HR) and 95% confidence intervals (95% CI) were 
also calculated. The event‑free survival (Kaplan-Meier) 
was determined, and the differences between survival 
curves were tested with the log‑rank test. The Cox 
regression model was used to identify significant inde‑
pendent predictors of new cardiac events, including age, 
gender, hypertension, smoking, left ventricular ejection 
fraction  (LVEF), sP‑sel, CRP, fibrinogen, and TnI. All 
statistical analyses were performed using appropri‑
ate software  (SPSS for Windows, Release 6.0; SPSS, 
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Chicago, IL, USA). A p < 0.05 was considered statisti‑
cally significant.

RESULTS

Patient characteristics

Baseline characteristics of the 170 patients are shown 
in Table 1. Patients were divided into two groups accord‑
ing to the LVEF (LVEF > 50% vs. LVEF ≤ 50%). Plasma 
levels of sP‑sel were higher in patients with diabetes 
mellitus compared to those without  (85.0  ± 41.0 ng/ml 
vs. 68.9  ± 25.8  ng/ml, respectively; p  = 0.009) and in 
patients of younger age  (r  = 0.22, p  = 0.01), but were 
not significantly related to other laboratory and demo‑
graphic parameters. To test whether the sP‑sel level 
had prognostic values, the median value of sP‑sel 
(63.5 ng/ml) in the group with LVEF > 50% was used as 
a cutoff value to separate each group into two subgroups. 
In the patients with LVEF > 50%, patients with an sP‑sel 
level ≥ 63.5 ng/ml were younger and had a higher preva‑
lence of smoking and alcohol intake, compared to the 
patients with an sP‑sel level < 63.5 ng/ml. There were no 
significant differences in other parameters between these 

two subgroups. In the patients with LVEF ≤ 50%, there 
were no significant differences in all parameters between 
these two subgroups.

Among the other measures of blood parameters, TnI 
levels were positively correlated with fibrinogen (p = 0.01) 
and hs‑CRP levels (p = 0.0002) and negatively related to 
age (p = 0.0004). Fibrinogen levels were positively correlat‑
ed with hs‑CRP (p < 0.0001) and TnI levels (p = 0.01). More‑
over, hs‑CRP levels were associated with higher fibrinogen 
levels (p < 0.0001) and lower LVEF (p = 0.04). The median 
values of fibrinogen (257.9 mg/dl) and hs‑CRP (2.9 mg/l) 
were used as the cutoff values for further analysis. A TnI 
level of > 0.4 ng/ml  was used as an elevated value for further 
prognostic analysis.

Cardiac events during 10‑year follow‑up

With a median follow‑up time of 9.86 ± 3.87 years, 
of the 170  patients, 44  (25.9%) developed unstable 
angina, 25  (14.7%) had non‑fatal MI, and 14  (8.2%) 
had cardiac deaths. The patients with LVEF  >  50%, 
compared to those with LVEF ≤ 50%, had insignificant 
differences in the incidence of unstable angina  (29.8% 
vs. 21.1%, p  = 0.20), non‑fatal MI  (14.9% vs. 14.5%, 

Table 1: Demographic and laboratory variables in patients with a left ventricular ejection fraction of >50% and those with≤50%

Variables LVEF>50% p value LVEF≤≤50% p value

sP‑sel≥63.5 
ng/ml (n=48)

sP‑sel<63.5 ng/ml 
(n=46)

sP‑sel≥≥63.5 ng/
ml (n=42)

sP‑sel<63.5 ng/ml 
(n=34)

Age (years) 60.2±8.6 67.1±9.8 0.01 66.2±10.9 68.8±9.7 0.29
Sex, n (male, %) 42 (87.5) 34 (73.9) 0.09 35 (83.3) 28 (82.4) 0.91
Diabetes mellitus, n (%) 12 (25.0) 16 (34.8) 0.30 16 (38.1) 9 (26.5) 0.29
Hypertension, n (%) 24 (50.0) 20 (43.5) 0.53 18 (42.9) 13 (38.2) 0.69
Hyperlipidemia, n (%) 30 (62.5) 22 (47.8) 0.15 22 (52.4) 11 (32.4) 0.08
Smoking, n (%) 36 (75) 18 (39.1) 0.001 25 (59.5) 19 (55.9) 0.75
Alcohol intake, n (%) 18 (37.5) 6 (13.0) 0.007 10 (23.8) 11 (32.4) 0.41
LVEF (%) 61.3±7.1 60.9±7.4 0.84 37.6±10.9 35.8±11.0 0.48
CRP (mg/l) 11.7±22.5 3.8±7.3 0.12 10.0±17.7 15.1±25.7 0.31
Fibrinogen (mg/dl) 256.9±91.6 249.3±66.8 0.75 262.0±78.4 274.8±77.7 0.48

Troponin‑I (ng/ml) 4.9±8.6 2.0±5.6 0.18 1.3±2.5 1.4±1.9 0.91

Abbreviations: LVEF: Left ventricular ejection fraction; CRP: C‑reactive protein; sP‑sel: Soluble P‑selectin

Table 2: Cardiac events during the 10 years of follow‑up in different patients groups

LVEF>50% p value LVEF≤50% p value All patients p value

sP‑sel≥63.5 
ng/ml (n=48)

sP‑sel<63.5 
ng/ml (n=46)

sP‑sel≥63.5 
ng/ml (n=42)

sP‑sel<63.5 
ng/ml (n=34)

sP‑sel≤63.5 
ng/ml (n=90)

sP‑sel<63.5 
ng/ml (n=80)

UA, n (%) 18 (38) 10 (22) 0.10 9 (21) 7 (21) 0.93 27 (30) 17 (21) 0.19
AMI, n (%) 10 (21) 4 (9) 0.10 7 (17) 4 (12) 0.75 17 (19) 8 (10) 0.10
Death, n (%) 4 (8) 2 (4) 0.68 4 (10) 4 (12) 1.0 8 (9) 6 (8) 0.74
UA or AMI, n (%) 20 (42) 8 (17) 0.01 11 (26) 8 (24) 1.0 31 (34) 16 (20) 0.04
AMI or death, n (%) 12 (25) 4 (9) 0.04 10 (24) 7 (21) 0.74 22 (24) 11 (14) 0.08

All events, n (%) 24 (50) 10 (22) 0.004 15 (36) 12 (35) 1.0 39 (43) 22 (28) 0.03

Abbreviations: LVEF: Left ventricular ejection fraction; UA: Unstable angina; AMI: Non‑fatal acute myocardial infarction; all, UA or AMI or 
death, Statistical analysis was performed by χ2; sP‑sel: Soluble P‑selectin
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p = 0.94), and cardiac death (6.4% vs. 10.5%, p = 0.33). 
Table 2 shows that in patients with an LVEF > 50%, an 
sP‑sel level of  ≥ 63.5  ng/ml was significantly associ‑
ated with a higher incidence of “unstable angina and 
non‑fatal MI” (p = 0.01), “hard events” (p = 0.04), and “all 
events” (p = 0.004), but was not significantly associated 
with individual event categories (by χ2 analysis). However, 
in patients with an LVEF ≤ 50%, sP‑sel levels were not 
related to any of the cardiac or composite events. In the 
following analysis, prognostic values were analyzed only 
on “all” cardiac events.

COX univariable analysis

Univariable analysis showed that in the patients 
with an LVEF  > 50%, an sP‑sel level of  ≥ 63.5  ng/ml 
significantly predicted the development of all cardiac 
events (p = 0.04) [Table 3]. Figure 1 demonstrates that the 
curve of sP‑sel level ≥ 63.5 ng/ml continuously separated 
from the curve of sP‑sel level < 63.5 ng/ml during the 10‑year 
follow‑up period. However, sP‑sel level did not have signifi‑
cantly  predictive values on cardiac events in patients with 

an LVEF ≤ 50% or in all patients [Tables 4 and 5, Figure 1].
In the patients with an LVEF  ≤ 50%, although the 

patients with a higher TnI level had a higher cardiac event 
rate in the first year of follow‑up (p = 0.026), there was no 
statistical significance in the long run [Table 4, Figure 2]. 
In the patients with an LVEF > 50%, if the TnI level was 
elevated, there was an insignificant trend to have a higher 
event rate for those with follow‑up longer than 5  years 
[Table 3, Figure 2]. The levels of fibrinogen and hs‑CRP, 
and all demographic parameters did not provide a signifi‑
cant value in predicting cardiac outcomes in all patients, or 
in the patients with an LVEF > 50% or ≤ 50% [Tables 3-5, 
Figures 1 and 2].

COX multivariable analysis

Multivariable analysis by the Cox regression model 
demonstrated that an sP‑sel level of > 63.5 ng/ml was an in‑
dependent parameter in predicting future “all” composite car‑
diac events only in patients with an LVEF > 50% (p = 0.02), 
with an HR of 5.86 (95% CI = 1.23-27.86). However, in all 

Table 3: Univariable and multivariable analysis on long‑term cardiac outcomes in patients with left ventricular ejection fraction >50%

Univariable Multivariable

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age≥≥67 years 0.96 (0.37-2.50) 0.94 2.79 (0.63-12.29) 0.18

Male gender 0.60 (0.21-1.70) 0.34 0.35 (0.07-1.86) 0.22
Diabetes mellitus 1.00 (0.35-2.84) 0.99 0.86 (0.21-3.55) 0.84
Hypertension 0.52 (0.19-1.41) 0.20 0.29 (0.08-1.06) 0.06

Hyperlipidemia 0.98 (0.38-2.55) 0.97 0.93 (0.28-3.04) 0.90
Smoking 0.83 (0.32-2.16) 0.71 1.13 (0.20-6.49) 0.89
Alcohol intake 0.93 (0.30-2.85) 0.90 0.65 (0.15-2.80) 0.56

Troponin‑I>0.4 ng/ml 1.64 (0.62-4.31) 0.32 1.98 (0.57-6.91) 0.29

Fibrinogen≥≥257.9 mg/dl 1.40 (0.53-3.68) 0.50 0.49 (0.12-2.07) 0.34

CRP≥≥2.9 mg/l 0.89 (0.34-2.30) 0.80 0.61 (0.20-1.94) 0.41

sP‑selectin≥≥63.5 ng/ml 2.85 (1.00-8.10) 0.04 8.42 (1.65-43.05) 0.01

Abbreviations: CRP: C‑reactive protein; CI: Confidence interval; sP‑sel: Soluble P‑selectin

Table 4: Univariable and multivariable analysis on long‑term cardiac outcomes in patients with left ventricular ejection fraction≤≤50%

Univariable Multivariable

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age≥≥67 years 0.77 (0.36-1.63) 0.49 0.90 (0.35-2.27) 0.82

Male gender 0.92 (0.35-2.44) 0.87 0.68 (0.22-2.12) 0.50
Diabetes mellitus 1.34 (0.61-2.92) 0.47 1.32 (0.59-2.96) 0.50
Hypertension 1.77 (0.83-3.77) 0.14 1.74 (0.78-3.91) 0.18
Hyperlipidemia 1.40 (0.66-2.97) 0.39 1.05 (0.43-2.59) 0.91
Smoking 1.58 (0.71-3.53) 0.26 1.35 (0.47-3.90) 0.58
Alcohol intake 1.67 (0.77-3.66) 0.20 1.35 (0.44-4.09) 0.60
Troponin‑I>0.4 ng/ml 1.26 (0.57-2.74) 0.57 1.32 (0.54-3.25) 0.54
Fibrinogen≥257.9 mg/dl 1.10 (0.52-2.35) 0.81 0.95 (0.36-2.50) 0.92

CRP≥≥2.9 mg/l 0.93 (0.43-1.99) 0.84 0.96 (0.39-2.35) 0.93

sP‑selectin≥≥63.5 ng/ml 1.07 (0.50-2.30) 0.85 1.06 (0.45-2.49) 0.90

Abbreviations: CRP: C‑reactive protein; CI: Confidence interval; sP‑sel: Soluble P‑selectin
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Figure 2: The 10‑year prognostic values of high‑sensitivity C‑reactive protein (hs‑CRP), troponin I, and fibrinogen levels on “all” cardiac 
events in patients with a left ventricular ejection fraction > 50% and ≤ 50%

Figure 1: The 10‑year prognostic values of soluble P‑selectin (sP‑sel) 
levels on “all” cardiac events in patients with a left ventricular ejection 
fraction > 50% and  ≤≤ 50% (UA, unstable angina; AMI, non‑fatal 
acute myocardial infarction)

patients or in patients with an LVEF ≤ 50%, there were no 
demographic or laboratory parameters significantly associ‑
ated with the development of cardiac events.

DISCUSSION

In patients with ischemic chest pain and treated with 
non‑invasive strategy, our data showed that plasma sP‑sel 
level is a good predictor of cardiac events during the 10‑year 
follow‑up period in the population with an LVEF > 50%. 
Clinical parameters, hs‑CRP, fibrinogen, and TnI have no 
significant prognostic values in this population. However, 
the prognostic value of sP‑sel could not be demonstrated in 
the patients with an LVEF ≥ 50%.

Previous studies

Blood sP‑sel concentrations are increased in a variety of 
thrombotic and atherosclerotic diseases in human beings.[8] 
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However, studies on the effects of sP‑sel plasma levels on 
predicting future cardiovascular events have provided con‑
troversial results. Mulvihill et al. found that raised serum 
sP‑sel levels were unable to predict cardiovascular events 
in a small population with unstable angina and MI.[9] Malik 
et  al., performing a 16‑year follow‑up of 643 men with 
coronary artery disease and 1278 controls, found that serum 
sP‑sel was unlikely to add much predictive information to 
established risk factors.[4] However, in population‑based stud‑
ies, increased levels of sP‑sel in citrated plasma have been 
shown to predict major cardiovascular events in patients with 
existing peripheral or coronary atherosclerosis and in appar‑
ently healthy women.[10] The discrepancy may be derived 
from different blood preparation and different study designs, 
without considering the impact of left ventricular systolic 
function on disease outcomes. Our study separately looked 
at the prognostic value of plasma sP‑sel levels in patients 
with preserved and impaired left ventricular systolic function.

Findings in our study

sP‑sel was a valuable predictor of future cardiac events 
only in the patients with an LVEF > 50%. Actually, the 
major prognostic role of sP‑sel is the prediction of recurrent 
unstable angina and non‑fatal acute MI, with a minor role 
on the prediction of cardiac death. Usually, in patients with 
preserved left ventricular function, thrombus‑associated 
coronary instability and acute closure are the major causes 
of coronary events. Interestingly, our data revealed that 
the plasma concentration of sP‑sel continuously provided 
the prognostic information from the time point of patients 
enrolled throughout the whole period of 10  years. This 
finding suggests that patients with elevated sP‑sel levels 
had a trait of re‑activation of coronary instability.

It is surprising that sP‑sel levels did not have prog‑
nostic values in patients with left ventricular dysfunction. 
Patients with heart failure exhibit evidence of abnormal 

platelet activation.[11] Circulating levels of adhesion mol‑
ecules, including sP‑sel, have been found to be elevated 
in patients with heart failure compared with controls.[12] 
Furthermore, no differences in platelet parameters could 
be demonstrated when ischemic and non‑ischemic eti‑
ologies of heart failure were compared.[13] The generally 
increased sP‑sel levels in heart failure patients may mask 
the prognostic value of sP‑sel on future ischemic events. 
Keeping in line with this notion, Chung et al. demonstrated 
that p‑selectin lacked prognostic value in patients with 
heart failure.[14] None of a variety of platelet markers was 
predictive of the composite end‑point at follow‑up. These 
findings further support that sP‑sel provides prognostic 
values only in patients without interference by heart failure.

Prognostic value of hs‑CRP, fibrinogen, and TnI

Hs‑CRP is a well‑accepted marker of inflammation. In 
studies involving large numbers of patients, hs‑CRP levels 
seem to be correlated with the levels of cardiovascular 
risk.[15] In fact, hs‑CRP seems to predict cardiovascular risk 
at least as well as cholesterol levels do.[16] Data from the 
Physicians’ Health Study, a clinical trial involving 18,000 
apparently healthy physicians, revealed that elevated levels 
of hs‑CRP were associated with a threefold increase in the 
risk of heart attack.[17] However, in our study, the patients 
enrolled were suggested to be at a relatively higher risk than 
those in the community‑based clinical trials, as indicated 
by the hospitalization due to ischemic chest pain and a 
high prevalence of increased hs‑CRP level. Accordingly, 
the prognostic value of hs‑CRP in this population may be 
attenuated. On the other hand, the role of fibrinogen in the 
development of cardiovascular disease has been fully con‑
firmed by the results of all relevant studies conducted during 
the past 10 years.[6] Figure 2 shows that there is only a trend 
of relationship between higher fibrinogen levels and a poor 
cardiac outcome in patients with an LVEF > 50%. Small 

Table 5: Univariable and multivariable analysis on long‑term cardiac outcomes in all patients

Univariable Multivariable

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age≥≥67 years 0.86 (0.47-1.55) 0.61 1.13 (0.56-2.27) 0.73

Male gender 0.78 (0.38-1.58) 0.49 0.59 (0.26-1.36) 0.22
Diabetes mellitus 1.22 (0.66-2.28) 0.53 1.12 (0.58-2.15) 0.74
Hypertension 1.13 (0.63-2.05) 0.68 1.02 (0.55-1.92) 0.94
Hyperlipidemia 1.21 (0.67-2.18) 0.53 1.01 (0.53-1.91) 0.98
Smoking 1.23 (0.67-2.26) 0.51 1.18 (0.52-2.71) 0.70
Alcohol intake 1.37 (0.73-2.58) 0.33 1.40 (0.63-3.09) 0.41
Troponin‑I>0.4 ng/ml 1.36 (0.75-2.47) 0.31 1.45 (0.74-2.87) 0.28

Fibrinogen≥≥257.9 mg/dl 1.21 (0.67-2.19) 0.54 1.09 (0.56-2.11) 0.80

CRP ≥2.9 mg/l 0.89 (0.49-1.62) 0.71 0.87 (0.46-1.62) 0.65

sP‑selectin≥≥63.5 ng/ml 1.53 (0.83-2.80) 0.17 1.48 (0.78-2.81) 0.24

Abbreviations: CRP: C‑reactive protein; CI: Confidence interval; sP‑sel: Soluble P‑selectin
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patient population in our study may also limit the demonstra‑
tion of both hs‑CRP and fibrinogen on prognostic values.

Troponin assays are not only more sensitive but are also 
more specific than CK‑MB assays.[18] Although most previous 
studies showed that even minor elevations in troponin levels 
presage short‑ and long‑term events,[19] the prognostic value 
of TnI was only demonstrated in the first year follow‑up in 
our patients with impaired cardiac systolic function. TnI 
level was not as good as sP‑sel in our study designed by a 
head‑to‑head comparison for 10‑year long‑term follow‑up. 
However, Figure 2 demonstrates that there is a trend that a 
higher TnI level is associated with a higher cardiac event rate 
if the follow‑up is longer than 5 years. A longer follow‑up 
may delineate a new aspect of TnI levels on prognostic values.

Study limitations

There are a few limitations in this study. First, the cut‑
off value for each parameter should be better estimated by 
receiver operating characteristic curves. However, limited 
by small sample size in this 10‑year survival analysis, only 
median values were used to ensure adequate numbers in each 
subgroup and reach the goal of head‑to‑head comparisons. 
Second, guideline‑based medications have a significant im‑
pact on the cardiovascular outcomes. However, without an 
intention‑to‑treatment program, this study designed 10 years 
ago could not provide conclusive information on this point. 
Third, incorporating the data of kidney function and factors 
interfering with the levels of biomarkers would strengthen 
the independent predictive values of these biomarkers. 
Finally, the clinical application of the findings in our study 
is limited in the population described in our enrollment 
criteria. Further studies designed based on these limitations 
are definitely necessary.

CONCLUSION

Plasma sP‑sel provides useful prognostic value on 
long‑term cardiovascular outcomes in patients with pre‑
served left ventricular function and suggested with coronary 
artery disease. This prognostic value is even better than that 
provided by traditionally well‑documented biomarkers, 
including hs‑CRP, fibrinogen, and TnI.
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