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OBJECTIVES

The goal of this study was to determine the predictive value of pregnancy-associated plasma
protein-A (PAPP-A) in patients with acute coronary syndromes (ACS).
Pregnancy-associated plasma protein-A is a zinc-binding matrix metalloproteinase abun-
dantly expressed in eroded and ruptured plaques and may serve as a marker of plaque
destabilization.

In 547 patients with angiographically validated ACS and in a heterogeneous emergency room
population of 644 patients with acute chest pain, respectively, PAPP-A as well as markers of
myocardial necrosis (troponin T [TnT]), ischemia (vascular endothelial growth factor
[VEGF]), inflammation (high-sensitivity C-reactive protein [hsCRP]), anti-inflammatory
activity (interleukin [IL]-10), and platelet activation (soluble CD40 ligand [sCD40L]) were
determined. Patients were followed for the occurrence of death or myocardial infarction.
In patients with ACS, elevated PAPP-A levels (>12.6 mIU/l) indicated an increased risk
(odds ratio 2.44 [95% confidence interval (CI) 1.43 to 4.15]; p = 0.001). When the analysis
was restricted to TnT-negative patients, PAPP-A still identified a subgroup of high-risk
patients (odds ratio [OR] 2.72 [95% confidence interval (CI) 1.25 to 5.89]; p = 0.009). In
a multivariable model, PAPP-A (OR 2.01; p = 0.015), sCD40L (OR 2.37; p = 0.003),
IL-10 (OR 0.43; p = 0.003), and VEGF (OR 2.19; p = 0.018) were independent predictors.
Prospective validation in patients with chest pain confirmed that PAPP-A levels reliably
identify high-risk patients (adjusted OR 2.32 [95% CI 1.32 to 4.26]; p = 0.008). Patients
negative for all three markers (TnT, sCD40L, and PAPP-A) were at very low cardiac risk (30
days: 3.0% event rate; no death).

CONCLUSIONS The PAPP-A level as a marker of plaque instability is a strong independent predictor of
cardiovascular events in patients with ACS. Simultaneous determination of biomarkers with
distinct pathophysiological profiles appears to remarkably improve risk stratification in
patients with ACS.  (J Am Coll Cardiol 2005;45:229-37) © 2005 by the American College
of Cardiology Foundation

BACKGROUND

METHODS

RESULTS

Elevated levels of circulating cardiac troponin, a marker of
myocardial necrosis, are found in about one-third of the
patients with acute coronary syndromes (ACS) and are
associated with an increased short-term risk of death and
nonfatal myocardial infarction (1-4). Although the absolute
short-term risk in troponin-negative patients is significantly
lower as compared with troponin-positive patients, the large
number of patients without troponin elevation remains
clinically challenging with respect to risk assessment and
therapeutic management. Specifically, the six-month risk of
death or nonfatal myocardial infarction in troponin-negative
patients was 8.4% in the c7E3 Anti Platelet Therapy in
Unstable Refractory angina (CAPTURE) trial (5). There-
fore, the simultaneous measurement of several biomarkers
that reflect distinct pathophysiologic processes may improve
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risk stratification in patients without evidence for myocar-
dial necrosis (6).

Convincing evidence suggests that both inflammatory as
well as thrombotic mechanisms are involved in the patho-
physiology of patients with ACS (7). The availability of a
sensitive and specific early marker of plaque instability,
whose levels become elevated before or even in the absence
of myocardial necrosis, should improve diagnostic and
therapeutic decision-making. Pregnancy-associated plasma
protein-A (PAPP-A) is a high-molecular-weight, zinc-
binding matrix metalloproteinase belonging to the metz-
incin superfamily of metalloproteinases (8,9) and was orig-
inally identified in the plasma of pregnant women (10). It is
widely used for the screening of fetal trisomy in the first
trimester of gestation; PAPP-A was also found to be
abundantly expressed in eroded and ruptured plaques, re-
spectively, but is only minimally expressed in stable plaques
(11). However, a very recent study indicates that, even in
patients with stable coronary heart disease, PAPP-A levels
are associated with angiographic plaque complexity (12) and
were suggested to predict recurrence of symptoms in pa-
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Abbreviations and Acronyms

ACS = acute coronary syndromes
CAPTURE c¢7E3 = Anti Platelet Therapy in Unstable
Refractory Angina trial

CI = confidence interval

hsCRP = high-sensitivity C-reactive protein

IL = interleukin

PAPP-A = pregnancy-associated plasma
protein A

ROC = receiver operating characteristic

sCD40L = soluble CD40 ligand

TnT = troponin T

VEGF = vascular endothelial growth factor

tients with ACS (13). However, the precise role of circu-
lating PAPP-A plasma levels for predicting hard end points
like death or myocardial infarction in patients with ACS
remains to be determined. Most importantly, whether
PAPP-A plasma levels indeed provide additive and inde-
pendent prognostic information compared with recently
established biomarkers in patients with ACS is entirely
unknown. Therefore, we compared the prognostic signifi-
cance of PAPP-A plasma levels with markers of systemic
inflammation, platelet activation, ischemia, and myocardial
necrosis in two distinct study populations, a high-risk
population with refractory ACS and a large heterogeneous
group of patients with chest pain (6,14-16).

METHODS

Clinical trial population of patients with ACS. The
CAPTURE trial included patients with recurrent chest pain
at rest associated with electrocardiographic changes during
treatment with intravenous heparin and glyceryl trinitrate
(17). All patients underwent coronary angiography before
randomization, indicating significant coronary artery disease
with a culprit lesion =70% suitable for angioplasty. Heparin
was administered from before randomization until at least
1 h after the percutaneous coronary intervention. For all
patients, coronary angioplasty was scheduled between 18
and 24 h after beginning study treatment. The patients were
randomly assigned to treatment with the glycoprotein IIb/
IITa receptor antagonist abciximab or placebo. Because
other markers, such as troponin T (TnT) (5,18) and soluble
CDA40 ligand (sCD40L) (6), have been shown to interact
with the treatment effect of abciximab, we separately ana-
lyzed patients with available blood samples enrolled in the
placebo arm (n = 547; 86% of placebo patients) and patients
enrolled in the abciximab arm (n = 547; 87% of abciximab
patients). For all patients, the first available blood sample
collected after a mean time of 8.7 = 4.9 h after onset of
symptoms was analyzed.

Emergency room population of patients with acute chest
pain. A heterogeneous group of 626 consecutive patients
with acute chest pain (161 females and 465 males, mean age
61 years [range 38 to 82 years]) presenting to the emergency

JACC Vol. 45, No. 2, 2005
January 18, 2005:229-37

room at the University of Hamburg with acute chest pain
lasting less than 12 h. Patients with characteristic ST-
segment elevations were excluded. The presence of coronary
artery disease was documented by one of the following
criteria: electrocardiographic evidence of myocardial isch-
emia (new ST-segment depression or T-wave inversion), a
history of coronary heart disease (myocardial infarction or
coronary revascularization, a positive exercise stress test, or
narrowing of at least 50% of the luminal diameter of a major
coronary artery on a current angiogram). Patients without
coronary heart disease had to have a normal coronary
angiogram. Blood samples were collected at the time of
arrival in the emergency room (5.1 = 3.4 h after onset of
symptoms before initiation of treatment), and a second
blood sample was drawn 4 h later.

Biochemical analysis. Determination of the cardiac mark-
ers was performed blinded to the patients’ histories and the
allocated treatment at the research laboratory of the Uni-
versity of Frankfurt. High-sensitivity interleukin (IL), vas-
cular endothelial growth factor (VEGF), and sCD40L were
measured by ELISA (both R&D Systems, Wiesbaden,
Germany). We used the following, previously established
diagnostic threshold values: 5.0 ug/1 for sCD40L, 300 ng/1
for VEGF, and 3.5 ng/1 for IL-10 (6,14,15). Cardiac TnT
and PAPP-A were determined using a one-step enzyme
immunoassay based on electrochemiluminescence technol-
ogy (Elecsys 2010, Roche Diagnostics, Mannheim, Ger-
many). Using internal controls, total imprecision for
PAPP-A over the eight-week period was 8.5%. High-
sensitivity C-reactive protein (hsCRP) was measured using
the Behring BN II Nephelometer (Dade-Behring, Deer-
field, Illinois). A diagnostic threshold value of 10 mg/l was
used (16,19).

Statistical methods. A logistic regression model was used
to estimate the relative risk for cardiovascular events, and
patients were categorized in quintiles of PAPP-A levels
(20). Primary end points were mortality and nonfatal
myocardial infarction after 30 days (chest pain study) and 6
months (CAPTURE trial), respectively. For each time
point (24 h, 72 h, 30 days, and 6 months), the logistic
regression model was used to estimate the relative risk for
death and myocardial infarction. Post-hoc analysis of
PAPP-A quintiles was performed using the logistic regres-
sion model, with PAPP-A quintiles as a categorical variable,
and the first quintile served as the reference group. Receiver
operating characteristics (ROC) curve analysis over the
dynamic range of the PAPP-A assay was used to identify
the threshold level for PAPP-A providing the highest
predictive value. Cumulative survival was univariately eval-
uated by Kaplan-Meier analysis (log-rank test). The effect
of baseline characteristics (with p = 0.10 necessary to enter
a variable into the model) and other biochemical markers on
any observed associations between PAPP-A levels and
cardiovascular events was analyzed using stepwise logistic
regression models. All results for continuous variables are
expressed as means = SD. Continuous variables were tested
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Figure 1. Pregnancy-associated plasma protein A (PAPP-A) and high-
sensitivity C-reactive protein (hsCRP) plasma levels, respectively, accord-
ing to the baseline troponin T status. Only for illustrative purposes, outliers
are marked as circles. Importantly, all data points were included in the
statistical analysis.

for normal distribution with the Kolmogorov-Smirnov test.
Comparisons between groups were analyzed by # test (two-
sided) or by Mann-Whitney U test for not normally
distributed variables. Comparison of categorical variables
was generated by the Pearson chi-square test. Values of
p < 0.05 were considered statistically significant. All anal-
yses were performed with SPSS 11.5 (SPSS Inc., Chicago,
Illinois).

RESULTS

Baseline PAPP-A plasma levels showed a mean level of 14.2
mlU/l (median 9.3 mlU/l; range 0.2 to 105.4 mlU/).
When PAPP-A plasma levels were linked to traditional risk
markers, PAPP-A concentrations did not correlate with
TnT levels (Spearman rank correlation coefficient r = 0.11;
p = 0.16) and were similar in patients with high TnT
plasma levels and in patients with low TnT plasma levels
(Fig. 1). Only for illustrative purposes, outliers are marked
as circles, whereas all data points were included in the
statistical analysis. Similarly, VEGF (r = 0.08; p = 0.07)
and IL-10 plasma levels (r = —0.04; p = 0.35) did not show
any association with PAPP-A plasma levels. In contrast,
bivariate correlation analysis revealed a significant correla-
tion between PAPP-A and hsCRP as well as between
PAPP-A and sCD40L, although the correlation coefficients
were low with r = 0.21 for hsCRP (p < 0.001) and r = 0.18
for sCD40L (p < 0.001). However, if the analysis was
restricted to patients without myocardial necrosis (no tro-
ponin elevation), the correlation between hsCRP and
PAPP-A became more obvious with an r value of 0.68 (p <
0.001). Consequently, patients with elevated PAPP-A lev-
els had significantly higher hsCRP and sCD40L levels,
respectively (Fig. 2).

Interaction between PAPP-A plasma levels and cardiac
risk. Patients were stratified into quintiles according to
their measured PAPP-A levels: (PAPP-A_1) <4.5 mIU/I
(n = 111), (PAPP-A_2) 4.5 to 7.5 mIU/l (n = 108),
(PAPP-A_3) 7.6 to 12.6 mIU/l (n = 109), (PAPP-A_4)
12.7 to 24.0 mIU/1 (n = 110), and (PAPP-A_5) >24.0
mlU/l (n = 109), respectively. For the initial 24-h period,
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Figure 2. Soluble CD40 ligand and high-sensitivity C-reactive protein
(hsCRP) plasma levels, respectively, according to the baseline pregnancy-
associated plasma protein A (PAPP-A) status. Only for illustrative pur-
poses, outliers are marked as circles. Importantly, all data points were
included in the statistical analysis.

the combined end points of mortality and nonfatal myocar-
dial infarction did not differ between the quintiles (p =
0.69) (Fig. 3). For the 72-h follow-up including peri-
interventional events, the difference in cardiac events be-
tween the quintiles reached a level of statistical significance
(p = 0.019). During 30-day and 6-month follow-up, the
event rate curves continued to diverge, resulting in highly
significant differences between the quintiles both at 30 days
(p = 0.008) and 6 months of follow-up (p = 0.004). For the
6-month follow-up data, post-hoc analysis of the PAPP-A
quintiles using a logistic regression model revealed that only
the upper two PAPP-A quintiles (4th quintile: p = 0.034;
5th quintile: p = 0.002) significantly differed from the first
PAPP-A quintile, which served as a reference. Consistent
with these results, ROC curve analysis verified a threshold
level of 12.6 mIU/l PAPP-A for maximized predictive value
(Fig. 4).

Therefore, the study population was dichotomized ac-
cording to the calculated threshold level of 12.6 mIU/I,

I PAPP-A_5 (> 24.0 mIU/L)

PAPP-A_4 (12.7-24.0 mIU/L)
201 3 PAPP-A_3(7.6-12.6 miUL)
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Figure 3. Association between the pregnancy-associated plasma protein A
(PAPP-A) plasma levels and the cardiac event rate at 24 h, 72 h, 30 days,
and 6 months according to the PAPP-A quintile in the placebo group of
the Anti Platelet Therapy in Unstable Refractory Angina (CAPTURE)
study (n = 547). Differences in event rates between the quintiles were
significant at 72 h (p = 0.019), 30 days (p = 0.008), and 6 months (p =
0.004) of follow-up. MI = myocardial infarction.
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Figure 4. Receiver operating characteristic curve analysis for the predictive
value of pregnancy-associated plasma protein A (PAPP-A) plasma levels
for the occurrence of death or nonfatal myocardial infarction at six months
of follow-up (n = 547). Solid line = sensitivity (%); dotted line =
specificity (%).

resulting in 219 patients with elevated PAPP-A levels
(40.0%). Besides higher levels of hsCRP and sCDA40L,
respectively, in patients with elevated PAPP-A plasma
levels, baseline characteristics in patients with elevated
PAPP-A plasma levels were not significantly different from
patients with low PAPP-A plasma levels (Table 1). The
odds ratios for death and myocardial infarction (adjusted for

Table 1. Bascline Characteristics According to the PAPP-A

Status
PAPP-A PAPP-A
Low High p Value

n 328 219
Male 70.2% 71.9% 0.62
Age (yrs) 60.5 = 11.0 62.2 +10.4 0.39
Troponin T =0.1 ug/1 36.4% 39.2% 0.23
VEGF =300 ng/l 50.8% 54.3% 0.43
CRP =10 mg/1 37.3% 56.2% <0.001
IL-10 <3.5 ng/l 57.3% 53.4% 0.38
sCD40L =5.0 ug/l 33.4% 51.4% <0.001
ST-segment depression 45.1% 53.6% 0.062
T-wave inversion 51.7% 51.7% 1.00
History of

Angina >4 weeks 55.5% 56.3% 0.64

Infarction <30 days 13.3% 12.5% 0.89

Infarction =30 days 20.3% 20.6% 0.90

PTCA 17.6% 17.4% 0.75

CABG 3.4% 3.5% 0.98
Risk factors

Diabetes 9.5% 10.7% 0.97

Hypertension 34.6% 37.4% 0.64

Current smokers 40.9% 42.6% 0.41
Medication

Aspirin 98.1% 97.8% 1.00

Heparin IV 99.0% 98.8% 1.00

Nitrates IV 99.5% 99.2% 1.00

Beta-blockers 63.5% 62.9% 0.94

Bold values indicate significant differences.

CABG = coronary artery bypass grafting; CRP = C-reactive protein; IL-10 =
interleukin-10; IV = intravenous; PAPP-A = pregnancy-associated plasma protein
A; PTCA = percutancous transluminal coronary angioplasty; SCD40L = soluble
CD40 ligand; VEGF = vascular endothelial growth factor.
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Figure 5. Kaplan-Meier event rate curves showing the cumulative inci-
dence of death or nonfatal myocardial infarction (MI) at 72 h (a) and 6
months of follow-up (b) according to the baseline pregnancy-associated
plasma protein A (PAPP-A) plasma level (diagnostic threshold 12.6
mlU/l; n = 547).

differences in baseline characteristics) were 1.07 (95% con-
fidence interval [CI] 0.34 to 3.42; p = 0.91) at 24 h, 2.74
(95% CI 1.44 to 5.22; p = 0.002) at 72 h (Fig. 5a), 2.84
(95% CI 1.55 to 5.22; p = 0.001) at 30 days, and 2.44 (95%
CI 143 to 4.15; p 0.001) at 6 months (Fig. 5b).
Six-month cumulative event rates in patients with low
PAPP-A levels were 7.9% versus 17.4% for patients with
high PAPP-A levels. This difference in event rates was also
driven by a higher mortality in patients with elevated
PAPP-A plasma levels (3.2% vs. 1.2%; p = 0.098). Con-
sistently, urgent revascularization procedures including per-
cutaneous coronary intervention and coronary artery bypass
grafting were significantly higher in patients with elevated
PAPP-A plasma levels (13.6% vs. 7.9%; p = 0.012).
Non-urgent revascularization procedures during six months
of follow-up showed a higher incidence in patients with
high PAPP-A plasma levels as compared with patients with
low PAPP-A plasma levels (34.4% vs. 19.7%; p = 0.005).
Effect of abciximab treatment on the predictive value of
PAPP-A levels. All patients with available blood samples
treated with either placebo or abciximab were included in
this analysis (n = 1,090; 86.2% of the entire study popula-
tion). The association between cardiovascular risk and
PAPP-A quartiles remained significant in the abciximab
group (p = 0.014), albeit on a lower level of statistical
significance as compared with the placebo group (p <
0.001). Consistently, logistic regression analysis indicated a
borderline significant interaction between the efficacy of
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Figure 6. Predictive value of pregnancy-associated plasma protein A
(PAPP-A) for the incidence of death and nonfatal myocardial infarction
(MI) at six months of follow-up was also apparent in patients without
troponin T' (TnT) elevation (a) and was restricted to patients with low
levels of the anti-inflammatory cytokine interleukin (IL)-10 (b). Diagnos-
tic thresholds were 12.6 mIU/I for PAPP-A, 10 mg/1 for high-sensitivity
C-reactive protein, and 3.5 ng/l for IL-10 (n = 547). *p < 0.01 versus
PAPP-A low; *p < 0.01 versus PAPP-A low.

treatment with abciximab and PAPP-A values (p = 0.025).
Subsequently, in a multivariable model including TnT,
sCD40L, and PAPP-A, sCD40L (p < 0.001) remained the
only independent predictor of the effect of abciximab.
Multimarker considerations. The predictive value of
PAPP-A was also apparent in patients without evidence for
myocardial necrosis; TnT-negative patients (threshold level
0.1 ug/l) with elevated PAPP-A levels were at significantly
higher risk as compared with TnT-negative patients with
low PAPP-A levels (adjusted odds ratio 2.72 [95% CI 1.25
to 5.89]; p = 0.009) (Fig. 6a). The predictive value of
PAPP-A was also observed for a reduced threshold level of
0.01 ug/l for TnT (adjusted odds ratio 3.97 [95% CI 1.24
to 12.68]; p = 0.016). Troponin-T-positive patients suf-
fered from increased cardiovascular risk, and this was
particularly true for patients who also had elevated PAPP-A
plasma levels (adjusted odds ratio 1.94 [95% CI 1.02 to
4.09]; p = 0.027).

Most notably, the predictive value of PAPP-A was
restricted to patients with reduced levels of the anti-
inflammatory cytokine IL-10 (Fig. 6b). Logistic regression
analysis indicated a significant interaction between the
predictive value of PAPP-A values and IL-10 levels (p =
0.002). If IL-10 levels were increased (=3.5 ng/l), patients
with PAPP levels above the calculated threshold value of
12.6 mIU/]1 were protected from an increased cardiac risk
(odds ratio 1.13 [95% CI 0.44 to 2.90]; p = 0.81). However,
for patients with IL-10 values below 3.5 ng/l, increased
PAPP-A levels were associated with a marked increase in
cardiovascular risk (odds ratio 3.61 [95% CI 1.84 to 7.10];
p < 0.001).

In a stepwise multivariable logistic regression analysis
including biochemical markers as well as baseline character-
istics, none of the established risk factors that were signif-
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Table 2. Multivariable Logistic Regression Model for Death
and Nonfatal Myocardial Infarction During Six Months of
Follow-Up

Variables Odds Ratio 95% CI p Value
Gender 0.91 0.68 to 1.39 0.16
Age >65 yrs 1.36 0.91 to 1.82 0.34
Diabetes mellitus 1.22 0.83 to 1.49 0.61
Hypercholesterolemia 0.90 0.68 to 1.13 0.59
Hypertension 1.00 0.89 to 1.04 1.00
History of CHD 0.86 0.65 to 1.19 0.72
ST-segment depression 1.29 0.72 to 2.31 0.39
Troponin T =0.1 ug/l 2.23 1.25 to 3.98 0.007
CRP =10.0 mg/1 2.03 1.11 to 3.59 0.018
PAPP-A =12.6 mIU/1 2.33 1.30 to 4.17 0.005

Bold values indicate significant differences.
CHD = coronary heart disease; CI = confidence interval; other abbreviations as

in Table 1.

icant predictors in a univariable model was an independent
predictor after the dichotomized biochemical markers TnT,
hsCRP, and sCD40L were introduced into the model
(Table 2). Therefore, the stepwise multivariable analysis was
restricted to biochemical markers. Troponin T (p = 0.008)
and PAPP-A (p = 0.007) remained independent significant
predictors of the patients’ outcome, whereas hsCRP lost
significance after PAPP-A was introduced into the model
(p = 0.003 without PAPP-A; p = 0.16 after introduction of
PAPP-A) (Table 3; step I). Pregnancy-associated plasma
protein A remained a significant predictor of the patients’
outcome after the inclusion of the anti-inflammatory cyto-
kine IL.-10 (Table 3; step II) (p = 0.006) and after inclusion
of sSCD40L as a marker of platelet activation (Table 3; step
IIT) (p = 0.015). After the introduction of VEGF as a
marker of myocardial ischemia, Tn'T lost its predictive value
for the six-month outcome (Table 3; step IV) (p = 0.24
after the introduction of VEGF vs. p = 0.16 before the

Table 3. Multimarker Assessment: Stepwise Multivariable
Logistic Regression Model for Death and Nonfatal Myocardial
Infarction During Six Months of Follow-Up

Step Variables in the Model Odds Ratio 95% CI p Value
I CRP =10 mg/1 1.49 0.86 to 2.59  0.16
TnT =0.1 pg/l 2.07 1.21 t0 3.56  0.008
PAPP-A =12.6 mIU/1 2.13 1.24 t0 3.68  0.007
11 CRP =10 mg/1 1.44 0.67 to 2.17  0.50
TnT =0.1 pg/l 2.13 1.24 t0 3.69  0.006
PAPP-A =12.6 mIU/1 2.18 1.25 t0 3.78  0.006
IL-10 =3.5 ng/l 0.47 0.26 t0 0.82  0.008
111 CRP =10 mg/1 1.23 0.68 to 2.19  0.49
TnT =0.1 pg/l 1.93 112 t0 3.35  0.019
PAPP-A =12.6 mIU/I 2.05 1.18 to 3.32  0.015
IL-10 =3.5 ng/1 0.42 0.24 t0 0.74  0.002
sCD40L =5 pg/l 2.45 1.39 to 432 0.002
v TnaT =0.1 pg/l 1.43 0.79 to 2.60  0.24
PAPP-A =12.6 mIU/ 2.01 1.14 t0 3.49  0.014
IL-10 =3.5 ng/l 0.43 0.25t0 0.76  0.003
sCD40L =5 ug/l 2.37 1.34 to 418  0.003
VEGF >300 ng/1 2.19 1.14t0 418  0.018

Bold values indicate significant differences.
TnT = troponin T; other abbreviations as in Tables 1 and 2.
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introduction of VEGF), whereas PAPP-A remained a
significant independent predictor (p = 0.014).
Prospective validation in emergency room patients with
acute chest pain. To investigate whether the predictive
value of PAPP-A can be used for risk stratification of a
more heterogeneous population of patients with acute chest
pain presenting to the emergency room, we prospectively
enrolled a total of 644 patients suspicious for having an
ACS. When the first blood sample was drawn, none of the
chest pain patients had received anticoagulant treatment,
which may have affected the inflammatory-thrombotic cas-
cade. Despite similar clinical presentation at the time of
arrival, patients were finally classified as follows: 323 pa-
tients with ACS, 105 patients with stable angina, 19
patients with congestive heart failure, and 197 patients with
no evidence of coronary heart disease.

Pregnancy-associated plasma protein A levels were sig-
nificantly higher in patients with ACS (mean 20.9 mIU/J;
median 4.9 mIU/1 [range 0.1 to 362.5 mIU/1]) as compared
with patients with stable angina (mean 8.7 mIU/l; median
1.9 mIU/ [range 0.1 to 113.9 mIU/1]; p = 0.007) and
patients without evidence for coronary heart disease (mean
5.2 mlU/l; median 1.4 mIU/1 [range 0.1 to 54.1 mIU/1];
p < 0.001 vs. patients with ACS; p = 0.044 vs. patients
with stable angina), respectively. Mean PAPP-A levels in
patients with non—ST-segment elevation myocardial infarc-
tion did not significantly differ from mean PAPP-A levels in
patients with unstable angina (non—ST-segment elevation
myocardial infarction: mean 27.4 mIU/l; median 4.0 mIU/1
[range 0.1 to 362.5 mIU/l]; unstable angina: mean 18.1
mlU/l; median 5.3 mlU/l [range 0.1 to 221.1 mIU/];
p = 0.50).

A total of 65 events (including 18 fatal events) were
recorded during 30 days of follow-up. Using the prespeci-
fied threshold value for PAPP-A of 12.6 mIU/l, patients
with high PAPP-A levels were at significantly increased risk
as compared with patients with low PAPP-A levels (event
rate 16.9% vs. 7.9%; univariate analysis: odds ratio, 2.38
[95% CI 1.40 to 4.05]; p = 0.001; multivariable analysis:
adjusted odds ratio, 2.32 [95% CI 1.32 to 4.26]; p = 0.008).
However, maximized predictive value as derived from ROC
curve analysis was obtained at a threshold levels as low as 7.0
mlU/1 (event rate 18.4% vs. 6.6%; univariate analysis: odds
ratio, 3.19 [95% CI 1.90 to 5.37]; p < 0.001; multivariable
analysis: adjusted odds ratio, 3.08 [95% CI 1.85 to 5.02;
p < 0.001). Pregnancy-associated plasma protein A was a
powerful predictor both in patients with low TnT levels and
in patients with high TnT levels (Fig. 7a). Using a multi-
marker approach, TnT (odds ratio 9.24 [95% CI 5.13 to
16.64]; p < 0.001), sCD40L (odds ratio 2.93 [95% CI 1.65
to 5.22]; p < 0.001), and PAPP-A (odds ratio 3.11 [95%
CI 1.74 to 5.56]; p < 0.001) emerged as independent
powerful predictors of cardiovascular events during 30 days
of follow-up. Patients who were negative for all three

markers (TnT, sCD40L, and PAPP-A) were at very low
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Figure 7. Predictive value of pregnancy-associated plasma protein A
(PAPP-A) in patients with acute chest pain for the incidence of death and
nonfatal myocardial infarction (MI) during 30 days of follow-up (a). In
patients that were negative both for troponin T (TnT) and soluble CD40
ligand (sCD40L), PAPP identified a subgroup suffering from increased
cardiovascular risk during 30 days of follow-up (b). Diagnostic thresholds
were 12.6 mIU/1 for PAPP-A, 0.1 pg/l for TnT, and 5.0 ug/1 for sCD40L
(n = 644). Solid lines = TnT high; dotted lines = TnT low; open bars
= PAPP-A low; solid bars = PAPP-A high.

cardiac risk (30 days of follow-up: no death; 3.0% rate for
nonfatal myocardial infarction) (Fig. 7b).

DISCUSSION

The results of the present study demonstrate that elevated
blood levels of the metalloproteinase PAPP-A are associated
with adverse outcome in patients with ACS. In line with a very
recent study (13), the predictive value of PAPP-A plasma
levels was also prominent in patients without troponin eleva-
tion. Thus, an increased PAPP-A plasma level is not only a
marker of plaque instability favoring the development of ACS,
but—more importantly—is indicative of a poor prognosis
before the occurrence of an acute ischemic event caused by
plaque instability. The finding that the predictive value of
PAPP-A was restricted to patients with low levels of the
anti-inflammatory cytokine IL-10 further supports the concept
that the balance between pro- and anti-inflammatory cytokines
is a major determinant of patients’ outcome in ACS (15). By
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multivariable regression analysis, several biochemical markers
including TnT, sCD40L, IL-10, and PAPP-A were identified
as independent predictors of the patients’ outcome during the
subsequent six months of follow-up.

Cardiac troponins are sensitive and specific markers of
myocardial necrosis secondary to thrombotic complications
during an ACS and are highly predictive of the early clinical
course after the onset of ACS. However, risk stratification
in troponin-negative patients with ACS remains challeng-
ing. About two-thirds of the patients with ACS but no
ST-segment elevations have normal troponin values, and
more than half of the patients have inconclusive electrocar-
diographic findings (21). During the first weeks after the
onset of an ACS, the risk of death or nonfatal myocardial
infarction in troponin-negative patients is about 5% to 8%
(5,18). The present study demonstrates that PAPP-A levels
identify a subgroup of patients without troponin elevation
who are at substantially higher risk for cardiac events during
the early time course after onset of symptoms (30 days: OR
3.33; 6 months: OR 2.72).

The progression and subsequent destabilization of ath-
erosclerotic plaques involves major change in the structure
of the arterial wall. The occurrence of a local inflammatory
state in patients with ACS is well-established, as revealed by
inflammatory markers such as C-reactive protein (22-24).
Metalloproteinases are also potential indicators of arterial
inflammation, and, by degrading extracellular matrix, may
contribute to the fragility of the lipid-rich, atherosclerotic
plaque and eventually to its rupture. As previously described
for several other metalloproteinases (MMP-1, -3, -12, or
-13) (25,26), PAPP-A was only recently found to be
abundantly expressed in eroded and ruptured plaques,
whereas PAPP-A expression was undetectable in stable
plaques (11). Other studies have also demonstrated that
patients with hyperechoic or isoechoic carotid plaques
exhibit significantly higher PAPP-A levels than those with
hypoechoic early carotid lesions (27). The exact role of
PAPP-A in the pathophysiology of ACS remains unclear;
PAPP-A has been shown to be a specific activator of
insulin-like growth factor-I (9), a potent mediator of ath-
erosclerosis (28,29). As a matrix metalloproteinase,
PAPP-A may be involved in processing the plaques’ extra-
cellular matrix and, consequently, weakening the fibrous
cap. This may result in a plaque morphology that is more
susceptible to erosion, rupture, and subsequent thrombosis.
The present study demonstrates that a single PAPP-A
measurement provides significant predictive value for the
incidence of death and nonfatal myocardial infarction in a
high-risk population of patients with ACS as well as in a
heterogeneous group of patients presenting with acute chest
pain. These data suggest that PAPP-A plays an important
pathophysiologic role in destabilization of the atheroscle-
rotic plaque during ACS.

The production of PAPP-A by activated cells within the
atherosclerotic lesion and its release into the extracellular
matrix appear to be strongly linked to the local inflamma-
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tory process occurring within the arterial wall, as indicated
by the significant positive correlation observed between
CRP and PAPP-A levels. Consistent with our previous data
on the important role of the inflammatory balance for the
prognosis of patients with coronary heart disease (15,30),
the predictive value of PAPP-A was almost entirely re-
stricted to patients with low levels of the anti-inflammatory
cytokine IL-10 (Fig. 6b). However, whereas CRP levels are
linked to troponin elevation (14), PAPP-A levels appear to
be less sensitive to minor myocardial injury, which might be
specifically important in patients with ACS, of whom
approximately one-third are positive for troponin at the
time of arrival in the hospital (31). In addition, PAPP-A
levels neither interfered with nor compromise the predictive
power of sCD40L, a marker of platelet activation. By
multivariable analysis, PAPP-A, sCD40L, and TnT all
emerged as independent predictors of adverse outcome
(Table 2). Combining PAPP-A and sCD40L was especially
revealing in patients negative for TnT, suggesting that both
markers reflect distinct pathways, which eventually contrib-
ute to a proinflammatory and procoagulant milieu in the
coronary circulation. Supportive of a complementary rather
than a competing role to predict adverse outcome in patients
with ACS are our findings that aggressive inhibition of
platelet aggregation by abciximab was specifically useful in
patients with elevated sCD40L levels (6).

Only recently we have identified placental growth factor
plasma levels as a powerful clinical biomarker of vascular
inflammation and adverse outcome in patients with ACS
(32). Even though both placental growth factor and
PAPP-A are assumed to represent markers of vascular
inflammation, they are involved in distinct pathophysiologic
processes within atherosclerotic plaques. Therefore, it is not
surprising that they negatively influence the predictive value
of each other (data now shown). Whereas placental growth
factor was the stronger predictor in the CAPTURE cohort,
PAPP-A was the more powerful and independent predictor
in the chest pain cohort. Because we utilized an advanced
high-sensitivity prototype assay for measurement of
PAPP-A that is suitable for routine use on an automatic
electrochemiluminescent immunoassay system, whereas
placental growth factor levels were determined with a
research ELISA system developed for quantification of
considerably higher levels of placental growth factor during
pregnancy (33,34), it is not appropriate to directly compare
the PAPP-A results with the placental growth factor results,
and future studies using an advanced placental growth factor
ELISA system are required.

Potential limitations of the present study merit consider-
ation. First, because our blood samples were stored at —80°C
until analysis, we cannot exclude the possibility of protein
degradation. According to our experience, however, the delay
from sampling to biochemical analysis in the core lab had no
critical impact on the study results, and the plasma samples of
our study were only thawed once for the present analysis.
However, even if unaccounted for sources of protein instability
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were present, their effects would minimally impact the validity
of the present results, because all samples were handled
identically. Secondly, because of the retrospective nature of the
present analysis of the CAPTURE study and the selection of
high-risk patients with documented coronary heart disease,
results from the CAPTURE trial may not be generalizable to
more heterogeneous populations of patients with chest pain
presenting in the emergency room. We, therefore, prospec-
tively tested the prognostic value of PAPP-A in conjunction
with other markers (TnT and soluble CD40L) in a “real-
world” cohort of patients presenting with acute chest pain to
the emergency room. While we were able to confirm our
results for the predictive value of PAPP-A in this validation set
of patients, additional studies are needed to understand how
various markers including placental growth factor may com-
pliment each other in risk stratification.

In summary, the results of the present study demonstrate
that elevated levels of PAPP-A are associated with increased
cardiac risk. The predictive value of PAPP-A plasma levels
was independent of elevated troponin levels, which reflect
the acute risk secondary to thrombotic complications lead-
ing to myocardial injury during an ACS. Thus, an increased
PAPP-A level is not only a marker of plaque instability
favoring the progression to myocardial infarction, but is
indicative of a poor prognosis even after the occurrence of an
acute ischemic event caused by plaque instability. Because
PAPP-A levels are relatively stable and no specific sampling
conditions are required for PAPP-A, this marker may
indeed be suitable for routine clinical use, but further studies
are mandatory to truly identify the most reliable and
powerful marker of plaque instability. Although limitations
inherent to markers that are not specific to the coronary
arteries and/or myocardium remain, PAPP-A may repre-
sent an important tool for diagnostic and therapeutic
stratification of patients with ACS without evidence for
myocardial necrosis.
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