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linked immunosorbent assay, and patients were divided into 3 groups

based on PAPP-A level tertiles. Although the highest PAPP-A level

tertile was not associated with 3-vessel plaque number, it was associated
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Autopsy studies s
after rupture of a thin-

Editor: Jacek Bil.
Received: October 8, 2015; revised: December 18, 2015; accepted:
December 22, 2015.
From the Department of Cardiology, Beijing Anzhen Hospital, Capital
Medical University (X-FW, HG, Y-CZ, C-JG); Beijing Institute of Heart,
Lung and Blood Vessel Disease (MY, L-YW); Department of Physiology
and Pathophysiology, Capital Medical University, Beijing, China (A-JQ);
Cardiovascular Research Foundation, New York, NY (GSM); Department
of Ultrasound, Beijing Anzhen Hospital, Capital Medical University,
Beijing (YY); Department of Cardiology, The First Affiliated Hospital,
College of Medicine, Zhejiang University, Zhejiang (Y-PS); and Tongji
Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan, China (LW, JP).
Correspondence: Jun Pu, MD, PhD, Tongji Medical College, Huazhong

University of Science and Technology, Wuhan, 430030, China (e-mail:
jpu310@gmail.com).

This work was supported by grants from the Program of National Natural
Science Foundation of China (81470492, 81000655, 81070176,
81330006, and 81270282), Program for New Century Excellent Talents
in University from Ministry of Education of China (NCET-11–0898 and
NCET-12–0352), Beijing Natural Science Foundation (7122057), Beij-
ing health system health technology talents training plan (2013–3–010),
and Medical Technology Program of Shanghai Committee of Science
and Technology (15411963600), and The Importation and Development
of High Caliber Talents Project of Beijing Municipal Institutions
(CIT&TCD20150325).

The authors have no conflicts of interest to disclose.
Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially,
as long as the author is credited and the new creations are licensed under
the identical terms.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000002563

Medicine � Volume 95, Number 3, January 2016
intz, MD, Ya Y
hang-Jiang Ge
Lu-Ya Wang, MD, Lin Wang, M

Abstract: Pregnancy-associated plasma protein-A (PAPP-A) level is

an independent predictor of acute cardiovascular event occurrence. To

test the hypothesis that increased PAPP-A levels would be associated

with a higher burden of coronary thin-cap fibroatheroma (TCFA)

thereby underlying the heightened risk for cardiovascular events in

patients with coronary artery disease; 154 patients (462 vessels and 975

plaques) with stable angina or non-ST-segment elevation acute coronary

syndrome (NSTE-ACS) referred for percutaneous coronary intervention

were assessed using 3-vessel virtual histology (VH)-intravascular ultra-

sound (IVUS). Thin-cap fibroatheroma virtual histology was defined as

focal, necrotic core (NC)-rich (�10% of cross-sectional area) plaques in

contact with the lumen, and plaque burden �40%. Pregnancy-associ-

ated plasma protein-A levels were determined by sandwich enzyme-
hen Zhang, MD, C , MD,
, PhD, and Jun Pu, MD, PhD

with 3-vessel VH-TCFA number and necrotic core volume. Patients

with�3 VH-TCFAs had a higher PAPP-A level than patients with 1 to 3

VH-TCFAs or without any VH-TCFA (13.3� 11.8 versus 7.8� 4.7

versus 7.4� 4.7 mIU/L, P< 0.001, respectively). Moreover, PAPP-A

level was an independent predictor of higher total number of VH-

TCFAs (OR 1.18; 95% CI 1.07–1.29, P¼ 0.001). This VH-IVUS study

demonstrated, for the first time to our knowledge, that higher PAPP-A

levels are associated with higher 3-vessel TCFA burden in patients with

coronary artery disease. Pregnancy-associated plasma protein-A, there-

fore, might be a useful serum biomarker to predict increased coronary

TCFA burden and plaque instability.

(Medicine 95(3):e2563)

Abbreviat ions : ACS = acute coronary syndrome,

ATHEROREMO-IVUS = European Collaborative Project on

Inflammation and Vascular Wall Remodeling in Atherosclerosis-

Intravascular Ultrasound, CSA = cross-sectional area, cTnI = cardiac

troponin I, EEM = external elastic membrane, HDL = high-density

lipoprotein, hsCRP = high-sensitivity C reactive protein, IQRs =

interquartile ranges, IVUS = intravascular ultrasound, LDL = low-

density lipoprotein, MACE = major adverse cardiac events, MLA =

minimal luminal area, NSTE-ACS = non-ST-segment elevation ACS,

OCT = optical coherence tomography, P&M = plaque and media,

PAPP-A = pregnancy-associated plasma protein-A, PB = plaque

burden, PCI = percutaneous coronary intervention, PIT =

pathological intimal thickening, PROSPECT = Providing Regional

Observations to Study Predictors of Events in the Coronary Tree,

STEMI = ST-segment elevation myocardial infarction, TCFA = thin-

cap fibroatheroma, ThCFA = thick cap fibroatheroma, VH = virtual

histology, VIVA = vulnerable atherosclerosis.

INTRODUCTION

P regnancy-associated plasma protein-A (PAPP-A), a zinc-
binding matrix metalloproteinase that belongs to the met-

zincin superfamily of metalloproteinases, was initially discov-
ered in the plasma of women in advanced stages of gestation1

but can also be produced in many nonplacental sites, including
the cardiovascular system.2 Recently, increased activity of
PAPP-A has been implicated in acute coronary syndrome
(ACS), and circulating PAPP-A has been reported as an inde-
pendent predictor of future adverse cardiovascular events and
therefore a promising biomarker for risk stratification of ACS
uggest that the majority of ACS occurs
cap fibroatheroma (TCFA) containing a
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thin fibrous cap overlying a large necrotic core.5–7 The Pro-
viding Regional Observations to Study Predictors of Events in
the Coronary Tree (PROSPECT) study found that in patients
presenting with ACS the untreated nonculprit lesion most
likely caused subsequent major adverse cardiac events
(MACE); and almost always had at least 1 of 3 high-risk
features: TCFA phenotype by virtual histology (VH)-intravas-
cular ultrasound (IVUS), plaque burden (PB) �70%; and
minimal luminal area (MLA) �4.0 mm.8 Furthermore, the
vulnerable atherosclerosis (VIVA) study and the European
Collaborative Project on Inflammation and Vascular Wall
Remodeling in Atherosclerosis-Intravascular Ultrasound
(ATHEROREMO-IVUS) study demonstrated that VH-TCFA
in both culprit and nonculprit lesions was associated with
overall MACE.9,10

Although PAPP-A is implicated in cardiovascular dis-
eases, and increased PAPP-A immunostaining has been found
within vulnerable plaques in autopsy patients and in animal
models,2–4,11 the association between circulating PAPP-A level
and coronary TCFA burden has not been demonstrated in vivo
in patients. The current 3-vessel VH-IVUS study therefore
tested the hypothesis that patients with elevated PAPP-A levels
would have a higher coronary burden of VH-TCFAs that could
explain their heightened risk for MACE.

METHODS

Patient Population
From January 2009 through December 2013, patients

with either stable angina or non-ST-segment elevation ACS
(NSTE-ACS) who were referred for percutaneous coronary
intervention of a native, de novo coronary lesion were
recruited. Exclusion criteria were ST-segment elevation myo-
cardial infarction (STEMI); previous revascularization;
anatomy unsuitable for 3-vessel VH-IVUS; any active inflam-
matory condition (ie, current infection, vasculitis, or rheu-
matic disease); and having received heparin before blood
sampling for PAPP-A measurement. Data of angiograms,
grayscale IVUS, and VH-IVUS were prospectively entered
into the study database.

This study was performed in accordance with the Declara-
tion of Helsinki. The study protocol was approved by the
Institutional Review Board. Informed consent was obtained
from all patients before the procedure.

Virtual Histology-intravascular Ultrasound
Acquisition and Analysis

Virtual histology intravascular ultrasound was performed
in all main coronary arteries-target vessels before and after
percutaneous coronary intervention and all major epicardial
nontarget vessels. All IVUS data were acquired with the Vol-
cano S5 Imaging System (Volcano Therapeutics, San Diego,
CA). No patient developed angina or had any complication (ie,
distal embolization, no-reflow, or thrombus formation) during
IVUS imaging, which was performed after intracoronary
administration of nitroglycerin (100–200 mg). The IVUS
catheter was advanced into the most distal safe position and
withdrawn to the aorta-ostial junction using an automatic
pullback system with a standard pull back speed 0.5 mm/s.
Grayscale data was captured at 30 frames/s. Backscatter data

Wu et al
were captured at the peak ‘‘R’’ wave using electrocardiographic
triggering to adjust for catheter oscillation during myocardial
contraction.
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Each grayscale IVUS and VH-IVUS frame was co-regis-
tered with the corresponding angiographic roadmap with the use
of side branches for alignment as previously described.11,12

Culprit lesions were identified on the basis of the association
between angiographic lesion appearance and electrocardio-
graphic changes or myocardial ischemia as detected during stress
testing. All analyses were performed offline using Volcano Image
Analysis Software without knowledge of PAPP-A levels and
clinical information. External elastic membrane (EEM) and
lumen borders were contoured for each slice. Quantitative IVUS
measurements included EEM cross-sectional area (CSA), lumen
CSA, plaque and media (P&M¼EEM minus lumen) CSA, and
plaque burden (P&M divided by EEM). Volumes were calculated
using Simpson rule. Plaque volume burden was defined as plaque
volume divided by analysis length.

A lesion on IVUS imaging was defined as at least 3
consecutive frames with a plaque burden of at least 40% and
was classified by means of radiofrequency analysis consistent
with published VH-IVUS classifications13: VH-TCFA; thick
cap fibroatheroma (ThCFA); pathological intimal thickening
(PIT); fibrotic plaque; and fibrocalcific plaque. Fibrotic plaque
had mainly fibrous tissue with <10% confluent necrotic core,
<10% confluent dense calcium, and <15% fibrofatty plaque.
Fibrocalcific plaque had mainly fibrous tissue with >10%
confluent dense calcium, but <10% confluent necrotic core.
Pathological intimal thickening was a mixture of all plaque
components, but dominantly fibrofatty plaque with <10%
confluent necrotic core and <10% confluent dense calcium.
Fibroatheroma (both VH-TCFA and ThCFA) was defined as
>10% confluent necrotic core; because the resolution of VH-
IVUS was 150–250 mm, it was not possible to detect fibrous cap
thickness <65 mm (the typical pathologic definition of a thin
fibrous cap) so that if there was>308 of necrotic core abutting to
the lumen in 3 consecutive slices, the fibroatheroma was
classified as VH-TCFA; otherwise, it was classified as ThCFA.
The kappa coefficient of agreement for plaque classification for
intraobserver variability was 0.90 (interval 3 months) and
interobserver variability was 0.83 indicating excellent reprodu-
cibility. Intravascular ultrasound analysis was performed with-
out knowledge of the findings of patient characteristics and
blood measurement.

Blood Sampling and Pregnancy-associated
Plasma Protein-A Measurement

Blood sampling for PAPP-A measurement was conducted at
the time of hospital admission, before any administration of
heparin and before angiography or coronary intervention to avoid
preanalytical bias.14–16 All patients who had received heparin
before sampling were excluded because heparin administration
has been associated with a rapid and significant increase in PAPP-
A level because of detachment of PAPP-A from vessel walls.17

Blood was drawn and centrifuged immediately, and serum was
then placed into aliquots and stored at�80 8C. Circulating PAPP-
A levels were determined by means of a modified sandwich
enzyme-linked immunosorbent assay technique using the US
DSL-10–27200 PAPP-A ELISA kit (Diagnostic Systems
Laboratories, Inc, TX) with interassay and intraassay coefficients
of variation of <5% and 10%, respectively.18 Technicians
measuring PAPP-A level were blinded to clinical information.
Levels of total, low-density lipoprotein (LDL) and high-density
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lipoprotein (HDL) cholesterol, triglycerides, cardiac troponin I
(cTnI), and high-sensitivity C reactive protein (hsCRP) were
measured using standard methods.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



Data Collection and Follow-up
Patients were followed up via clinical visits or telephone

calls to the referring physician. Major adverse cardiac events
included death, nonfatal myocardial infarction, and recurrent
angina. The time to event was recorded and patients were
studied for 1 year.

Statistical Analysis
Variables were compared between groups using t-test and

analysis of variance or the Mann–Whitney nonparametric test
(displayed as median and interquartile ranges [IQRs]) when the
frequency distribution was skewed and not normally distribu-
ted.19 The Kaplan–Meier method was used for plotting time to
event, and the log rank test was used to compare event-free
survival curves.20 Simple logistic regression analysis was used
to assess univariate associations between patient characteristics,
biochemical measurements, grayscale IVUS parameters, VH-
IVUS parameters, and tertiles of PAPP-A levels. Multiple
logistic regression analysis was used to assess the independent
adjusted relationship between PAPP-A levels and VH-TCFA;
independent variables were those with P< 0.2 on univariate
analysis. P< 0.05 was considered to indicate statistical signifi-
cance. Statistical analysis was performed using SPSS15.0 soft-
ware (SPSS Inc, Chicago, IL).

RESULTS
One hundred and fifty-four patients underwent 3-vessel

VH-IVUS, and 975 plaques were classified. The interval
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between the latest onset of symptoms and first blood collection
was 12.7� 6.4 hours. Median PAPP-A levels were 9.5 (inter-
quartile: [3.7, 12.6]) mIU/L overall, and 2.9 mIU/L, 9.5 mIU/L,

TABLE 1. Baseline Patient Characteristics According to Pregnanc

Low Tertile N¼ 51 Interm

Age, years 57.8� 8.1
Male gender, n (%) 35 (68.6)
ACS presentation, % 18 (35.3)
Hypertension, % 20 (39.2)
Diabetes mellitus, % 20 (39.2)
Current smoker, % 17 (33.3)
Family history, % 9 (17.6)
Biochemistry

Total cholesterol, mmol/L 4.60� 1.03
LDL-cholesterol, mmol/L 2.87� 0.84
HDL-cholesterol, mmol/L 0.99� 0.18
Triglycerides, mmol/L 1.73� 0.96
Creatinine, mmol/L 85.2� 20.0
Total bile acid, mmol/L 2.48� 1.69
cTnI, mg/L 0.02 (0, 0.03)
hsCRP, mg/L 1.92 (1.00, 2.75)
Medications

Aspirin, n (%) 49 (96.1)
Clopidogrel, n (%) 47 (92.2)
Beta-blockers, n (%) 39 (76.5)
ACE inhibitors/ ARB, n (%) 26 (51.0)
Statins, n (%) 34 (66.7)

ACS¼ acute coronary syndrome, cTnI¼ cardiac troponin I, HDL¼ h
LDL¼ low-density lipoprotein, PAPP-A¼ pregnancy-associated plasma pr
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and 13.7 mIU/L in the low, intermediate, and high tertile groups,
respectively. There was no significant difference in the interval
between the latest onset of symptoms and blood collection
among tertile groups: 13.4� 8.7 versus 12.6� 4.7 versus
12.2� 5.0 hours, respectively, P¼ 0.603.

Patient Characteristics
Baseline characteristics of patients are presented in

Table 1. Distributions of established risk factors and medi-
cations at study entry were similar. Patient age was 58.1� 8.5
years, 70.8% were men, 42.9% had type 2 diabetes mellitus, and
42.2% presented with ACS. cardiac troponin I (P< 0.001) and
hsCRP (P¼ 0.027) levels were higher in the high PAPP-A level
tertile group.

Grayscale and Virtual Histology-intravascular
Ultrasound Analysis

As shown in Table 2, there was a gradient in EEM CSA,
P&M CSA, plaque burden, and remodeling index from low to
high PAPP-A level tertiles at the MLA site; this was also true for
plaque volume burden in the culprit vessel and 3 vessels, but not
for the 3-vessel plaque number or total plaque volume.

As shown in Table 3, there was a gradient in the VH-TCFA
number and necrotic core amount at the MLA site, within the
culprit vessel, and within all 3 vessels from the low to high
PAPP-A level tertile.

All patients were then divided into 3 groups according to
the tertiles of necrotic core area at the MLA site, culprit vessel

PAPP-A and IVUS-Detected Vulnerable Plaque
necrotic core volume, and 3-vessel necrotic core volume.
Pregnancy-associated Plasma Protein-A levels were highest
in the group with largest necrotic core tertiles versus the other

y-Associated Plasma Protein-A Level Tertiles

ediate Tertile N¼ 52 High Tertile N¼ 51 P value

57.7� 8.7 58.7� 8.7 0.815
37 (71.2) 37 (72.5) 0.907
22 (42.3) 25 (49.0) 0.373
18 (34.6) 23 (45.1) 0.552
22 (42.3) 24 (47.1) 0.722
18 (34.6) 16 (31.4) 0.940
12 (23.1) 11 (20.8) 0.783

4.78� 1.13 4.95� 0.95 0.244
2.85� 0.83 2.96� 0.77 0.775
1.03� 0.20 1.00� 0.16 0.647
1.71� 0.74 1.71� 0.98 0.992
85.3� 18.5 88.3� 18.9 0.649
2.62� 1.43 4.83� 1.97 0.046

0.02 (0, 0.03) 0.04 (0.02, 0.05) <0.001
2.08 (1.31, 3.00) 2.70 (1.70, 3.90) 0.027

49 (94.2) 48 (94.1) 0.882
50 (96.2) 47 (92.2) 0.636
40 (76.9) 41 (80.4) 0.872
31 (59.6) 30 (58.8) 0.622
37 (71.2) 37 (72.5) 0.794

igh-density lipoprotein, hsCRP¼ high-sensitivity C reactive protein,
otein-A.
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TABLE 2. Grayscale Intravascular Ultrasound Characteristics According to Pregnancy-associated Plasma Protein-A Level Tertiles

Low Tertile N¼ 51 Intermediate Tertile N¼ 52 High Tertile N¼ 51 P value

MLA site at culprit lesion

EEM area, mm2 12.3 (11.1, 14.9) 15.0 (12.1, 16.9) 16.3 (12.3, 17.8) 0.001
MLA, mm2 2.8 (2.3, 3.6) 2.9 (2.3, 3.7) 2.7 (2.3, 3.8) 0.974
Plaque & media area, mm2 9.4 (7.8, 12.0) 11.8 (9.0, 14.0) 12.9 (9.0, 14.6) 0.001
Plaque burden, % 77.0 (70.5, 81.5) 79.7 (74.9, 83.3) 80.4 (76.1, 84.0) 0.030
Remodeling index 0.95 (0.85, 0.99) 0.99 (0.87, 1.16) 1.03 (0.98, 1.11) 0.001
Eccentric plaque, n (%) 12 (23.5) 18 (34.6) 36 (70.6) 0.001
Attenuated plaque, n (%) 8 (15.7) 13 (25.0) 31 (60.8) 0.001

Culprit vessel

Plaque volume, mm3 389.5� 148.1 468.2� 130.5 503.0� 188.7 0.001
Plaque volume burden, mm3/mm 5.1� 2.1 5.9� 1.9 6.7� 2.9 0.003

3-vessel

Total # of plaques, n 6.0� 1.8 6.4� 1.7 6.6� 2.0 0.297
Total plaque volume, mm3 1058.3� 407.9 1193.3� 333.1 1221.0� 445.9 0.090
Plaque volume burden, mm3/mm 4.8� 1.9 5.6� 1.6 5.8� 2.0 0.018

EEM¼ external elastic membrane, IVUS¼ intravascular ultrasound, MLA¼minimal luminal area, PAPP-A¼ pregnancy-associated plasma
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two groups in all comparisons: MLA site, culprit vessel, and 3-
vessel analysis (Figure 1).

Thirty-eight patients (24.7%) had a VH-TCFA at the MLA
site. Pregnancy-associated plasma protein-A levels were higher
in patients with than without a VH-TCFA at the MLA site
([15.3� 13.2] mIU/L versus [7.7� 4.6] mIU/L, P< 0.001,
respectively). In addition, the number of VH-TCFAs in the
culprit vessel or among all 3 vessels strongly correlated with
PAPP-A levels; the more VH-TCFAs, the higher the PAPP-A
levels (Figure 2).

Table 4 summarizes the results of multivariate analysis for
each of the clinical variables and IVUS, VH-IVUS measure-
ments that could be independent predictors of higher total
number of VH-TCFAs (n� 3) in 3 vessels. After adjustment

protein-A.
for all variables that were associated with higher total number of
VH-TCFAs on univariate analysis (P< 0.2), PAPP-A level,
total number of plaques in 3 vessels, and NC area at MLA had

TABLE 3. Virtual Histology -intravascular Ultrasound Characterist
Tertiles

Low Tertile n¼ 51 Interm

MLA at culprit lesion

NC area, mm2 1.5� 0.9
VH-TCFA, n (%) 6 (11.8)

Culprit Vessel

NC volume, mm3 44.8� 23.9
# of VH-TCFA, n 0.6� 0.5y

3-vessel

NC volume, mm3 110.8� 57.4
Total # of VH-TCFA, n 1.7� 1.8
Total #of fibroatheromas, n 3.3� 1.8

MLA¼minimal luminal area, NC¼ necrotic core, PAPP-A¼ pregnanc
IVUS¼ virtual histology -intravascular ultrasound.
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an independent significant association with higher total number
of VH-TCFAs.

Clinical Outcome
Four patients (2.6%) were lost to follow-up (2 each for

PAPP-A quartiles 1 and 2). Kaplan–Meier curves of event-free
survival for MACE according to PAPP-A tertiles are shown in
Figure 3. The log rank test showed a significant difference in the
cumulative event-free survival among PAPP-A tertiles
(P¼ 0.015).

DISCUSSION
The main findings of the current 3-vessel VH-IVUS study
are that elevated serum PAPP-A level was significantly associ-
ated with: 3-vessel VH-TCFA number, culprit vessel VH-TCFA
number, and MLA site VH-TCFA number; 3-vessel necrotic

ics According to Pregnancy-associated Plasma Protein-A Level

ediate Tertile n¼ 52 High Tertile n¼ 51 P value

1.9� 1.0 2.1� 1.1 0.015
11 (21.2) 21 (41.2) 0.002

55.5� 28.5 64.4� 32.4 0.003
0.7� 0.5 1.0� 0.7 0.005

127.4� 65.4 144.3� 72.5 0.038
2.1� 2.0

�
3.0� 2.3 <0.001

3.8� 1.8 4.4� 2.1 0.027

y-associated plasma protein-A, TCFA¼ thin-cap fibroatheroma, VH-
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FIGURE 1. PAPP-A level for each tertile of necrotic core amount.
Pregnancy-associated plasma protein-A level was significantly
higher in the highest tertile than in other groups. MLA¼minimum
minimum lumen area, NC¼necrotic core, PAPP-A¼pregnancy-
associated plasma protein-A.

FIGURE 2. Pregnancy-associated plasma protein-A level for each
number of TCFAs. The number of TCFAs at MLA, culprit vessel or 3-
vessel strongly correlated with PAPP-A level; the more TCFAs, the
higher the PAPP-A level. MLA¼minimum lumen area, NC¼ne-
necrotic core, PAPP-A¼pregnancy-associated plasma protein-A,
TCFA¼ thin-cap fibroatheroma.

TABLE 4. Multivariate Analysis

Variable Univariate OR (95% CI)

PAPP-A (per mIU/L) 1.21 (1.11, 1.31)
Total # of plaques 2.03 (1.58, 2.61)
NC area at MLA (per mm2) 1.84 (1.31, 2.60)
Plaque burden (per %) 1.02 (1.00, 1.04)
Age (per year) 1.02 (0.95, 1.10)
Male gender 1.29 (0.86, 1.95)
Hypertension 1.40 (0.92, 2.15)
Diabetes mellitus 1.05 (1.01, 1.09)
cTnI (per mg/L) 1.45 (1.09, 1.96)
hsCRP (per mg/L) 1.03 (0.91, 1.17)

cTnI¼ cardiac troponin I, hsCRP¼ high-sensitivity C reactive protein, M
associated plasma protein-A.

Medicine � Volume 95, Number 3, January 2016
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core volume, culprit vessel necrotic core volume, and MLA site
necrotic core area; and 3-vessel plaque volume burden, but not
with 3-vessel plaque number and total plaque volume in
coronary arteries.

Pregnancy-associated plasma protein-A is a novel zinc
metalloproteinase expressed in many circumstances beyond
pregnancy, and has recently been implicated in cardiovascular
diseases.2–4 Patients with ACS have elevated circulating PAPP-
A levels,2 which allows risk stratification and risk prediction of
future adverse cardiovascular events in ACS patients.2–4,21,22

The mechanisms underlying the association between PAPP-A
and cardiovascular events are currently not fully understood.
Studies on autopsy patients and mouse models have reported
increased PAPP-A immunostaining in monocyte-macrophage
cells and in the extracellular matrix in vulnerable atherosclero-
tic plaques.2,11 In animal studies, transgenic mice over expres-
sing PAPP-A in arterial smooth muscle exhibited enhanced
lesion development and increased vulnerable plaque pheno-
type,23 whereas deletion of the PAPP-A gene in mice resulted in
resistance to the development of neointimal hyperplasia as an
acute injury response.24 In in vitro studies, PAPP-A has been
demonstrated to be a specific activator of insulin-like growth
factor-I (IGF-I), which stimulates migration and proliferation of
smooth muscle cells, production and accumulation of foam
cells, and degradation of extracellular matrix.25–27 Our previous
grayscale-IVUS study demonstrated that higher circulating
PAPP-A levels were associated with echo-attenuated plaques,28

a grayscale IVUS marker of plaque instability.6,29 Grayscale
IVUS, however, is limited to tissue characterization, especially
for necrotic core-rich plaques. Virtual histology-intravascular
ultrasound has been developed to improve on the plaque
characterization ability of grayscale-IVUS, and VH-TCFAs
have been associated with MACE in many recent studies.7–9

The current 3-vessel VH-IVUS study reinforces previous stu-
dies linking necrotic core parameters to high-risk features in
ACS by showing that elevated PAPP-A level was associated
with 3-vessel TCFA number and necrotic core volume, culprit
vessel TCFA number and necrotic core volume, and MLA site
TCFA and necrotic core area in patients with coronary
artery disease.

PAPP-A and IVUS-Detected Vulnerable Plaque
Early detection of vulnerable plaque subtype is crucial for
the prevention of acute cardiovascular events.30 The current
study suggests the potential for PAPP-A as serum indicator for

P Value Multivariate OR (95% CI) P Value

<0.001 1.18 (1.07, 1.29) 0.001
0.001 2.25 (1.65, 3.07) <0.001

<0.001 1.89 (1.16, 3.08) 0.01
0.022
0.124
0.465
0.206
0.032
0.012
0.231

LA¼minimal luminal area, NC¼ necrotic core, PAPP-A¼ pregnancy-
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FIGURE 3. Kaplan–Meier curves of event-free survival for major
adverse cardiac events according to pregnancy-associated plasma
protein-A tertiles. The log rank test showed a significant difference

Wu et al
increased coronary TCFA burden and plaque instability in
patients with coronary artery disease. Thus, identification of
patients with elevated serum PAPP-A levels may allow target-
ing for aggressive systemic and possibly local therapies.

Of note, although VH-IVUS has a predictive accuracy of
�93% for tissue characterization31 and a diagnostic accuracy of
�76% for TCFA in ex vivo studies,32,33 its limited resolution
(100–150 mm) precludes visualization of thin-fibrous cap.
Optical coherence tomography (OCT) provides better resol-
ution (10–20 mm) than IVUS, thereby allowing visualization of
thin-fibrous cap and TCFA detection with better diagnostic
accuracy (�79%);32 however, because of its limited depth of
penetration (<2 mm), it cannot detect the entire plaque structure
and large/deep lipid cores. It has been reported that combined
use of VH-IVUS and OCT might result in more precise
detection of TCFA.32,34 Further studies with OCT or combined
VH-IVUS/OCT are warranted to validate the results of the
current study.

Several important limitations of our study should be taken
into account to properly interpret its findings. First, although
data in the current study were prospectively collected and
blindly analyzed, the sample size (975 plaques in 462 vessels)
was relatively small; however, overall, intracoronary imaging
studies are more sensitive than population-based studies. Sec-
ond, VH-IVUS has some technical limitations including the
inferential identification of a TCFA because a thin-fibrous cap
is below the resolution of IVUS; however, VH-TCFA was a
predictor of events in PROSPECT, VIVA, and ATHEROR-
EMO-IVUS studies.

CONCLUSIONS
Elevated PAPP-A levels were associated with increased

coronary TCFA and necrotic core burden in patients with
coronary artery disease. Pregnancy-associated plasma
protein-A, therefore, might serve as a biomarker for predicting
increased coronary TCFA burden and plaque instability.
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