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Abstract
Background: Vascular	cell	adhesion	molecule-	1	(VCAM-	1)	and	intercellular	adhesion	
molecule-	1	 (ICAM-	1)	modulate	 atherosclerosis	 by	 promoting	 leukocyte	 infiltration,	
neutrophil recruitment, endothelial cell proliferation, etc., which may directly or in-
directly	facilitate	the	occurrence	of	major	adverse	cardiac	events	(MACE).	This	study	
intended	to	investigate	the	value	of	VCAM-	1	and	ICAM-	1	for	predicting	MACE	in	ST-	
segment	elevation	myocardial	infarction	(STEMI)	patients.
Methods: Totally,	373	STEMI	patients	receiving	the	percutaneous	coronary	interven-
tion	and	50	health	controls	(HCs)	were	included.	Serum	VCAM-	1	and	ICAM-	1	were	
detected	by	ELISA.	Meanwhile,	MACE	was	recorded	during	a	median	follow-	up	of	18	
(range:	1–	46)	months	in	STEMI	patients.
Results: Vascular	cell	adhesion	molecule-	1	and	ICAM-	1	were	raised	in	STEMI	patients	
compared	with	HCs	 (both	p < 0.001).	VCAM-	1	 (p =	0.002)	and	 ICAM-	1	 (p =	0.012)	
high	were	 linked	with	 raised	 accumulating	MACE	 rate	 in	 STEMI	 patients.	Notably,	
VCAM-	1	 high	 (hazard	 ratio	 [HR]	= 2.339, p =	 0.031),	 age ≥ 65 years	 (HR	= 2.019, 
p =	 0.039),	 history	 of	 diabetes	mellitus	 (DM)	 (HR	= 2.395, p =	 0.011),	 C-	reactive	
protein	 (CRP) ≥ 5	mg/L	 (HR	= 2.550, p =	 0.012),	multivessel	 disease	 (HR	= 2.561, 
p =	 0.007)	 independently	 predicted	MACE	 risk	 in	 STEMI	 patients.	 Furthermore,	 a	
nomogram-	based	prediction	model	combining	these	factors	was	established,	exhibit-
ing	an	acceptable	value	for	estimating	1,	2,	and	3-	year	MACE	risk,	with	AUC	of	0.764,	
0.716,	and	0.778,	respectively,	in	STEMI	patients.
Conclusion: This	study	confirms	the	value	of	VCAM-	1	and	ICAM-	1	measurement	in	
predicting	MACE	 risk	 in	 STEMI	patients.	Moreover,	VCAM-	1	plus	other	 traditional	
prognostic	factors	 (such	as	age,	history	of	DM,	CRP,	and	multivessel	disease)	cloud	
further	improve	the	predictive	accuracy	of	MACE	risk	in	STEMI	patients.
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1  |  INTRODUC TION

ST-	segment	elevation	myocardial	infarction	(STEMI)	is	the	most	se-
vere	form	of	acute	coronary	syndrome	(ACS)	with	impressive	mor-
bidity and mortality worldwide; meanwhile, it is generally accepted 
that	STEMI	 is	partly	 attributed	 to	 atherosclerotic	plaque	 induced-	
occlusive thrombosis.1–	3	 At	 present,	 the	 treatments	 for	 STEMI	
patients include thrombolytic therapy, percutaneous coronary inter-
vention	(PCI),	coronary	artery	bypass	grafting	(CABG),	etc.;	among	
which PCI is favored if available within a reasonable timeframe.2,4,5 
However, due to the postoperative incidence of major adverse car-
diac	events	(MACE),	including	all-	cause	mortality,	recurrent	MI,	and	
repeat	revascularization,	the	long-	term	prognosis	of	STEMI	patients	
remains unsatisfying.6–	9 Conclusively, it is fundamental to discover 
new	biomarkers	that	may	predict	MACE	risk,	then	further	improve	
the stratified management to achieve better clinical outcomes for 
STEMI	patients.

Vascular	 cell	 adhesion	molecule-	1	 (VCAM-	1)	 and	 intercellular	
adhesion	 molecule-	1	 (ICAM-	1)	 participate	 in	 the	 pathology	 and	
progression of cardiac diseases.10,11	As	stated	by	a	previous	study,	
VCAM-	1	 inhibition	 suppresses	 inflammation	 and	 myocardial	 cell	
apoptosis, hence ameliorating cardiac functions in myocardial in-
farction rats.10	Concerning	 ICAM-	1,	 it	promotes	proinflammatory	
leukocyte infiltration and fibrosis, as well as aggravates cardiac 
dysfunction, thus inhibiting the cardiac remodeling in the pressure 
overload-	induced	 heart	 failure	 mouse.11	 Clinically,	 a	 quite	 small	
number	of	studies	seek	the	relations	of	VCAM-	1	and	ICAM-	1	with	
adverse	 cardiovascular	 events	 in	 STEMI	 patients.12,13	 A	 previous	
study	 claims	 that	 VCAM-	1	 and	 ICAM-	1	 are	 linked	 to	 post-	acute	
myocardial	 infarction	 heart	 failure	 in	 STEMI	 patients.13 Contrary 
to	 the	 above	 evidence,	 another	 study	 argues	 that	 VCAM-	1	 and	
ICAM-	1	could	not	predict	cardiovascular	causes-	induced	mortality	
in	STEMI	patients.12	Notably,	the	sample	sizes	of	these	two	studies	
are	relatively	insufficient,	and	the	linkage	of	VCAM-	1	and	ICAM-	1	
with	MACE-	related	prognosis	 is	conflicting	 in	STEMI	patients.	As	
a	result,	it	is	necessary	to	include	more	STEMI	patients	to	further	
confirm	the	values	of	VCAM-	1	and	ICAM-	1	for	forecasting	MACE	
risk, which might be helpful for enhancing the stratified manage-
ment	of	STEMI	patients.

Accordingly,	the	current	study	detected	serum	levels	of	VCAM-	1	
and	 ICAM-	1	 in	 373	 STEMI	 patients,	 intending	 to	 investigate	 their	
performance	 on	 predicting	 accumulating	 MACE	 risk	 in	 STEMI	
patients.

2  |  METHODS

2.1  |  Participants

A	 total	 of	 373	 STEMI	 patients	 who	 underwent	 PCI	 between	
October 2017 and December 2019 were consecutively recruited. 
The	 patients'	 inclusion	 criteria	 were	 as	 follows:	 (1)	 diagnosed	
with	 STEMI14;	 (2)	 received	 PCI	 for	 the	 first	 time;	 (3)	 age	 more	

than	 18 years	 old.	 The	 patients'	 exclusion	 criteria	 were	 as	 fol-
lows:	 (1)	 history	 of	 previous	 cardiothoracic	 surgery;	 (2)	 compli-
cated	with	systemic	inflammatory	disorders;	(3)	accompanied	with	
systemic	 immune	disorders;	 (4)	 had	 solid	 tumors	or	 hematologic	
malignancies.

In addition, 50 healthy subjects were enrolled as health controls 
(HCs).	The	age	of	HCs	was	limited	to	45–	75 years	old,	and	the	male	
to female ratio of HCs was 4 to 1, in order to make age and gender 
matched	to	STEMI	patients.	The	HCs'	exclusion	criteria	were	as	fol-
lows:	(1)	history	of	previous	cardiothoracic	surgery;	(2)	systemic	in-
flammatory, immune, or malignant disease. The Institutional Review 
Board	of	Cangzhou	Central	Hospital	of	Tianjin	Medical	University	
approved this study, and all participants' written informed consents 
were obtained.

2.2  |  Clinical data and sample collection

The	STEMI	patients'	demographics	and	medical	histories,	laboratory	
findings, disease features, and treatment information were obtained 
through	 Electronic	 Health	 Record	 System.	 Peripheral	 blood	 (PB)	
samples	of	373	STEMI	patients	were	collected	prior	to	surgery.	PB	
samples of 50 HCs were gathered after enrollment.

2.3  |  Enzyme- linked immunosorbent assay (ELISA)

After	 blood	 collection,	 the	 serum	 of	 STEMI	 patients	 and	 HCs	
was	 separated	 for	 ELISA.	 Then	 the	 levels	 of	 VCAM-	1	 (ab223591)	
and	 ICAM-	1	 (ab229383)	 were	 assayed	 by	 commercial	 ELISA	 Kits	
(Abcam).	The	procedures	of	determination	referred	to	the	manufac-
turer's protocols strictly.

2.4  |  Follow- up and outcomes

All	 STEMI	 patients	 were	 closely	 followed	 up	 until	 September	
2021.	The	 range	of	 follow-	up	was	1–	46 months,	 and	 the	median	
of	 follow-	up	was	18 months.	The	MACE	over	 the	 follow-	up	were	
evaluated by the attending physician, then the accumulating 
MACE	rate	was	computed.	The	MACE	was	considered	as	a	com-
posite	of	all-	cause	death,	any	myocardial	infarction,	and	any	repeat	
revascularization.15

2.5  |  Statistical analysis

The	 statistical	 analyses	 were	 conducted	 through	 SPSS	 v26.1	
(IBM	Corp.).	The	graphs	were	mapped	by	R	V.4.0.5	(ggplot2	pack-
age, available at www.r-	proje	ct.org)	 and	 GraphPad	 Prism	 v6.01	
(GraphPad	 Software	 Inc.).	 The	 differences	 of	 the	 VCAM-	1	 and	
ICAM-	1	between	two	groups	were	calculated	through	the	Mann–	
Whitney	 U	 test.	 In	 STEMI	 patients,	 the	 VCAM-	1	 was	 classified	
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as	 high	 (≥669.1	 ng/ml)	 and	 low	 (<669.1	 ng/ml)	 through	 the	me-
dian	value	 (669.1	ng/ml);	similarly,	 ICAM-	1	was	classified	as	high	
(≥130.3	ng/ml)	and	low	(<130.3	ng/ml)	based	on	the	median	value	
(130.3	ng/ml)	as	well.	The	correlation	of	the	VCAM-	1	and	ICAM-	1	
(high	 vs.	 low)	with	 the	 accumulating	MACE	 rate	was	 performed	
via	Kaplan–	Meier	curve	and	Tarone-	Ware	 test.	After	continuous	
variables converted to categorical variables by median or clinical 
cut	points,	the	factors	associated	with	MACE	risk	were	evaluated	
through	 univariate	 and	 multivariate	 Cox's	 proportional	 hazards	
regression	model	 (all	 factors	were	 included,	 then	 performed	 via	
step-	forward	method).	 The	 visualization	of	 the	multivariate	 pre-
diction	 model	 was	 performed	 through	 nomogram.	 Further,	 the	
receiver	 operating	 characteristic	 (ROC)	 curve	was	 performed	 to	
illustrate	the	models'	predictive	ability.	A	p value < 0.05	indicated	
statistical significance.

3  |  RESULTS

3.1  |  Clinical features

The	 included	 STEMI	 patients	 had	 a	mean	 age	 of	 61.9 ± 10.4 years	
with	95	 (25.5%)	 females	and	278	 (74.5%)	males.	Meanwhile,	 there	
were	96	 (25.7%)	patients	with	a	history	of	diabetes	mellitus	 (DM).	
The	median	(interquartile	range	[IQR])	levels	of	laboratory	findings	
were	as	follows:	serum	creatinine	(Scr)	 (84.6	[73.6–	100.4]	μmol/L),	
low-	density	 lipoprotein	cholesterol	 (LDL-	C)	 (3.1	 [2.3–	3.9]	mmol/L),	
C-	reactive	 protein	 (CRP)	 (4.7	 [3.2–	6.3]	 mg/L),	 cardiac	 troponin	 I	
(cTnI)	 (4.4	 [3.0–	6.30]	 ng/ml),	 and	 creatine	 kinase-	myocardial	 band	
(CK-	MB)	 (32.5	 [18.3–	53.9]	 ng/ml).	 Regarding	 disease	 features,	 the	
median	(IQR)	value	of	infarct	size	was	23.0%	(17.0%–	29.0%);	mean-
while,	 there	 were	 158	 (42.4%)	 patients	 with	 multivessel	 disease.	
Moreover,	 the	 median	 (IQR)	 value	 of	 total	 stent	 length	 was	 33.0	
(23.0–	38.0)	 mm	 in	 STEMI	 patients.	 Other	 clinical	 information	 is	
listed in Table 1.

3.2  |  VCAM- 1 and ICAM- 1 expressions

Vascular	cell	adhesion	molecule-	1	was	raised	in	STEMI	patients	(me-
dian	 [IQR]:	 669.1	 [541.8–	894.5]	 ng/ml)	 compared	 to	HCs	 (median	
[IQR]:	 388.2	 [248.0–	574.0]	 ng/ml)	 (p < 0.001)	 (Figure 1A).	 Further	
ROC	curve	analysis	exhibited	that	VCAM-	1	presented	a	good	value	
in	 distinguishing	 STEMI	 patients	 from	HCs	 (area	 under	 the	 curve	
[AUC]	 (95%	 confidence	 interval	 [CI]):	 0.852	 [0.790–	0.914]);	 be-
sides,	the	value	of	VCAM-	1	at	the	best	cut-	off	point	was	450.6	ng/
ml	 (Figure 1B).	 Similarly,	 ICAM-	1	 was	 also	 elevated	 in	 STEMI	 pa-
tients	(median	[IQR]:	130.3	[97.1–	174.5]	ng/ml)	compared	with	HCs	
(median	 [IQR]:	 72.7	 [52.2–	101.8]	 ng/ml)	 (p < 0.001)	 (Figure 1C).	
Subsequent	ROC	curve	analysis	 showed	 that	 ICAM-	1	presented	a	
good	capacity	in	discriminating	STEMI	patients	from	HCs	(AUC	[95%	
CI]:	0.805	[0.734–	0.875]);	additionally,	 the	value	of	 ICAM-	1	at	 the	
best	cut-	off	point	was	107.1	ng/ml	(Figure 1D).

TA B L E  1 STEMI	patients'	characteristics

Items
STEMI patients 
(N = 373)

Demographics

Age	(years),	mean ± SD 61.9 ± 10.4

Gender,	n	(%)

Female 95	(25.5)

Male 278	(74.5)

BMI	(kg/m2),	mean ± SD 24.6 ± 3.3

Current	smoker,	n	(%) 145	(38.9)

Medical history

History	of	hypertension,	n	(%) 258	(69.2)

History	of	hyperlipidemia,	n	(%) 168	(45.0)

History	of	DM,	n	(%) 96	(25.7)

Laboratory findings

WBC	(109/L),	median	(IQR) 10.0	(7.6–	12.7)

FBG	(mmol/L),	median	(IQR) 5.2	(4.4–	6.3)

Scr	(μmol/L),	median	(IQR) 84.6	(73.6–	100.4)

TG	(mmol/L),	median	(IQR) 1.8	(1.0–	2.5)

TC	(mmol/L),	median	(IQR) 4.6	(3.8–	5.4)

LDL-	C	(mmol/L),	median	(IQR) 3.1	(2.3–	3.9)

HDL-	C	(mmol/L),	median	(IQR) 1.0	(0.9–	1.2)

CRP	(mg/L),	median	(IQR) 4.7	(3.2–	6.3)

cTnI	(ng/ml),	median	(IQR) 4.4	(3.0–	6.30)

CK-	MB	(ng/ml),	median	(IQR) 32.5	(18.3–	53.9)

Disease features

Symptom-	to-	balloon	time	(min),	
median	(IQR)

190.0	(140.0–	280.0)

Infarct sizea	(%),	median	(IQR) 23.0	(17.0–	29.0)

Culprit	lesion,	n	(%)

Left anterior descending artery 159	(42.6)

Left	circumflex	artery 75	(20.1)

Right coronary artery 139	(37.3)

Multivessel	disease,	n	(%) 158	(42.4)

Treatment information

Thrombus	aspiration,	n	(%) 82	(22.0)

Number	of	implanted	stents,	n	(%)

1 285	(76.4)

2 88	(23.6)

Type	of	stent,	n	(%)

Sirolimus-	eluting	stent 253	(67.8)

Everolimus-	eluting	stent 120	(32.2)

Stent	diameter	(mm),	median	(IQR) 3.0	(3.0–	3.5)

Total	stent	length	(mm),	median	(IQR) 33.0	(23.0–	38.0)

Abbreviations:	BMI,	body	mass	index;	CK-	MB,	creatine	kinase-	
myocardial	band;	CRP,	C-	reactive	protein;	cTnI,	cardiac	troponin	I;	DM,	
diabetes	mellitus;	FBG,	fasting	blood	glucose;	HDL-	C,	high-	density	
lipoprotein	cholesterol;	IQR,	interquartile	range;	LDL-	C,	low-	density	
lipoprotein	cholesterol;	Scr,	serum	creatinine;	SD,	standard	deviation;	
STEMI,	ST-	segment	elevation	myocardial	infarction;	TC,	total	
cholesterol;	TG,	triglyceride;	WBC,	white	blood	cell.
aEvaluated on the second or third day after PCI.
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3.3  |  Linkage of VCAM- 1 and ICAM- 1 with 
accumulating MACE rate

Vascular	cell	adhesion	molecule-	1	high	was	linked	to	raised	accumu-
lating	MACE	rate	in	STEMI	patients	(p =	0.002).	Specifically,	the	1,	2,	
and	3-	year	accumulating	MACE	rates	were	9.9%,	14.9%,	and	22.0%	
in	patients	with	VCAM-	1	high;	and	they	were	3.0%,	5.7%,	and	17.2%	
in	patients	with	VCAM-	1	low	(Figure 2A).

Regarding	 ICAM-	1,	 it	 was	 found	 that	 ICAM-	1	 high	 was	 also	
linked	 with	 elevated	 accumulating	 MACE	 rate	 in	 STEMI	 patients	
(p =	 0.012).	 Particularly,	 the	1,	 2,	 and	3-	year	 accumulating	MACE	
rates	were	9.6%,	14.1%,	 and	21.2%	 in	patients	with	 ICAM-	1	high;	

whereas	they	were	3.4%,	6.9%,	and	20.0%	in	patients	with	ICAM-	1	
low	(Figure 2B).

3.4  |  Factors related to MACE risk by 
univariate and multivariate Cox's proportional hazards 
regression analysis

Vascular	cell	adhesion	molecule-	1	 (high	vs.	 low)	 (hazard	ratio	[HR]:	
2.825, p =	0.007),	 ICAM-	1	 (high	vs.	 low)	 (HR	= 2.244, p =	0.026),	
history	 of	DM	 (yes	 vs.	 no)	 (HR	= 2.049, p =	 0.034),	 Scr	 (≥110	 vs.	
<110 μmol/L)	(HR	= 2.239, p =	0.037),	LDL-	C	(≥3.4	vs.	<3.4 mmol/L)	

F I G U R E  1 VCAM-	1	and	ICAM-	1	
were	upregulated	in	STEMI	patients	than	
HCs.	Comparison	of	VCAM-	1	in	STEMI	
patients	vs.	HCs	(A);	the	value	of	VCAM-	1	
for	distinguishing	STEMI	patients	from	
HCs	(B);	comparison	of	ICAM-	1	in	STEMI	
patients	vs.	HCs	(C);	the	capacity	of	
ICAM-	1	for	discriminating	STEMI	patients	
from	HCs	(D).

F I G U R E  2 VCAM-	1	and	ICAM-	1	high	were	correlated	with	raised	accumulating	MACE	rate	in	STEMI	patients.	Association	between	
VCAM-	1	high	and	accumulating	MACE	rate	(A);	linkage	between	ICAM-	1	high	and	accumulating	MACE	rate	(B)	in	STEMI	patients.
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(HR	 = 2.150, p =	 0.024),	 CRP	 (≥5	 vs.	 <5	 mg/L)	 (HR	 = 2.388, 
p =	0.014),	cTnI	(≥median	vs.	<median)	(HR	= 2.028, p =	0.046),	mul-
tivessel	disease	(yes	vs.	no)	(HR	= 2.407, p =	0.011),	and	total	stent	
length	(≥median	vs.	<median)	(HR	= 2.543, p =	0.010)	were	all	linked	
with	raised	MACE	risk	in	STEMI	patients	(Table 2).

Further	multivariate	Cox	analysis	showed	that	VCAM-	1	(high	vs.	
low)	 (HR	= 2.339, p =	0.031),	age	 (≥65	vs.	<65 years)	 (HR	= 2.019, 
p =	0.039),	history	of	DM	(yes	vs.	no)	(HR	= 2.395, p =	0.011),	CRP	
(≥5	vs.	<5	mg/L)	 (HR	= 2.550, p =	0.012),	and	multivessel	disease	
(yes	vs.	no)	(HR	= 2.561, p =	0.007)	were	all	independently	related	to	
elevated	MACE	risk	in	STEMI	patients	(Table 3).

3.5  |  Nomogram based on multivariate 
prediction model

In this study, a prediction model combining these factors was per-
formed	 through	 a	 nomogram	 (Figure 3A).	 The	 indicators	 on	 the	
nomogram were used to score a patient based on the patient's clini-
cal characteristics and then those scores would be added up to cal-
culate	the	total	score.	Finally,	a	functional	transformation	between	
the total score and the probability of the outcome event was used 
to	predict	the	patient's	prognosis.	ROC	curve	analysis	exhibited	that	
the abovementioned prediction model had a good value for evaluat-
ing	MACE	 risk	 at	 1,	 2,	 and	3-	year,	with	AUC	of	0.764,	 0.716,	 and	
0.778,	respectively,	in	STEMI	patients	(Figure 3B).

4  |  DISCUSSION

Vascular	cell	adhesion	molecule-	1	and	ICAM-	1	modulate	atheroscle-
rosis in various ways, which may directly or indirectly facilitate the 
occurrence	of	MACE.16,17	Concerning	VCAM-	1,	it	is	involved	in	the	
process of myeloid cell recruitment in atherosclerosis by interact-
ing	with	nucleotide-	binding	oligomerization	domain	1	(NOD1).17 In 
terms	 of	 ICAM-	1,	 it	 facilitates	 atherosclerosis	 by	 activating	 tran-
scriptional	 regulation	 of	 mineralocorticoid	 receptors	 (MR).16 With 

TA B L E  2 Factors	related	to	MACE	risk	by	univariate	Cox's	
proportional hazards regression analysis

Items p value HR

95% CI

Lower Upper

VCAM-	1	(high	vs.	low) 0.007 2.825 1.328 6.010

ICAM-	1	(high	vs.	low) 0.026 2.244 1.103 4.563

Age	(≥65	vs.	<65 years) 0.107 1.715 0.891 3.304

Gender	(male	vs.	female) 0.098 2.223 0.864 5.718

BMI	(≥28	vs.	<28 kg/m2) 0.080 1.922 0.924 3.998

Current	smoker	(yes	vs.	
no)

0.284 1.431 0.743 2.756

History of hypertension 
(yes	vs.	no)

0.247 1.591 0.724 3.495

History of hyperlipidemia 
(yes	vs.	no)

0.057 1.907 0.982 3.705

History	of	DM	(yes	vs.	no) 0.034 2.049 1.056 3.977

WBC	(≥109/L vs. <109/L) 0.060 1.947 0.973 3.898

FBG	(≥6.2	vs.	
<6.2 mmol/L)

0.462 1.297 0.649 2.595

Scr	(≥110	vs.	
<110 μmol/L)

0.037 2.239 1.052 4.767

TG	(≥1.7	vs.	<1.7 mmol/L) 0.082 1.879 0.924 3.819

TC	(≥5.2	vs.	<5.2 mmol/L) 0.146 1.643 0.841 3.213

LDL-	C	(≥3.4	vs.	
<3.4 mmol/L)

0.024 2.150 1.107 4.172

HDL-	C	(≤0.94	vs.	
>0.94 mmol/L)

0.638 0.844 0.415 1.715

CRP	(≥5	vs.	<5	mg/L) 0.014 2.388 1.193 4.782

cTnI	(≥median	vs.	
<median)

0.046 2.028 1.013 4.060

CK-	MB	(≥median	vs.	
<median)

0.143 1.652 0.844 3.234

Symptom-	to-	balloon	time	
(≥130	vs.	<130 min)

0.050 4.174 1.002 17.389

Infarct	size	(≥median	vs.	
<median)

0.072 1.866 0.945 3.684

Culprit	lesion,	n	(%)

Left anterior 
descending artery

Ref.

Left	circumflex	artery 0.431 0.640 0.210 1.946

Right coronary artery 0.176 1.624 0.805 3.278

Multivessel	disease	(yes	
vs.	no)

0.011 2.407 1.219 4.752

Thrombus	aspiration	(yes	
vs.	no)

0.068 0.333 0.102 1.085

Number	of	implanted	
stents	(2	vs.	1)

0.358 1.395 0.686 2.837

Type	of	stent	(Everolimus-	
eluting stent vs. 
Sirolimus-	eluting	
stent)

0.140 0.552 0.250 1.216

(Continues)

Items p value HR

95% CI

Lower Upper

Stent	diameter	(≥median	
vs. <median)

0.210 0.635 0.312 1.291

Total stent length 
(≥median	vs.	<median)

0.010 2.543 1.251 5.170

Abbreviations:	BMI,	body	mass	index;	CI,	confidence	interval;	CK-	
MB,	creatine	kinase-	myocardial	band;	CRP,	C-	reactive	protein;	cTnI,	
cardiac	troponin	I;	DM,	diabetes	mellitus;	FBG,	fasting	blood	glucose;	
HDL-	C,	high-	density	lipoprotein	cholesterol;	HR,	hazard	ratio;	ICAM-	1,	
intercellular	adhesion	molecule-	1;	LDL-	C,	low-	density	lipoprotein	
cholesterol;	MACE,	major	adverse	cardiac	events;	Scr,	serum	creatinine;	
TC,	total	cholesterol;	TG,	triglyceride;	VCAM-	1,	vascular	cell	adhesion	
molecule-	1;	WBC,	white	blood	cell.

TA B L E  2 (Continued)
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respect	to	the	clinical	implication	of	VCAM-	1	and	ICAM-	1,	they	are	
observed to be enhanced in cardiovascular disease patients, such 
as	ACS,	stable	angina,	and	acute	ischemic	stroke	patients.18,19 This 

study	 observed	 that	 both	 VCAM-	1	 and	 ICAM-	1	were	 elevated	 in	
STEMI	 patients	 in	 contrast	 to	HCs.	 Possible	 arguments	would	 be	
that:	(1)	VCAM-	1	might	facilitate	STEMI	by	interacting	with	NOD1	

Items p value HR

95% CI

Lower Upper

VCAM-	1	(high	vs.	low) 0.031 2.339 1.081 5.061

Age	(≥65	vs.	<65 years) 0.039 2.019 1.037 3.932

History	of	DM	(yes	vs.	no) 0.011 2.395 1.220 4.699

CRP	(≥5	vs.	<5	mg/L) 0.012 2.550 1.229 5.291

Multivessel	disease	(yes	vs.	no) 0.007 2.561 1.295 5.064

Abbreviations:	CI,	confidence	interval;	CRP,	C-	reactive	protein;	DM,	diabetes	mellitus;	HR,	hazard	
ratio;	MACE,	major	adverse	cardiac	events;	VCAM-	1,	vascular	cell	adhesion	molecule-	1.

TA B L E  3 Factors	related	to	MACE	risk	
by	multivariate	Cox's	proportional	hazards	
regression analysis

F I G U R E  3 Prediction	model	was	
performed through nomogram for 
forecasting	MACE	in	STEMI	patients.	The	
prediction model was performed through 
nomogram	(A)	and	its	ROC	curve	for	
predicting	MACE	risk	at	1,	2,	and	3 years	
(B)	in	STEMI	patients.
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to recruit myeloid cells, or promoting myocardial cell apoptosis and 
inflammation10,17;	 (2)	 increased	 ICAM-	1	 could	 activate	 the	MR,	 as	
well as promote proinflammatory leukocyte infiltration, fibrosis, etc., 
to boost the development of atherosclerosis11,16;	 hence,	 VCAM-	1	
and	 ICAM-	1	were	elevated	 in	STEMI	patients	by	comparison	with	
HCs.	Moreover,	the	ROC	curve	analysis	exhibited	that	VCAM-	1	and	
ICAM-	1	possessed	good	capacity	 in	discriminating	STEMI	patients	
from	HCs,	which	revealed	that	VCAM-	1	and	ICAM-	1	could	be	help-
ful	 for	 the	diagnosis	of	 STEMI.	 Subsequent	 studies	 could	 conduct	
related research to verify this finding.

Vascular	cell	adhesion	molecule-	1	and	ICAM-	1	serve	as	risk	fac-
tors	 to	 indicate	 adverse	 cardiovascular	 events	 in	 several	 complex	
disease patients.20–	22	According	to	a	previous	study,	VCAM-	1	pre-
dicts	MACE	 in	 peripheral	 arterial	 disease	 patients.20	 At	 the	 same	
time,	VCAM-	1	independently	forecasts	cardiovascular	events	risk	in	
chronic obstructive pulmonary disease patients.21	In	terms	of	ICAM-	
1, it is linked to cardiovascular event risk in obstructive sleep apnea 
patients.22	 The	 current	 study	 discovered	 that	 both	 VCAM-	1	 and	
ICAM-	1	were	positively	linked	with	MACE	risk.	The	potential	expla-
nation	would	be	that:	(1)	elevated	VCAM-	1	facilitated	the	adhesion	
of circulating leukocytes23;	meanwhile,	VCAM-	1	might	promote	ad-
hesion and infiltration of monocytes into the endothelium24; these 
processes boosted the progression of cardiac diseases; therefore, 
VCAM-	1	could	forecast	elevated	MACE	risk	 in	STEMI	patients;	 (2)	
raised	 ICAM-	1	might	 foster	 fibrosis,	 vascular	 hypertrophy,	macro-
phage	 infiltration,	 as	 well	 as	 reactive	 oxygen	 species	 production,	
resulting	 in	 the	 incidence	of	MACE25;	 therefore,	 elevated	 ICAM-	1	
also	had	the	potency	to	predict	higher	MACE	risk	in	STEMI	patients.

Further	multivariate	Cox	analysis	suggested	that	age	≥65 years,	
history	of	DM,	CRP	≥5	mg/L,	and	multivessel	disease	could	all	inde-
pendently	forecast	enhanced	MACE	risk	in	STEMI	patients.	Possible	
arguments	 would	 be	 that:	 (1)	 regarding	 age,	 STEMI	 patients	 with	
age	 ≥65 years	 were	 more	 likely	 to	 suffer	 from	 myocardial	 infarc-
tion, heart failure, cardiac death, etc.26–	28;	 (2)	history	of	DM	might	
affect the endothelial functions, which would further cause the 
incidence	of	MACE29;	 (3)	 inflammation	participated	in	the	progres-
sion of cardiovascular diseases, and CRP could reflect inflammation 
status23,30,31;	 (4)	STEMI	patients	with	the	multivessel	disease	were	
susceptible	 to	 MACE32; therefore, abovementioned factors inde-
pendently	 predicted	MACE	 risk	 in	 STEMI	 patients.	 A	 subsequent	
prediction model performed by nomogram provided a reference for 
predicting	the	MACE	risk	at	1,	2,	and	3 years;	meanwhile,	the	ROC	
curve analysis suggested that this multivariate prediction model 
performed	by	nomogram	may	assist	in	MACE	prediction	for	STEMI	
patients.	Notably,	in-	stent	anti-	coagulants	were	applied	in	this	study,	
and	the	corresponding	information	was	also	recorded.	Specifically,	
approximately	 70%	 of	 STEMI	 patients	 applied	 Rapamycin-	eluting	
stents since Rapamycin had been included in China's medical insur-
ance,	 and	 the	 left	 30%	of	patients	 used	Everolimus-	eluting	 stents	
in this study. However, further confirmation is needed to evaluate 
whether	different	types	of	in-	sent	anti-	coagulant	use	would	affect	
the prognosis.

Some	limitations	might	exist	 in	this	study:	(1)	this	was	a	single-	
center	 study;	 thus,	 selection	 and	 regional	 bias	 might	 exist;	 (2)	 In	
order to reduce the compounders, the current study only included 
previously	PCI-	naïve	STEMI	patients;	however,	the	prognostic	value	
of	VCAM-	1	and	ICAM-	1	in	STEMI	patients	who	had	PCI	history	re-
mained	unclear;	(3)	multi-	time-	point	detection	should	be	taken	into	
account	 for	 evaluating	 the	 longitudinal	 changes	 of	 VCAM-	1	 and	
ICAM-	1	 in	monitoring	STEMI	progression;	 (4)	 a	part	of	STEMI	pa-
tients	were	not	local	residents,	which	hampered	the	follow-	up	and	
might	affect	the	reliability	of	the	findings;	(5)	compared	with	STEMI	
patients, the number of HCs were relatively insufficient, which 
might affect the statistical power.

In	 conclusion,	 this	 study	 confirms	 the	 value	 of	 VCAM-	1	 and	
ICAM-	1	measurement	 in	 predicting	MACE	 risk	 in	 STEMI	 patients.	
Moreover,	VCAM-	1	plus	other	 traditional	prognostic	 factors	 (such	
as	age,	history	of	DM,	CRP,	and	multivessel	disease)	could	 further	
improve	the	predictive	accuracy	of	MACE	risk	in	STEMI	patients.
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