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Abstract

Objective: This study aimed to investigate the effects of
serum levels of apelin and CD40L on major adverse car-
diovascular events (MACEs) after percutaneous coronary
intervention (PCI). Methods: A case–control study was
conducted to select patients undergoing PCI in our hospital
from June 2020 to June 2022. Patients were divided into the
occurrence group and the non-occurrence group according
to whether MACEs occurred during the 12-month follow-
up after surgery. Enzyme-linked immunosorbent assay was
used to detect the expression levels of serum apelin and
CD40L in the two groups, and the correlation between the
expression of apelin and CD40L and prognosis was ana-
lyzed. Logistic regression analysis was performed on the
indicators with differences to analyze the influencing fac-
tors of the prognosis of PCI. Results: Compared with the
non-occurrence group, the occurrence group had a signifi-
cantly lower level of apelin and a significantly higher level
of CD40L (p < 0.001). Apelin was negatively correlated
with the occurrence of MACEs after PCI (r = –0.583, p <

0.001), and CD40L was positively correlated with the oc-
currence ofMACEs after PCI (r = 0.569, p< 0.001). Logis-
tic regression analysis showed that apelin was a protective
factor for MACEs after PCI (odds ratio (OR) = 0.248, p <

0.001); CD40L, age, hypertension, and the number of dis-
eased vessels were risk factors for MACEs after PCI (OR =
8.684, 0.018, 0.003, 0.020, p< 0.05). The area under curve
(AUC) of apelin combined with CD40L was large, and the
predictive value was higher than that of apelin and CD40L
alone (AUC values were 0.956, 0.857, 0.905, p < 0.001;
p < 0.001; p < 0.001). Conclusions: This study showed
that the levels of apelin and CD40L were correlated with
MACEs after PCI. Clinicians should pay close attention to
the levels of apelin and CD40L in patients after PCI and be
alert to the occurrence of MACEs.
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Introduction

Coronary heart disease is one of the diseases with the
highest mortality worldwide, and it is mainly caused by
coronary artery stenosis or occlusion [1–4]. At present, per-
cutaneous coronary intervention (PCI) is one of the main
methods for the treatment of this disease; PCI can promote
the blood flow of patients to return to normal and ensure
that patients have sufficient blood oxygen supply to the my-
ocardium [5–8]. Although PCI treatment has achieved a
certain degree of clinical efficacy, some patients still un-
dergo major adverse cardiovascular events (MACEs) after
the operation. MACEs mainly include heart failure, my-
ocardial infarction, angina recurrence, and arrhythmia [9–
11]. The occurrence of such events brings heavy psycho-
logical burden and economic pressure to the patient’s fam-
ily and society, which have a serious impact on the patient.

Studies have shown that the expression of serum
apelin and type Ⅱ transmembrane glycoprotein (CD40L)
is closely related to the development of cardiovascular dis-
eases; these compounds have attracted wide research atten-
tion [12–14]. Apelin is an endogenous ligand of angiotensin
domain type 1 receptor-related protein. As an endogenous
natriuretic inhibitory peptide, apelin has been found to have
various physiological functions in the cardiovascular sys-
tem. It is widely distributed in the body and has high ex-
pression levels in many vascular systems, such as cardio-
vascular system and pulmonary vascular system. Expres-
sion levels are closely related to various diseases such as
heart failure, atrial fibrillation, and myocardial infarction
[14,15]. CD40L is a molecule on the surface of T lympho-
cytes, which is related to inflammation and platelet activa-
tion. It has been found to play a key role in atherosclerosis.
It has high homology in amino acid level and is an impor-
tant pathway for regulating various immune and inflamma-
tory processes. It can activate the secretion ofmacrophages,
endothelial cells, and T lymphocytes in plaque to produce
components that play an important role in the stability of
the plaque in patients [16–19].

Although studies have focused on the expression of
apelin and CD40L in cardiovascular diseases, relatively
limited research has been conducted on their role in MACE
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after PCI. Therefore, to further understand the risk factors
of MACE after PCI and determine the correlation between
the expression levels of apelin and CD40L in serum, we
conducted this case–control study to analyze and evaluate
patients undergoing PCI in our hospital from June 2020 to
June 2022.

Objects and Methods

Research Object

The clinical data of patients who underwent PCI in our
hospital from June 2020 to June 2022 were retrospectively
analyzed. The patients were divided into the occurrence
group and the non-occurrence group according to whether
MACEs occurred during the 12-month follow-up.

Inclusion criteria: (1) All patients met the diagnostic
criteria in the “Guidelines for the diagnosis and manage-
ment of chronic coronary syndrome” [20], and their diagno-
sis was confirmed by coronary angiography; (2) all patients
underwent PCI for the first time and met the indications of
PCI in the Chinese guidelines for percutaneous coronary in-
tervention; (3) complete clinical data; (4) implantation of
drug-coated stents during operation; (5) age>18 years old;
and (6) anticoagulation and antiplatelet drugs were used in
both groups before and after the operation.

Exclusion criteria: (1) patients with previous major
bleeding events (major bleeding met the bleeding academic
research society criteria); (2) death or interruption during
follow-up; (3) combined with hematological and infectious
diseases; (4) complicated with severe liver, kidney, and
other organ dysfunction; (5) combined with malignant tu-
mors; (6) failure of PCI; and (7) previous history of heart
failure, myocardial infarction, arrhythmia, and angina.

This study was reported to and approved by the ethics
committee of our hospital. Given that this case‒control
study involved anonymized patient data, informed consent
was not required from the patients or their families.

Methods

(1) The baseline data of patients undergoing PCI in
our hospital were collected and recorded through the med-
ical record system, including ¬ general data: gender, age,
body mass index, diabetes, hypertension, smoking history,
drinking history, family history of heart disease, cardiac
function classification, and lesion location;  biochemical
indicators: triglyceride and total cholesterol; and ® coro-
nary angiography results: the number of diseased vessels,
the number of stents implanted, and the degree of coronary
artery stenosis. About 5 mL of venous blood was collected
from the patients before the operation, and the serum was
separated by centrifugation. The supernatant was stored at
–70 °C and detected. The levels of serum apelin and CD40L
were detected by enzyme-linked immunosorbent assay.

(2) The adverse cardiovascular events of patients af-
ter PCI in our hospital were collected by laboratory ex-
amination and imaging examination: heart failure (short-
ness of breath, dyspnea, other symptoms after exercise,
left ventricular enlargement, and cardiac ejection fraction
function decreased by echocardiography; Killip class III
and above), recurrent myocardial infarction (occurrence of
symptoms of myocardial infarction and myocardial infarc-
tion with significantly increased levels of myocardial in-
farction markers on electrocardiogram), arrhythmia (sus-
tained ventricular tachycardia or ventricular fibrillation on
electrocardiogram), and angina recurrence (angina symp-
toms and ischemic ST-T segment on electrocardiogram).
The patients who underwent PCI were followed up for 1
year, and they were divided into the occurrence group and
the non-occurrence group according to whether they had
MACEs.

(3) Measurement of apelin and CD40L levels in pa-
tients undergoing PCI in our hospital: apelin and CD40L
levels were detected in patients 2 days after PCI. In the
morning, 2 mL of fasting venous blood was collected from
the patients, and the level of apelin was detected by enzyme-
linked immunosorbent assay. The kit used was an apelin kit
(manufacturer: Shanghai Xitang Biotechnology Co., Ltd.,
China; Specifications: F00124; Origin: Shanghai, China).
The level of CD40L was detected by double-antibody sand-
wich enzyme-linked immunosorbent assay. The kit was
CD40L kit (manufacturer: Guangzhou Weibo Technology
Co., Ltd.; Specification: 96T; Origin: Guangzhou, Guang-
dong, China).

Observation Indicators

(1) The occurrence of MACEs of patients after PCI
was counted.

(2) The baseline data and the expression levels of
apelin and CD40L were collected and compared between
the two groups. Logistic regression analysis was performed
to obtain the influencing factors of adverse events after PCI.

Statistical Methods

Statistical analysis was performed using IBM SPSS
Statistics for Windows version 27.0 (IBM Corp. Armonk,
NY, USA). Measurement data conforming to normal distri-
bution were expressed as (x̄ ± s). Those who did not con-
form to the normal distribution were transformed into the
normal distribution, and statistical analysis was performed
by t test. Count data, expressed as [n (%)], were compared
using the χ2 test, and p < 0.05 was considered statisti-
cally significant. Binary logistic regression analysis was
performed to analyze the prognostic factors of PCI. Spear-
man correlation analysis was used for correlation analysis,
and p < 0.05 was considered statistically significant.
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Results

Occurrence of MACEs after PCI

The 12-month follow-up results after PCI showed that
a total of 42 patients with MACEs were included in the
occurrence group, accounting for 20.90% (42/201). The
remaining patients without MACEs were included in the
non-occurrence group, accounting for 79.10% (159/201),
as shown in Fig. 1.

Fig. 1. Occurrence of adverse cardiovascular events after per-
cutaneous coronary intervention (PCI).

Single-Factor Comparison of Adverse Cardiovascular
Events after PCI

Statistical analysis revealed significant differences in
age, hypertension, number of diseased vessels, smoking
history, and serum apelin and CD40L expression levels be-
tween the two groups (p < 0.05; Table 1).

Apelin and CD40L are Correlated with the Occurrence of
MACEs after PCI

As shown in Table 2, apelin was negatively correlated
with the occurrence of MACEs after PCI (r = –0.583, p <

0.05), and CD40L was positively correlated with the occur-
rence of MACEs after PCI (r = 0.569, p < 0.05).

Independent Variable Assignment

As shown in Table 3, the MACEs after PCI were used
as the dependent variable Y. The age, hypertension, num-
ber of diseased vessels, smoking history, serum apelin, and
serum CD40L were used as the independent variables X1,
X2, X3, X4, X5, and X6 for assignment processing, respec-
tively, as shown in Table 3.

Multivariate Analysis of the Prognosis of PCI

Logistic regression equation showed that apelin was
a protective factor for MACEs after PCI (odds ratio (OR)
<1). Age, hypertension, number of diseased vessels, smok-
ing history, and CD40L were all risk factors for MACEs
after PCI, with OR values >1. Details can be found in Ta-
ble 4.

Analysis of the Predictive Value of Different Indicators

The area under the curve (AUC) of apelin combined
with CD40L was large, and the predictive value was higher
than that of apelin or CD40L alone (p< 0.001). Details can
be found in Table 5.

Discussion

PCI is one of the most commonly used procedures for
coronary heart disease in cardiology, which has good diag-
nosis and treatment effects. However, some patients will
have MACEs after PCI, bringing a heavy blow to the qual-
ity of life and economy of patients. Studies have shown that
apelin is an adipokine, which has an important effect on the
stability of carotid plaque in the body. It has low levels in
patients with myocardial ischemia and other diseases and
is closely related to vascular diseases [21–23]. CD40L is
involved in the adhesion of activated platelets to vascular
endothelium to form thrombosis, and it can stabilize coro-
nary plaque [17,24]. Therefore, the clinical diagnosis and
treatment of patients should be promoted to determine the
influencing factors leading to MACE after surgery and ex-
plore its correlation with the expression levels of apelin and
CD40L.

The 12-month follow-up results showed that a total of
42 patients (20.90%) had MACEs. We found significant
differences in age, hypertension, number of diseased ves-
sels, smoking history, and serum apelin and CD40L expres-
sion levels between the two groups (p < 0.05). Correlation
analysis revealed that apelin was negatively correlated with
the occurrence of MACEs after PCI (r = –0.583, p< 0.05),
whereas CD40L was positively correlated with the occur-
rence of MACEs after PCI (r = 0.569, p < 0.05). Explor-
ing its effect on patients after PCI is of great significance
to reduce the occurrence of MACEs. Logistic regression
equation was used to calculate the difference between the
two groups. The results indicated that apelin was a protec-
tive factor for MACEs after PCI (OR = 0.248, p < 0.001),
whereas CD40Lwas a risk factor forMACEs after PCI (OR
= 8.684, p < 0.001). We conducted predictive value analy-
sis and found that the AUC of apelin combined with CD40L
was large, and the predictive value was higher than that of
apelin and CD40L alone (p < 0.001). Mughal et al. [25]
concluded that the apelin receptor signal transduction axis
has a protective effect in the cardiovascular system. Previ-
ous studies have found that apelin can regulate the body’s
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Table 1. Comparison of general data.
The project Occurrence group (n = 42) Non-occurrence group (159) χ2/z p

Gender (n, %)
Male 24 (57.14) 96 (60.38)

0.144 0.704
Female 18 (42.86) 63 (39.63)

Body mass index (kg/m2) 22.20 (20.68, 23.30) 21.60 (20.30, 22.90) −1.150 0.250

Smoking history (n, %)
Yes 27 (64.29) 57 (35.95)

11.044 0.001
None 15 (35.71) 102 (64.05)

Drinking history (n, %)
Yes 10 (23.81) 52 (32.70)

1.232 0.267
None 32 (76.19) 107 (67.30)

Family history of heart
disease (n, %)

Yes 4 (9.52) 15 (9.43)
0.001 0.986

None 38 (90.48) 144 (90.57)
Cardiac function classification
(n, %)

Level III 17 (40.48) 64 (40.25)
0.001 0.979

Level IV 25 (59.52) 95 (59.75)

Lesion location (n, %)
Left main coronary artery 15 (35.71) 52 (32.70)

0.141 0.932Right main coronary artery 20 (47.62) 80 (50.31)
Three coronary artery lesions 7 (16.67) 27 (16.98)

Age (n, %)
<60 years old 12 (28.57) 98 (61.64)

14.659 <0.001
≥60 years old 30 (71.43) 61 (38.36)

Hypertension (n, %)
Yes 27 (64.29) 50 (31.45)

15.161 <0.001
None 15 (35.71) 109 (68.55)

Number of diseased vessels
(n, %)

1–2 18 (42.86) 115 (72.33)
12.890 <0.001

≥3 24 (57.14) 44 (27.67)

Number of stents (n, %)
1–2 18 (42.86) 71 (44.65)

0.043 0.835
≥3 24 (57.14) 88 (55.35)

Degree of coronary artery stenosis (%) 86.00 (83.00, 90.25) 87.00 (83.00, 91.00) −0.632 0.527
Triglyceride (mmol/L) 1.99 (1.82, 2.21) 1.93 (1.78, 2.13) −1.278 0.201
Total cholesterol (mmol/L) 4.94 (4.72, 5.13) 4.92 (4.68, 5.07) −1.137 0.256
CD40L (µg/L) 7.18 (6.71, 7.98) 8.59 (8.17, 9.00) −8.255 <0.001
Apelin (ng/L) 27.61 (26.53, 28.55) 25.60 (24.82, 26.88) −7.111 <0.001
Perioperative medication
Antiplatelet agents 24 (57.14) 92 (57.86) 0.007 0.933
Statins 13 (30.95) 50 (31.45) 0.004 0.951
Nitrates 8 (19.05) 33 (20.75) 0.060 0.807
Beta-blockers 9 (21.43) 35 (22.01) 0.007 0.935
Note: The reference range of triglyceride (mmol/L) was <1.7 mmol/L as appropriate level, 1.70–2.25 mmol/L as borderline elevated, and
≥2.26 mmol/L as elevated. The reference range of total cholesterol (mmol/L) was <5.18 mmol/L, which was the ideal range, 5.18–6.19
mmol/L was borderline elevated, and ≥6.22 mmol/L was elevated.

Table 2. Correlation of apelin and CD40L with the occurrence of adverse cardiovascular events after PCI.

Indicators
Cardiovascular adverse events occurred after PCI

r p

Apelin –0.583 <0.001
CD40L 0.569 <0.001

Table 3. Independent variable assignment table.
Variate Variable name Assignment method

Y Adverse cardiovascular events after PCI 0 = no occurrence, 1 = occurrence
X1 Age 0 = < 60 years old, 1 = ≥60 years old
X2 Hypertension. 0 = no, 1 = yes
X3 Number of diseased vessels 0 = 1–2, 1 = ≥3
X4 Smoking history 0 = no, 1 = yes
X5 Serum apelin Measured value
X6 Serum CD40L Measured value
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Table 4. Multivariate analysis of factors affecting the outcome of PCI procedures.
The project β SE Waldχ2 p value OR value OR value 95% CI

Apelin −1.395 0.393 12.601 <0.001 0.248 0.115–0.535
CD40L 4.230 1.122 14.216 <0.001 8.684 7.621–19.001
Age 1.890 0.800 5.575 0.018 6.619 1.379–31.776
Hypertension. 2.484 0.822 9.124 0.003 11.991 2.392–60.099
Number of diseased vessels 1.939 0.836 5.375 0.020 6.952 1.350–35.815
Smoking history 1.089 0.745 2.135 0.144 2.971 0.690–12.799
OR, odds ratio; CI, confidence interval.

Table 5. Analysis of the predictive value of different indicators.
The project AUC Standard error Confidence interval Sensitivity Specificity p value

Apelin 0.857 0.030 0.798–0.916 0.541 0.976 <0.001
CD40L 0.905 0.024 0.858–0.951 0.690 0.931 <0.001
The two combined 0.956 0.014 0.929–0.983 0.952 0.830 <0.001
AUC, area under the curve.

blood vessels, improve cardiac systolic function, and has
the effect of protective vasodilatation, which plays a cru-
cial role in the cardiovascular system and heart develop-
ment of patients and is an important predictor of adverse
cardiovascular events after PCI [26]. CD40L is a strong ac-
tivator of nuclear factors in platelets, which can initiate and
enhance platelet activation in response to thrombus stimu-
lation, promote inflammatory response, and cause plaque
rupture, leading to adverse cardiovascular events [27]. In
addition, Kłósek et al. [28] found that CD40L plays an im-
portant role in systemic immune function and is a risk indi-
cator for a variety of cardiovascular diseases. These studies
showed the effect of apelin and CD40L on the prognosis of
patients undergoing PCI, and the data of this study revealed
that the two were significantly correlated with the progno-
sis. At the same time, the combination of apelin and CD40L
had a high diagnostic value in predicting adverse events af-
ter PCI.

Logistic regression equation showed that age, hyper-
tension, and the number of diseased vessels were indepen-
dent risk factors for MACEs after PCI. The reasons were as
follows: (1) the increase in age will lead to the deterioration
of the function of tissues and organs in the body, and the
thickness of blood vessel wall will increase, resulting in the
increase in blood flow resistance and the decrease in blood
flow velocity, which will affect the blood circulation of pa-
tients. In addition, the older the patient is, the body’s immu-
nity, metabolism, and other functions are reduced, and the
postoperative recovery becomes slow. Many factors cause
poor surgical healing. Liu et al. [29] found that the pa-
tient’s age is a risk factor for poor prognosis of PCI. (2)
d’Entremont et al. [30] believed that hypertension is an im-
portant risk factor for coronary artery disease and an im-
portant predictor of the prognosis of PCI. Hypertension can
cause relevant target organ damage in patients after PCI,
including increased sympathetic nerve activity, enhanced
inflammatory response and oxidative stress, and inhibited
cardiac function, resulting in continuous hypotension, heart

failure, and other adverse conditions. (3) Previous studies
have shown that the incidence ofMACEs increases with the
increase in the number of involved vessels, and the number
of diseased vessels is an important influencing factor [31].
As the number of diseased vessels increases, the complex-
ity and risk of the operation and operation time increase as
well. The large number of diseased vessels, stenosis, and
obstruction of multiple vessels increase the risk of myocar-
dial insufficiency, and the patient’s myocardium cannot re-
ceive sufficient oxygen and nutrients for oxygen supply, re-
sulting in an increased risk of MACEs.

The selection of patients who underwent PCI at our
hospital within a specific time frame may have resulted in
limitations of the sample. This study adopted a case‒control
study design, which could not completely exclude potential
confounding factors and information bias. However, we
attempted to collect other information of the two groups,
which showed that the two groups were comparable. This
study was conducted only in a specific medical setting, and
the particular characteristics of that setting may limit the
generalizability of the findings to other medical settings
with different backgrounds and nursing practices. These
limitations should be considered when interpreting the find-
ings and incorporated into a comprehensive assessment of
the study’s conclusions. Future studies can compensate for
these limitations through elaborate designs and large sam-
ple size multicenter studies. Despite these limitations, this
study provides substantial support for the analysis of influ-
encing factors of cardiovascular adverse events during PCI
and a theoretical basis for clinical physicians to intervene.

Conclusions

In conclusion, many influencing factors are responsi-
ble for the occurrence of MACEs after PCI. Age, hyperten-
sion, number of diseased vessels, CD40L, and serum apelin
are all independent influencing factors. Moreover, apelin
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is negatively correlated with the occurrence of MACEs,
and CD40L is positively correlated with the occurrence of
MACEs. Therefore, timely and effective intervention of
the above factors can improve the prognosis of PCI and en-
hance the reference basis for clinicians’ diagnosis and treat-
ment.
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