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Abstract: Objective: To study the effects of ticagrelor and clopidogrel on homocysteine (Hcy) level and neutrophilto-lymphocyte ratio (NLR) in elderly patients with coronary heart disease (CHD). Methods: A prospective study was
conducted on 128 elderly patients with CHD who underwent percutaneous coronary intervention (PCI). The patients
were divided into two groups according to random number table: following PCI, 64 patients treated with ticagrelor combined with aspirin were set as the observation group, and the other 64 patients treated with clopidogrel
combined with aspirin were set as the control group. One case in the control group lost to follow up for the study.
The clinical efficacy was observed. Serum Hcy level, NLR and left ventricular function were measured and adverse
events recorded in the two groups. Results: After treatment, the total effective rate of the observation group was
significantly higher than that of the control group (85.94% vs 71.43%, P<0.05). The decrease of Hcy and NLR in the
observation group was more significant than that in the control group after treatment (P<0.001), and Hcy was positively correlated with NLR (r=0.224, P=0.012). Compared with the control group, the post-treatment left ventricular
ejection fraction (LVEF) in the observation group was significantly higher, while the left ventricular end-systolic diameter (LVESD), left ventricular end-diastolic diameter (LVEDD) and Left atrial diameter (LADD) were significantly
lower (P<0.01 or P<0.001). The incidence of adverse events in the observation group was significantly lower than
that in the control group (P<0.05). Conclusion: Ticagrelor combined with aspirin is markedly effective in the treatment of patients undergoing PCI, which can decrease Hcy and NLR, improve left ventricular function and reduce the
incidence of adverse events.
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Introduction
Coronary heart disease, or CHD, is a common
disease among elderly patients, presenting
increasing morbidity and mortality year by year.
CHD accounts for approximately 0.77-1.24%
among Chinese population, and is more pervasive in elderly patients. Its mortality rate
among urban Chinese population is 107.50 per
100,000 people compared with 105.37 per
100,000 people in rural areas [1]. Currently,
the most effective clinical method for the treatment of CHD is to use percutaneous coronary
intervention (PCI) to open the blocked blood
vessels. However, postoperative thrombosis is
prone to occur, causing stent re-blockage and
affecting the prognosis of patients, which has
become a new direction of clinical research [2,

3]. Previous studies have shown that preoperative anticoagulant therapy for PCI can effectively prevent the occurrence of no-reflow phenomenon during operation [4-6], and postoperative
anticoagulant therapy is also of great significance to prevent thrombosis. Previous clinical
use of clopidogrel combined with aspirin for
dual-antibody therapy has been shown in studies to significantly reduce the mortality of
patients and postoperative stent thrombosis,
while recent studies have found that clopidogrel resistance exists in some patients, resulting in postoperative stent thrombosis [7, 8].
Therefore, clinical trials began to seek for new
anticoagulants to achieve the effect of postoperative anticoagulation. Among them, ticagrelor
is a new adenosine diphosphate receptor
antagonist, which can inhibit platelet aggrega-
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tion with rapid and strong effect [9, 10]. Evidence has shown that the formation of atherosclerotic plaques is the basis of CHD [11, 12],
and elevated serum homocysteine (Hcy) is an
important factor in the development of atherosclerosis. Other studies have revealed that
Hcy is positively correlated with the degree of
coronary artery disease [13]. The neutrophil-tolymphocyte ratio (NLR) is a new inflammatory
marker, which has been shown to be closely
related to disease severity and prognosis of
cancer patients [14, 15]. In recent years, researchers have identified a correlation between
NLR and disease severity and prognosis in
patients with CHD [16, 17]. Based on this, the
purpose of this study was to explore the therapeutic effect of ticagrelor and clopidogrel on
elderly patients with CHD after PCI and their
effects on Hcy level and NLR.
Materials and methods
Clinical data
This study was approved by the Medical Ethics
Committee of Huangshan City People’s Hospital. A prospective study was conducted on
128 elderly patients with CHD who underwentPCI in the Department of Cardiology of Huangshan City People’s Hospital from January 2018
to October 2019. Using random number table
method, 64 patients treated with ticagrelorcombined with aspirin were assigned to the
observation group, and 64 patients treated
with clopidogrel combined with aspirin were set
as the control group. All the participants were
aged from 60 to 86 years old, with an average
age of 71.4±9.8 years old.
Inclusion and exclusion criteria
Inclusion criteria: (1) Patients who met the diagnostic criteria of unstable angina pectoris formulated by the Chinese Medical Association
[18], and needed PCI after coronary angiography diagnosis; (2) Patients over 60 years old;
(3) Patients with first onset; (4) Patients who
received and completed PCI treatment.
Exclusion criteria: (1) Patients with congenital
heart disease, persistent atrial fibrillation, or
cardiomyopathy; (2) Patients with malignant
tumors; (3) Patients combined with hypotension shock or severe electrolyte disorder; (4)
Patients with hematological diseases.
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Methods
Patients in the observation group were given
300 mg aspirin (Bayer Pharmaceuticals, Italy)
and 180 mg ticagrelor (Astra Zeneca AB,
Sweden) before PCI. After PCI, aspirin was orally
administered 100 mg once daily and ticagrelor
90 mg twice daily for 3 months. In the control
group, 300 mg aspirin (Bayer Pharmaceuticals,
Italy) and 300 mg clopidogrel (Sanofi Clir SNC,
France) were administered before PCI, and 100
mg aspirin was taken once daily and 75 mg
clopidogrel once daily orally for 3 months after
PCI.
Outcome measures
Clinical efficacy evaluation [19]: Clinical efficacy was determined as markedly effective, effective and ineffective according to the frequency
of angina pectoris and electrocardiogram (ECG)
results after treatment. Markedly effective: the
patient’s clinical symptoms completely disappeared, and the ECG T wave inversion and ST
segment depression basically returned to normal; effective: the patient’s clinical symptoms
were significantly improved, the T wave inversion became shallower by more than 50%, and
the ST segment depression was partially improved; ineffective: failure to meet the above
criteria. Effective rate = (markedly effective +
effective)/total number of cases × 100%.
Determination of serum Hcy and NLR
Elbow venous blood (5 mL) was respectively
collected from each participant before operation and 3 months after operation, and stored
in sterile tubes of ethylenediaminetetraacetic
acid (EDTA; Labware Technology (Shenzhen)
Co., Ltd., China). After being stored in a refrigerator at 4°C for 15 minutes, the serum and
plasma were separated by a centrifuge with a
centrifugal force of 1106.8 (xg) and stored in a
refrigerator at -80°C. Routine blood test was
performed using Coulter LH750 automatic hemocyte analyzer (Beckman Coulter Company,
USA), NLR = neutrophil/lymphocyte, and Hcy
was determined using an automatic biochemical analyzer (Hitachi 7600-020E type).
Evaluation of left heart function before and
after operation
Cardiac echocardiography: Ultrasonic cardiogram (UCG) was performed using color Doppler
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Table 1. Comparison of general and baseline data ( x ± sd)
Observation Control group
group (n=64)
(n=63)
Gender (male/female)
42/22
39/24
Age (year)
71.7±9.3
71.3±8.9
SBP (mmHg)
152.18±7.19 152.05±8.20
DBP (mmHg)
88.18±7.19
88.20±7.82
TG (mmol/L)
1.77±0.64
1.78±0.64
TC (mmol/L)
5.56±0.76
5.60±0.78
HDL (mmol/L)
1.07±0.35
1.11±0.33
LDL (mmol/L)
3.82±0.84
3.95±0.68
HGB (g/L)
138.52±10.46 139.45±9.73
ALB (g/L)
41.78±4.76
42.81±4.86
BMI (kg/m2)
24.07±3.98
25.14±4.12
FBG (mmol/L)
7.89±3.82
8.03±4.13

Group

χ2/t

P

0.190
0.248
0.095
0.015
0.088
0.293
0.509
0.950
0.519
1.027
1.489
0.843

0.663
0.805
0.924
0.988
0.930
0.770
0.662
0.340
0.605
0.230
0.139
0.198

Note: SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglyceride; TC:
total cholesterol; HDL: high density lipoprotein; LDL: low-density lipoprotein; HGB: hemoglobin; ALB: serum albumin; BMI: body mass index; FBG: fasting blood glucose.

Table 2. Comparison of efficacy (n, %)
Group

Number
of cases

Observation group
Control group
χ2
P

64
63

Total
effective
rate
35 (54.69) 20 (31.25) 9 (14.06) 55 (85.94)
19 (30.16) 26 (41.27) 18 (28.57) 45 (71.43)
8.516
3.996
0.014
0.046
Markedly
effective

Effective

echocardiography (Philips Company, USA, model: PHILPS IU22). Left ventricular ejection fraction (LVEF), left ventricular end-systolic diameter (LVESD), left ventricular end-diastolic diameter (LVEDD) and left atrial end-diastolic dimension (LADD) were measured.
Occurrence of adverse events
The incidence of adverse events, including
malignant arrhythmia, recurrent myocardial
infarction, sudden cardiac death, and intractable angina pectoris, was recorded during the 3
months of treatment.
Statistical methods
The data were analyzed using SPSS 17.0 statistical software. The continuous variables were
_
expressed as mean ± standard deviation ( x ±
sd), and data conforming to normal distribution
and homogeneity of variance were tested by
independent sample t test. The counting data
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Ineffective

were represented by number of cases (n, %), and
analyzed by Pearson chisquare test. Pearson correlation analysis was used
to analyze the linear correlation between two variables. P<0.05 indicated
a statistically significant
difference.
Results
Comparison of general
and baseline data
One patient in the control
group withdrew from the
study due to loss of followup. There was no significant difference in general
data and baseline data
between the two groups,
indicating comparability
(P>0.05). See Table 1.
Comparison of efficacy

Comparison of the efficacy
between the two groups
showed that there were
statistical differences in
the number of markedly effective, effective and
ineffective cases (P<0.05). The total effective
rate of the observation group was significantly
higher than that of the control group (85.94%
vs 71.43%, P<0.05). See Table 2.
Comparison of Hcy and NLR before and after
treatment
There were no significant differences in Hcy
and NLR between the two groups before treatment (P>0.05). After treatment, Hcy and NLR
decreased significantly in both groups (P<0.05
or P<0.001), and the decrease was more significant in the observation group (P<0.001).
See Table 3.
Correlation between Hcy and NLR in CHD patients before PCI
A correlation study between Hcy and NLR in
CHD patients before PCI treatment identified
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particularly true after the rupture of
coronary artery plaque, so the use of
anti-platelet drugs for treatment before
Group
Hcy (mg/L)
NLR (%)
and after PCI is of the essence for
Before treatment
improving the prognosis of patients
Observation group (n=64)
16.23±2.76
4.23±2.13
[20, 21]. Some studies have shown
Control group (n=63)
16.43±3.12
4.32±2.09
that clopidogrel resistance occurs in
After treatment
some patients as it is metabolized by
Observation group (n=64) 8.34±1.51***,### 2.17±1.89***,###
liver enzymes and affected by CYP2C19
Control group (n=63)
14.23±2.54*
3.23±2.12***
gene polymorphism [7, 8]. As a new
Note: Compared with the same group before treatment, *P<0.05;
type of anticoagulant, ticagrelor not
***
P<0.001; Compared with the control group after treatment,
only acts rapidly with strong anti-plate###
P<0.001. NLR: neutrophil-to-lymphocyte ratio; Hcy: homocysteine.
let effect, but is not affected by
CYP2C19 gene polymorphism, and
meanwhile, it is capable of dilating coronary
arteries without liver enzyme metabolism [22].
And some reports have indicated that the
therapeutic effect of ticagrelor is more significant than clopidogrel [23]. This study also
found that ticagrelor was more effective in the
treatment of CHD patients with unstable angina pectoris after PCI, which was consistent
with the preceding research.
Table 3. Comparison
of Hcy and NLR before and after
_
treatment ( x ± sd)

Figure 1. Correlation between Hcy and NLR in CHD
patients before PCI. NLR: neutrophil-to-lymphocyte
ratio; Hcy: homocysteine.

that the two were positively correlated (r=0.224,
P=0.012). See Figure 1.
Comparison of cardiac function indexes before
and after PCI treatment
The pre-treatment LVEF, LVESD, LVEDD and
LADD did not differ between the two groups
(P>0.05). After treatment, LVEF increased significantly (P<0.01 or P<0.001), while LVESD,
LVEDD and LADD reduced significantly in both
groups (P<0.01 or P<0.001), and the improvement was more obvious in the observation
group (P<0.01 or P<0.001). See Table 4.
Comparison of incidence of adverse events
The incidence of adverse events was found to
be lower in the observation group than in the
control group, with a statistical difference
(P<0.05). See Table 5.
Discussion
Platelet activation plays a crucial role in the
occurrence and development of CHD, which is
7939

Increased Hcy is an important factor in the
occurrence and development of CHD, which
can damage the function of vascular cells in
the body, and stimulate vascular smooth muscle and promote its proliferation, resulting in
activation of platelets, imbalance of coagulation-fibrinolysis system, and eventually lead to
atherosclerosis in the arteries and the occurrence of CHD [24, 25]. There is also evidence
suggesting that there was a positive correlation
between Hcy and the degree of coronary artery
lesions [26]. Previously, it was reported that
chronic inflammation was vital in the formation
of atherosclerotic plaques [27]. NLR, a novel
indicator of inflammation, was reported in a
study that the elevation of myocardial injury
markers in the low NLR group was lower than
that in the high NLR group of patients with coronary artery disease undergoing PCI, and further
a positive correlation was identified between
NLR and CK-MB [17]. Also, research suggests
that NLR can be used as an evaluation indicator for the long-term prognosis of patients with
acute coronary syndrome after PCI [28], and is
essential in the occurrence and development
of other heart diseases [29-31]. Ticagrelor
plays a certain anti-inflammatory role in the
human body and promotes the release of adenosine, which, by binding to receptors, can
facilitate carbon monoxide to act on coronary
arteries and dilate them [32]. This study showed
Int J Clin Exp Med 2020;13(10):7936-7942
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Table 4. Comparison of cardiac function indexes before and after PCI treatment ( x ± sd)
Group
Before treatment
Observation group (n=64)
Control group (n=63)
After treatment
Observation group (n=64)
Control group (n=63)

LVEF (%)

LVESD (mm)

LVEDD (mm)

LADD (mm)

34.62±8.56
34.94±8.78

42.98±10.72
43.06±10.95

52.63±16.02
53.02±16.15

42.65±10.54
42.78±10.98

47.32±12.32***,###
41.21±9.69**

33.98±7.62***,###
37.49±9.01***

40.06±7.62***,###
45.78±10.32***

30.82±7.89***,##
35.69±8.23**

Note: Compared with the same group before treatment, **P<0.01; ***P<0.001; Compared with the control group after treatment, ##P<0.01; ###P<0.001. LVEF: left ventricular ejection fraction; LVESD: left ventricular end-systolic diameter; LVEDD: left
ventricular end-diastolic diameter; LADD: left atrial diameter.

Table 5. Comparison of incidence of adverse events (n, %)
Observation
Control
χ2
P
group (n=64) group (n=63)
Number of cases
64
63
Malignant arrhythmia
1 (1.56)
1 (1.59)
Myocardial infarction occurs again
1 (1.56)
2 (3.17)
Sudden cardiac death
1 (1.56)
4 (6.35)
Intractable angina
2 (3.13)
6 (9.52)
Total number of cases
5 (7.81)
13 (20.63) 4.291 0.032
Group

that the anticoagulant therapy composed of
ticagrelor and aspirin reduced the Hcy level and
NLR, which may be related to the anti-inflammatory effect and potent anticoagulant and
anti-platelet aggregation of ticagrelor to prevent thrombosis. Further study revealed that
Hcy was positively associated with NLR. Similar
to our findings, previous studies showed that
the higher the NLR, the more serious the coronary artery disease was [17], and there was a
positive correlation between Hcy and the
degree of coronary artery disease [26], which
confirmed a positive correlation between NLR
and Hcy.
By reviewing previous studies, we found that
the NLR of patients undergoing PCI was negatively correlated with LVEF [17]. Another study
suggested that NLR was significantly increased
in patients with acute coronary syndrome when
the LVEF value was less than 50%, suggesting
that the higher the NLR level, the more severe
the myocardial injury, the decreased cardiac
function, and the more prone to the left ventricular dysfunction. In this study, the improvement of left ventricular function in patients
treated with ticagrelor was superior to those
treated with clopidogrel, which may be related to ticagrelor’s anti-inflammatory effect to
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reduce NLR and improve
left ventricular function
of patients.

According to some researches, monitoring the
NLR of patients with
acute coronary syndrome can predict their
long-term prognosis and
the occurrence of adverse events. The lower
the NLR, the better the prognosis is and the
lower the incidence of adverse events [33].
Studies have shown that when the NLR value is
3.39, it predicts the 2-year all-cause mortality
and the incidence of adverse events in patients
with acute coronary syndrome with a sensitivity
of 70% and a specificity of 77% [34]. Another
study showed that NLR can also predict allcause mortality and cardiogenic death after
PCI in patients with stable coronary artery disease [35]. In this study, the incidence of adverse events in patients treated with ticagrelor
combined with aspirin after PCI was lower than
that intervened by clopidogrel and aspirin,
which was related to the ticagrelor-induced
reduction of NLR and the resulting decline of
incidence of adverse events in patients.
Deficiency and prospect: As a single-center
study with a small sample size, this study can
be further expanded by multicenter randomized controlled trial in future studies. In addition, the short follow-up time in this study can
be further increased to observe the 2-year allcause mortality of patients and the incidence
of adverse events.
To sum up, ticagrelor combined with aspirin
exert marked effects on patients undergoing
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PCI, and can reduce Hcy and NLR, improve left
ventricular function with a low incidence of
adverse events, which is worthy of clinical
promotion.
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