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Abstract. To investigate the efficacy of simvastatin on carotid 
atherosclerotic plaque (CAP) and its effects on serum inflam‑
matory factors and cardiocerebrovascular events in elderly 
patients, 130 elderly patients with CAP were randomly divided 
into observation (n=65) and control groups (n=65). The control 
group was treated with 75  mg/day aspirin enteric‑coated 
tablets, and the observation group was administered additional 
20 mg/day simvastatin. Serum total cholesterol, triglyceride, 
and high‑ and low‑density lipoprotein cholesterol levels (evalu‑
ated via the endpoint method) were determined in both groups. 
Furthermore, the length, thickness and number of CAPs was 
measured using color Doppler ultrasonography. In addition, 
levels of inflammatory biomarkers including high‑sensitivity 
C‑reactive protein (hs‑CRP), tumor necrosis factor‑α (TNF‑α), 
interleukin‑6 (IL‑6), nitric oxide, D‑dimer and fibrinogen, as 
well as change in microemboli count, were also compared 
After treatment, the observation group exhibited a signifi‑
cant reduction in size, thickness, and number of CAP and 
intima‑media thickness compared with before treatment. 
However, no significant difference was found in the indica‑
tors of CAPs in the control group before and after treatment. 
The levels of total cholesterol, triglyceride, and low‑density 
lipid cholesterol decreased, while high‑density lipid choles‑
terol increased in the observation group after treatment, with 
notable changes in the observation group compared with in the 
control group. Overall response rate was higher in the obser‑
vation group compared with the control group. TNF‑α, IL‑6, 
and hs‑CRP levels in the observation group decreased after 

treatment compared with those before treatment and those in 
the control group. Furthermore, the rate of microemboli posi‑
tivity was lower in the observation group than in the control 
group. Moreover, the overall incidence of acute cardiocerebro‑
vascular events was lower in the observation group than in the 
control group. Therefore, it was demonstrated that simvastatin 
can reduce blood lipid levels, decrease the quantity and size of 
plaques, alleviate inflammatory response, reduce microemboli 
formation and reduce the risk of cardiocerebrovascular events 
in elderly patients with CAP.

Introduction

Atherosclerosis primarily refers to the deposition of fatty 
streaks and lipid spots in large elastic arteries, including 
medium‑sized elastic arteries (cerebral and coronary arteries) 
and aortas in the blood circulatory system, which results in 
the development of fibrous atherosclerotic plaque and athero‑
matous lesions. Some of these changes may deteriorate the 
elasticity of the arterial wall, block the lumen and induce cardi‑
ocerebrovascular diseases, such as coronary heart disease and 
cerebral infarction (CI)  (1). Carotid atherosclerotic plaque 
(CAP) is an independent risk factor for cardiocerebrovascular 
events (2). Chen et al (3) observed atherosclerosis in patients 
with CI using high‑resolution MRI, and the results showed 
that the proportion of severe stenosis of offending vessels and 
plaque load in patients with recurrent CI were higher than 
those in patients with primary CI; logistic regression analysis 
also showed that severe lumen stenosis was a risk factor for 
the recurrence of CI. Tang and Luo (4) pointed out that the 
incidence of moderate carotid artery stenosis, plaque detection 
rate, and incidence of soft plaques in patients with myocardial 
infarction and hypertension were higher than those in the 
control group without myocardial infarction and hypertension, 
and the degree of carotid atherosclerotic vascular stenosis and 
plaque stability can reflect the risk of cardiovascular disease in 
patients to a certain extent, thus the degree of carotid athero‑
sclerosis can be used as a predictor of cardiovascular diseases, 
including myocardial infarction. Therefore, early diagnosis 
and treatment of atherosclerotic plaques via promotive and 

Efficacy of simvastatin on carotid atherosclerotic plaque 
and its effects on serum inflammatory factors and 
cardiocerebrovascular events in elderly patients

HUALI ZHANG1,  MIN JIANG2,  HONG HOU3  and  QIN LI4

1Department of Geriatrics, Gansu Institute of Traditional Chinese Medicine, Gansu Provincial Hospital of 
Traditional Chinese Medicine, Lanzhou, Gansu 730050; 2Department of Nephropathy, People's Hospital of Wuwei, 

Wuwei, Gansu 733000; 3ECG Room, Xi'an no. 3 Hospital, Xi'an, Shaanxi 710008; 4Department of Geriatrics, 
Baoji City People's Hospital, Baoji, Shaanxi 721000, P.R. China

Received September 17, 2019;  Accepted March 18, 2021

DOI: 10.3892/etm.2021.10251

Correspondence to: Mrs. Qin Li, Department of Geriatrics, Baoji 
City People's Hospital, 24 Xinhua Lane, Jinger Road, Weibin, Baoji, 
Shaanxi 721000, P.R. China
E‑mail: liiiqin@163.com

Key words: simvastatin, carotid atherosclerotic plaque, serum 
inflammatory factor, cardiocerebrovascular event, microemboli



ZHANG et al:  EFFECT OF SIMVASTATIN ON CAROTID ATHEROSCLEROTIC PLAQUE2

effective measures are clinically significant in preventing the 
development of severe cardiocerebrovascular diseases.

Previous studies have revealed that regular oral administra‑
tion of lipid‑lowering agents, such as statins, effectively reduces 
blood lipid levels, and consequently, the incidence of cardioce‑
rebrovascular events in patients with CAP (5). Simvastatin is 
commonly used in clinical practice to lower blood lipid levels, 
improve vascular endothelial function and stabilize atheroscle‑
rotic plaques in patients with hyperlipidemia (6). Zhang et al (7) 
found that the effective rate of simvastatin in the treatment of 
patients with atherosclerosis was 89.80%, which was equivalent 
to that of atorvastatin calcium, but that the serum high‑sensi‑
tivity C‑reactive protein (hs‑CPR), carotid  intima‑media 
thickness (IMT), cystatin C, triglyceride (TG), total cholesterol 
(TC) and low‑density lipid cholesterol (LDL‑C) in simvastatin 
group were significantly lower than those in the atorvastatin 
calcium group, suggesting that simvastatin has a significant 
effect on patients with atherosclerosis. Compared with other 
statins, simvastatin is primarily characterized by mild adverse 
reactions and better tolerance in patients. To further validate 
the therapeutic effect of simvastatin on CAP, the present study 
was designed to investigate the efficacy of simvastatin in the 
treatment of elderly patients with carotid atherosclerosis, and to 
further observe the effect of simvastatin on serum inflammatory 
factors and cardiocerebrovascular events.

Materials and methods

General characteristics. A total of 130 elderly patients diag‑
nosed with CAP in the outpatient department of Baoji City 
People's Hospital (Baoji, China) were included. The inclusion 
criteria were as follows: i) Patients with soft CAP as evidenced 
by carotid artery color Doppler ultrasound, with <70% arterial 
luminal stenosis; ii) those who met the diagnostic standards 
for CAP revised by the Fourth National Academic Conference 
for Cerebrovascular Diseases (8); iii) those who were willing 
to follow the doctor's advice and adhere to long‑term medica‑
tion without drop‑out cases midway; and iv) those who signed 
informed consent and volunteered to participate in the present 
study. Patients with the following conditions were excluded: 
i) Previous treatment using statins or other lipid‑lowering 
agents 1 month before enrollment in the study; ii)  severe 
carotid stenosis with a carotid stenosis rate of >70%; iii) statin 
allergy, uncontrolled hypertension, familial hypercholester‑
olemia or secondary hypercholesterolemia; iv)  infectious 
diseases, severe gastrointestinal (GI) diseases, or history of GI 
surgery that may affect drug absorption; v) severe liver and 
kidney dysfunction or heart failure; and vi) malignant tumors 
or bleeding within plaques. The present study was approved by 
the Medical Ethics Committee of Baoji City People's Hospital 
(Baoji, China). Patients were randomly divided into control 
and observation groups (n=65 per group).

Treatment plan. Functional indicators of the heart, liver, and 
kidney were measured for each patient before enrollment. If 
necessary, antihypertensive and hypoglycemic agents were 
administered to patients, and dietary therapy was administered 
to control blood lipid levels. In the present study, the control 
group was administered 75 mg oral aspirin enteric‑coated 
tablets daily (Harbin Tiandi Pharmaceutical Co., Ltd.; 

National Medicine Permission no. H23023503; drug specifica‑
tion, 0.25 g) and, based on the treatment administered to the 
control group, the observation group was administered addi‑
tional 20 mg oral simvastatin tablets every night (Shanghai 
Xinyi Wanxiang Pharmaceutical Co., Ltd.; National Medicine 
Permission no. H19980174; drug specification, 5 mg). Both 
groups were treated continuously for 12 months.

Outcome measurements
Determination of blood lipid. In total, 5 ml fasting venous 
blood in the early morning was collected from all patients 
before and 12 months after treatment. TC and TG levels were 
determined using the oxidase method; high‑density lipid 
cholesterol (HDL‑C) and LDL‑C levels were determined 
using the endpoint method.

Detection of carotid ultrasound indexes. The shape and 
internal echo of the bilateral common carotid, internal 
carotid, external carotid and vertebral arteries, as well as 
the length, thickness (IMT) and number of arterial plaques 
were measured and compared before and 12 months after 
treatment using HPSONOS‑5500 color ultrasound Doppler 
instrument (Hewlett‑Packard) with high‑frequency L‑7540 
probes at a frequency of 4‑100 mHz. The transverse and longi‑
tudinal ultrasound imaging of the common carotid artery and 
the posterior wall of the common carotid artery is shown as 
two parallel lines separated by lower echo, and the distance 
between the two lines was recorded as IMT. The image 1 cm 
below the carotid sinus was frozen and measured 5  times 
in total, and the average value of the left and right side of 
10 measurements was recorded as the final IMT.

The criteria for efficacy evaluation were as follows (9). 
Significant response, ≥90% plaque reduction or shrinkage 
or disappearance; response, 30‑89% plaque reduction or 
shrinkage; non‑response, <30% plaque reduction or shrinkage 
or occurrence of cardiocerebrovascular events. Overall response 
rate (ORR)=(significant response + response)/65x100%.

Measurement of inflammatory factors. Additionally, 3 ml 
fasting venous blood before and 12 months after treatment 
was collected from all patients, and serum was separated by 
centrifugation at 1,000 x g for 5 min at 4˚C. hs‑CRP, tumor 
necrosis factor‑α (TNF‑α) and interleukin‑6 (IL‑6) levels 
were determined using enzyme‑linked immunosorbent assay 
(ELISA) kits (R&D Systems, Inc.) of hs‑CRP (cat. no. 2119), 
TNF‑α (cat. no. 1576), and IL‑6 (cat. no. 3166). All operations 
strictly followed the manufacturer's instructions.

Detection of nitric oxide (NO), D‑dimer and fibrinogen. 
5 ml venous blood before and 12 months after treatment was 
collected from all patients. NO level was determined using 
an ELISA kit (cat. no. 7945; Roche Diagnostics), and plasma 
D‑dimer and fibrinogen levels were determined using thrombin 
turbidimetry with a Sysmex CA‑7000 automatic coagulation 
analyzer (Sysmex Shanghai Ltd.) with default parameters. All 
operations strictly followed the manufacturer's instructions.

Detection of microemboli. The inspection instrument used 
was Multi‑Dop X4 TCD instrument (DWL) with 2‑MHz pulse 
wave‑measuring probes. Patients were informed to maintain 
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the supine position, and the probes were placed on both sides 
of their head to obtain the optimal blood flow signal of the 
middle cerebral artery. The parameters were set to 45‑38 mm 
in depth, 5 mm in spacing and 8 ml in volume. After monitoring 
for 30 min, the spectrum and audio frequency of microemboli 
were analyzed using transcranial Doppler emboli detection 
software (version 8.00) (DWL). The diagnostic criteria for 
positive microemboli included the following: i)  duration 
<300 ms; ii) ≥6 dB of signal intensity higher than background 
Doppler blood flow spectrum; iii) single‑phase microembolic 
signal and above the baseline; iv) a ‘tweet’‑like audio signal; 
and v) random appearance during the cardiac cycle.

Record of cardiocerebrovascular events. The incidence of 
cardiocerebrovascular events during treatment was recorded. 
The data were collected during the treatment period, which 
was the incidence during 12 months of continuous treatment.

Statistical analysis. Data were analyzed using SPSS 23.0 
(IBM Corp.). The mean between the two groups was compared 
using two independent samples t‑test, and paired t‑test was 
used to compare the mean before and after intervention 
within the same group. A mixed two‑way ANOVA followed 
by Bonferroni's correction was used for within‑group and 
between‑group comparisons. Numerical data are presented as 
rates or percentages and analyzed using the χ2 test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Comparison of baseline data between the two groups. No 
significant differences were found in terms of sex, age, primary 
diseases and original medication between the two groups, 
indicating comparability between them (P>0.05; Table I).

Simvastatin improves CAP in elderly patients. Before treat‑
ment, there was no statistically significant difference in the size, 
thickness, and number of CAP and IMT between the two groups 
(P>0.05). In the observation group, intragroup comparison 
showed that the size (P<0.01), thickness (P<0.001), and number 
of CAP (P<0.05) and IMT (P<0.001) significantly decreased 
after treatment, compared with before treatment. However, no 
significant differences were noted in these indices in the intra‑
group comparison of the control group before and after treatment, 
suggesting that simvastatin improved CAP in elderly patients in 
terms of the size and thickness of CAP and IMT (Fig. 1).

Simvastatin improves blood lipid levels in elderly patients 
with CAP. Intragroup comparison of the observation group 
revealed that TC, TG and LDL‑C levels significantly 
decreased, and HDL‑C level significantly increased after treat‑
ment compared with before treatment (P<0.001). However, 
no significant differences were found in these indices in the 
intragroup comparison of the control group before and after 
treatment. These results suggested that simvastatin improved 
blood lipid levels in elderly patients with CAP (Fig. 2).

Clinical efficacy. ORR of the observation group was 93.85%, 
which was significantly higher than that of the control group 
(80.00%; P<0.05), suggesting that simvastatin improved the 
characteristics of the indices of arterial plaques in elderly 
patients with CAP (Table II).

Simvastatin reduces serum inflammatory factor levels in 
elderly patients with CAP. Intergroup comparison revealed no 
significant differences in TNF‑α, IL‑6 and hs‑CRP levels before 
treatment (P>0.05). Intragroup comparison of both groups 
indicated that TNF‑α, IL‑6 and hs‑CRP levels significantly 
decreased after treatment compared with before treatment 
(P<0.001). Intergroup comparison after treatment revealed that 
TNF‑α, IL‑6 and hs‑CRP levels were significantly lower in the 
observation group than in the control group (P<0.001). These 
results indicate that simvastatin reduces inflammatory factor 
levels in elderly patients with CAP (Fig. 3).

Simvastatin increases NO levels and decreases D‑dimer 
and fibrinogen levels in elderly patients with CAP. Before 
treatment, there was no statistically significant difference in 
NO, D‑dimer, and fibrinogen levels between the two groups 
(P>0.05). Intragroup comparison of the observation group 
revealed that NO level significantly increased (P<0.001), and 
D‑dimer (P<0.001) and fibrinogen (P<0.05) levels significantly 
decreased after treatment compared with before treatment 
(P<0.05). However, no significant differences were noted in 
terms of NO, D‑dimer and fibrinogen levels in the control 
group before and after treatment (P>0.05), suggesting that 
simvastatin improves NO, D‑dimer and fibrinogen levels in 
elderly patients with CAP (Fig. 4).

Simvastatin reduces microemboli formation in elderly 
patients with CAP. The rate of microemboli positivity in the 
observation group after treatment was significantly lower 
than that before treatment and in the control group (P<0.01), 

Table I. Comparison of general data between the observation (n=65) and control (n=65) groups.

			   Original medication
	 Sex	 Primary disease	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
		  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Mean age	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑		  Calcium			   Nitrate
Group	 M	 F	 (years)	 CHD	 Hypertension	 Diabetes	 CI	 Aspirin	 antagonist	 ACEI	 β‑Blocker	 ester

Observation 	 35	 30	 74.71±5.12	 17	 22	 15	 20	 16	 15	 21	 20	 28
Control 	 37	 28	 73.88±5.86	 20	 24	 13	 18	 17	 13	 23	 17	 25

Date are expressed as mean ± SD or n. ACEI, angiotensin‑converting enzyme inhibitor; CHD, coronary heart disease; CI, cerebral infarction.
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suggesting that simvastatin reduced microemboli formation in 
elderly patients with CAP (Table III).

Simvastatin reduces the incidence of acute cardiocerebrovas‑
cular events in elderly patients with CAP. The incidence of 
acute cardiocerebrovascular events was significantly lower in the 
observation group than in the control group (P<0.01), suggesting 
that simvastatin reduces the incidence of acute cardiocerebro‑
vascular events in elderly patients with CAP (Table IV).

Discussion

Atherosclerosis is a chronic systemic disease commonly found 
in the medium‑aged and elderly population, and it is reported 
that the detection rate of atherosclerosis in individuals aged 
40‑49 years is 58.36%, and its incidence increases with age (10). 
Carotid arteries, including bilateral common carotid arteries, 
bifurcation of the common carotid artery and extracranial 
segment of the internal carotid artery, are the common sites 

Figure 2. Comparison of blood lipid levels before and after treatment in the two groups. ***P<0.001 vs. before treatment; ###P<0.001 vs. control group after treatment. 
TC, total cholesterol; TG, triglyceride; HDL‑C, high‑density lipid cholesterol; LDL‑C, low‑density lipid cholesterol. (A) TC; (B) TG; (C) HDL‑C; (D) LDL‑C.

Figure 1. Comparison of color Doppler ultrasound indicators of the carotid artery before and after treatment in the two groups. (A) Plaque size; (B) plaque thickness; 
(C) number of plaques; and (D) intima thickness.*P<0.05, **P<0.01, ***P<0.001 vs. before treatment; #P<0.05, ##P<0.01, ###P<0.001 vs. control group after treatment.
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Figure 3. Comparison of serum inflammatory factors between the two groups (mean ± SD). ***P<0.001 vs. before treatment; ###P<0.001 vs. control group after 
treatment. TNF‑α, tumor necrosis factor‑α; IL‑6, interleukin‑6; hs‑CRP, high‑sensitivity C‑reactive protein. (A) TNF‑α; (B) IL‑6; (C) hs‑CRP.

Figure 4. Comparison of serum nitric oxide, D‑dimer, and fibrinogen levels between the two groups. (A) NO; (B) DD; (C) Fib. (mean ± SD). *P<0.05, 
***P<0.001 vs. before treatment; #P<0.05, ###P<0.001 vs. control group after treatment. NO, nitric oxide; Fib, fibrinogen; DD, D‑dimer.

Table II. Comparison of clinical efficacy between the observation (n=65) and control (n=65) groups.

Group	 Significant response	 Response	 Non‑response	 Overall response rate

Control group	 30 (46.15)	 22 (33.85)	 13 (20.00)	 52 (80.00)
Observation group	 36 (55.38)	 25 (38.46)	 4 (6.15)	 61 (93.85)a

Data are expressed as n (%). aP<0.05 vs. the control group after treatment.



ZHANG et al:  EFFECT OF SIMVASTATIN ON CAROTID ATHEROSCLEROTIC PLAQUE6

involved in atherosclerosis; furthermore IMT of ≥1.3 mm at any 
site is defined as a plaque, which can result in carotid stenosis 
and affects peripheral blood supply, causing adverse cardiocere‑
brovascular events (11). Factors responsible for CAP formation 
are complicated, and CAP is generally believed to be attributed 
to varying pathogeneses. The recognized mechanisms include 
mechanical (such as hypertension and carotid pulse pressure), 
inflammatory and physicochemical) factors (including lipid 
metabolism disorders and elevated fibrinogen) (12). An elevated 
cholesterol level caused by impaired lipid metabolism is 
considered the initiating factor for atherosclerosis, and chronic 
inflammation is critical for its continuous development (13). 
Therefore, regulating lipids, reducing the inflammatory response 
and decreasing fibrinogen levels may be key in improving 
disease‑related symptoms and prognostic outcomes during the 
treatment of elderly patients with CAP.

Simvastatin is a member of the statin family. Numerous 
animal experiments and clinical trials have reported that statins 
have potent anti‑atherosclerotic effects, and the underlying 
mechanisms may involve lipid‑regulation and lipid‑lowering 
effects, antiplatelet aggregation and thrombosis, maintenance 
of plaques, and improvement of endothelial function (5,14,15). 
During lipid lowering, simvastatin effectively reduces the 
TC concentration in the blood and prevent lipid production, 
including TC, TG and LDL production, by lowering the 
reductase level of hydroxymethylglutaryl coenzyme A and 
blocking cholesterol synthesis (16). Relevant basic experiments 
and clinical studies have confirmed that simvastatin effectively 
reduces and eliminates CAPs, and consequently decreases the 

incidence of acute cardiocerebrovascular events to improve the 
prognosis of patients (17). In addition, simvastatin exhibits an 
anti‑inflammatory effect primarilu via mechanisms such as 
reduction of inflammatory infiltrating cell count, inhibition of 
adhesion molecule function on isopentenylated G protein and 
integrin, and reduction of CRP level (18). Currently, simvas‑
tatin is widely used in the clinical treatment of diseases such as 
cardiocerebrovascular diseases, atherosclerosis and myocardial 
ischemia (19). In the present study, the clinical control design 
was used to compare the effects of conventional therapy vs. 
simvastatin on CAP in elderly patients. The results indicated 
that the size, thickness and number of CAP and IMT were 
significantly decreased, TC, TG and LDL‑C levels were signifi‑
cantly decreased, and HDL‑C level was significantly increased 
in the observation group after treatment, compared with those 
in the control group. Furthermore, simvastatin treatment can 
reduce the size and number of CAPs with its lipid‑lowering 
effect, thus producing a definite effect on CAP.

Chronic inflammatory response is one of the major mecha‑
nisms involved in carotid atherosclerosis in the elderly. After 
vascular endothelial injury, inflammatory response occurs in 
the vascular wall resulting in the production of various adhe‑
sion molecules and increased inflammatory factors such as 
TNF‑α, IL‑6 and CRP. TNF‑α and IL‑6, among other inflam‑
matory factors, enhance the local inflammatory response, 
resulting in plaque complications and decreased stability (20). 
Unstable plaques are more prone to breakage, shedding and 
metastasis, causing vascular embolization at the distal end 
and increasing the risk of cardiocerebrovascular events (21). 
CRP binds lipoproteins to activate the complement system 
and produce aggressive complexes by binding to ligands 
(apoptotic and necrotic cells, or phosphocholine of invading 
pathogens) and terminal protein C, which can induce vascular 
damage (22). In addition, CRP may enhance the inflamma‑
tory response and aggravate vascular inflammation damage. 
Detection of hs‑CRP is more sensitive than that of CRP, 
allowing the determination of even low concentrations of CRP 
(0.1‑10 mg/l) (22). Prior evidence (23) supports that patients 
with diabetes with hs‑CRP level of ≥2 mg/l are more likely to 
develop carotid atherosclerosis, and hs‑CRP level was associ‑
ated with the progression of carotid atherosclerosis and plaque 
count. In the current study, inflammatory factors (TNF‑α, 
IL‑6 and hs‑CRP) levels decreased in the observation group 
after treatment, suggesting that simvastatin reduced serum 
inflammatory factor levels and consequently the inflammatory 
response in elderly patients with CAP.

NO is a commonly used indicator for vascular endothelial 
function and is a vasodilator. Decreased NO level is associ‑
ated with the degree of vascular endothelial cell injury (24). 
D‑Dimer is one of the fibrin degradation products, which may 
be elevated due to coagulation dysfunction and microthrom‑
bosis (25). In addition, fibrinogen is one of the independent 
predictors of atherosclerosis and is primarily produced in 
the liver. Fibrinogen promotes platelet aggregation and 
thrombosis, which serves an important role in atherosclerotic 
lesion formation, and is associated with disease severity (26). 
The present study demonstrated that increased NO level and 
decreased D‑dimer and fibrinogen levels in the observation 
group were more significant than those in the control group. 
Further, the decreased rate of microemboli positivity in the 

Table III. Comparison of microemboli count between the 
observation (n=65) and control (n=65) groups.

	 Before	 After
	 treatment	 treatment
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 n	 %	 n	 %

Control group	 27	 41.54	 20	 30.77
Observation group	 25	 38.46	 6	 9.23a,b

Data are expressed as mean ± SD, %. aP<0.001 vs. before treatment; 
bP<0.01 vs. the control group after treatment.

Table IV. Comparison of acute cardiocerebrovascular events 
between the observation (n=65) and control (n=65) groups.

	 Observation 	 Control
Outcomes	 group	 group	 P‑value

All‑cause death	 (0)	 2 (3.08)	 >0.01
Myocardial infarction	 1 (1.54)	 6 (9.23)	 <0.01
Stroke	 1 (1.54)	 6 (9.23)	 <0.01
Overall incidence of acute
cardiocerebrovascular events	 2 (3.08)	 14 (21.54)	 <0.01

Data are expressed as n (%).
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observation group was more notable than that in the control 
group after treatment. The aforementioned findings support 
that simvastatin improves serum NO level, protects vascular 
endothelium and reduces serum D‑dimer and fibrinogen 
levels, which consequently improves blood coagulation status 
and eliminates microemboli.

Carotid atherosclerosis is the most critical risk factor 
for cardiocerebrovascular events and is an important index 
reflecting systemic arteriosclerosis due to the superficial loca‑
tion of the carotid artery and easy identification of CAP (27). 
A prospective cohort study showed that the incidences of 
all‑cause death and cardiocerebrovascular events in patients 
with CAP were 5.50 and 3.80%, respectively, which were 
higher than those in the non‑plaque group (1.50 and 1.40%, 
respectively)  (28). A Cox proportional hazard regression 
model determined that CAP was an independent risk factor 
for all‑cause death and cardiocerebrovascular events with 
95% confidence intervals of (1.160‑2.395) and (1.312‑2.876), 
respectively (28). The present study showed that the incidences 
of acute cardiocerebrovascular events were lower in the obser‑
vation group than in the control group following treatment, 
indicating that simvastatin can prevent the development of 
acute cardiocerebrovascular events. This is possibly attributed 
to the multiple mechanisms of simvastatin in regulating lipids, 
reducing inflammatory response, eliminating microemboli, 
protecting vascular endothelium and improving blood coagu‑
lation status, thus facilitating the reduction of mortality and 
prevention of acute heart and brain events.

In summary, continuous use of statins may stabilize and 
dissolve CAPs in elderly patients and reduce acute cardio‑
cerebrovascular events by lowering blood lipid levels. It was 
demonstrated that simvastatin reduces blood lipid levels, 
number and size of plaques, the inflammatory response, micro‑
emboli formation in elderly patients with CAP and the risk 
of cardiovascular events, which is the primary novelty of this 
study. The present findings suggest that simvastatin treatment 
for elderly patients with atherosclerotic plaque can effectively 
reduce the risk of cardiocerebrovascular events. The present 
study was a preliminary efficacy study, and only the changes 
in the levels of inflammatory factors and other indicators 
between the two groups were preliminarily observed. Whether 
there is correlation between factors, and whether simvastatin 
primarily functions through that signaling pathway was not 
included in the present study, and the specific signaling path‑
ways mediated by these factors are still unknown. In addition, 
the observation time was set to 1 year, and the research time 
is relatively short. In future studies, the research time should 
be increased, and the main pathway of its function should be 
detected. Part of the study on the mechanism is conjecture, 
and the correctness of the aforementioned hypotheses should 
be verified in a multi‑center study with and expanded sample 
size and a prolonged observation time.
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