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Objective: To explore whether current smoking could influence plaque characteristics and 
determine its correlation to the irregular surface and calcification of carotid plaque.
Methods: Three hundred and seventeen patients with severe carotid atherosclerosis stenosis 
(SCAS) detected by color duplex flow imaging (CDFI) and confirmed by CT angiography 
(CTA) were recruited. The results of laboratory parameters were collected by using electro
nic database of the hospital. Computerized tomography (CT) scanning and high-resolution 
ultrasonography were performed for assessment of plaque morphology, respectively.
Results: All enrolled smokers and non-smokers had no significant difference among all 
characteristics not related to smoking. CT scanning could efficiently identify the difference 
among enrolled smokers and non-smokers not only for the characteristics related to smoking 
but also the onsets of carotid plaque. Surface morphology was also efficiently detected by 
ultrasonography. Further ridge trace analysis showed that ultrasonography is efficient for 
diagnosis of calcified plaque compared with gold standard for plaque diagnosis. Further 
correlation analysis showed that ultrasonography parameters could offer reliable evidence for 
plaque scores, which was associated with age index. Ultrasonography parameters could 
efficiently differentiate plaque morphologies among enrolled smokers and never-smokers.
Conclusion: Current smoking was positively associated with plaque calcification onsets, 
and smoking cessation could efficiently attenuate such injury. High-frequency ultrasound can 
clearly distinguish the details of calcification with promising clinical significance for current 
smoking patients.
Keywords: smoking, ultrasonography, carotid plaque, calcification

Introduction
Plaque calcification is negatively related with the prognosis of atherosclerosis, 
which is associated with multiple adverse cardiovascular events. Plenty of clinical 
evidence has proven that carotid calcification accelerated and contributed to 
a higher risk of cardiovascular morbidity and mortality in various disease sub- 
population, including coronary disease, hypertension, diabetes mellitus and chronic 
kidney disease.1 In addition, carotid plaque calcification is an independent predictor 
of carotid calcification and long-term adverse vascular events, and it has been 
widely proven that carotid plaque calcification are associated with plaque progres
sion and vulnerability. Epidemiologic studies demonstrated that the prevalence of 
carotid plaque calcification or irregular surface in the general population is nearly 
60% for women and 70% for men aged from 41 to 80 years.2,3 Moreover, in the 
high-risk sub-population, this rate increased dramatically and caused various 
adverse prognosis, for example, 81% of diabetes mellitus patients suffer from 
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plaque calcification while almost all end-stage renal dis
ease patients were diagnosed with carotid calcification.4,5

Considering irregular surface and calcification of car
otid plaque are associated with long-term comorbidities 
and clinical prognosis, measurement for calcification of 
carotid plaque has been increasingly used to enable 
accurate cardiovascular risk assessments of these 
patients. It is originally described and reported that ultra
sonography could be used for diagnosing bone-like 
artery wall morphologies, then resigned to a passive 
side-effect of aging,6 VC has reemerged as a tightly 
regulated, complex disease, resembling that of bone 
mineralization.7 Moreover, there are 2 main types of 
carotid plaque: atherosclerosis-associated intimal or dia
betes mellitus and CKD-associated medial calcification, 
while it has been reported that both types of plaque are 
associated with unhealthy lifestyles.8–10 In addition, 
researchers have demonstrated that some factors even 
directly influenced deposition of calcium phosphate 
hydroxyapatite crystals into the extracellular matrix.11,12

Smoking is a normal unhealthy lifestyle and risk factor, 
especially in male population. China remains both the 
world’s largest producer and consumer of tobacco products 
with an estimated smoking population of 350 million 
people.13 Recent study has demonstrated that smoking is 
associated with vascular injury and atherosclerosis 
progression.14,15 Furthermore, the rate of carotid plaque 
seemed to be higher in the smoking-habit population, but 
the efficient diagnosis method warranted more clinical evi
dence. On the other hand, it is unclear whether smoking 
cessation could attenuate calcification of carotid plaque.

The present study is aimed to explore the detailed diag
nosis effect of combination between traditional CT and 
ultrasonography and determine the effect of current smoking 
and smoking cessation on calcification of carotid plaque.

Methods
Patients Recruitment
Three hundred and seventeen patients with severe carotid 
atherosclerosis stenosis (SCAS) detected by color duplex 
flow imaging (CDFI) and confirmed by CT angiography 
(CTA) were recruited in this study. Patients were divided 
into calcified plaque or non-calcified plaque according to 
CTA imaging of SCAS-responsible plaque and the char
acteristics of plaques evaluated by high frequency 
ultrasound.

Our clinical study recruited patients from clinical data
base,  which is  l is ted at  www.clinicaltr ials .gov 
(NCT02306616). This study is approved by the ethics com
mittee of Xuanwu Hospital, Capital Medical University 
(No.2014018). Written informed consent was obtained.

The SCAS is defined for study inclusion according to 
the recommended diagnostic criteria of the SCAS diagno
sis criteria issued by the Chinese Society of Cardiology.16 

In detail, patients were enrolled in the study if they ful
filled the following criteria: (1) carotid atherosclerosis 
diagnosis by CTA, and (2) treatment with stent 
deployment.

The exclusion criteria are as follows: (1) patients who 
did not have stent deployment or had undergone surgical 
revascularization procedures or had undergone biodegrad
able stent implantation, (2) patients who had serum crea
tinine higher than 2.0 mg/dL, (3) patients who had 
atherosclerosis lesion, (4) pump failure Killip I grade, (5) 
on dialysis or end stage kidney disease.

Data Collection
The results of laboratory parameters were collected using 
electronic database of the hospital. For parameters except 
for lipid profile and glucose levels, reports of admission 
blood samples were used. For lipid profile, the results of 
fasting blood samples collected within the 24-h of hospi
talization were used. Total cholesterol, HDL-C and trigly
ceride levels were measured enzymatically (Architect 
c-Systems, Abbott, IL) and LDL-C levels were measured 
from these lipid parameters with Friedewald formula. 
Complete blood count (CBC) testing utilized clinical 
laboratory methods (Coulter LH 780 Hematology 
Analyzer, Beckman Coulter Ireland Inc., Mervue, 
Galway, Ireland) for hemoglobin.

CT Scanning for Calcified Plaque
Computerized tomography (CT) scanning was performed 
using a second-generation, dual-source 64-slice CT scan
ner (Somatom Sensation 64, Siemens, Forchheim, 
Germany). According to the CT plaque image, the subjects 
were divided into calcified plaque group and non-calcified 
plaque group.

High-Resolution Ultrasonography for 
Assessment of Plaque Morphology
Plaque characteristics were evaluated by high frequency 
ultrasound using cine and all the results were recorded. 
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The plaque ultrasonography is obtained by the 3–9MHz 
linear array transducer (Philips EPIQ7, Bothell Everett 
Highway, Washington, USA) or a 4–8MHz micro-convex 
array probe (Hitachi VISION Preirus, HITACHI, Tokyo, 
Japan) and the plaque features include echogenicity, thick
ness, and surface morphology. All high-resolution ultraso
nography examinations were performed by the same 
examiner, experienced in vascular ultrasound for 9 years. 
The examiner was blinded to clinical findings and CT 
results.

Statistical Analysis
All data were presented as a mean ± SD or a median [25th 
and 75th percentile] for parametric variables and as per
centages for categorical variables. Continuous variables 
were checked for the normal distribution assumption 
using Kolmogorov–Smirnov statistics. Ridge trace was 
performed for baseline characteristics of subjects classified 
according to smoking status. Differences between the 
groups were evaluated using Student’s t-test or Mann– 
Whitney U-test as appropriate. Binary logistic regression 
analysis was performed and forward stepwise multivari
able regression models were created to identify the inde
pendent predictors of CIN. Variables with p<0.10 in 
univariable analysis were included in the multivariable 
model. Logistic regression analyses were used to investi
gate the univariable and multivariable predictors with 95% 
confidence intervals (CI). A p value <0.05 was considered 
statistically significant. All statistical studies were carried 

out using Statistical Package for Social Sciences software 
(SPSS 20.0 for Windows, SPSS Inc., Chicago, IL).

Results
Comparison of Baseline Data Between 
Current Smokers and Former Smokers
To establish a baseline database with comprehensive risk 
factors profile, we analyzed more than 20 factors for all 
recruited patients. Compared with former smokers, most 
factors in current smokers group had no significant differ
ence (P>0.05, Table 1), including sex, BMI, hypertension, 
hyperlipidemia, diabetes mellitus, family history of CHD, 
chronic heart failure, chronic kidney failure, OMI, post 
PCI, post CABG, DBp, HR, and HbA1C. All these find
ings suggested that the two groups had a robust compar
ability at baseline for further analysis. On the other hand, 
age, triglyceride, smoking duration (years) and daily 
smoking amount were different in the current smokers 
compared with former smokers, which could be explained 
by the fact that current smokers had an obvious longer 
smoking history than former smokers.

CT Scanning is Efficient for Diagnosis of 
Calcified Plaque
As shown in Table 1, all enrolled smokers and non-smokers 
had no significant difference among all characteristics not 
related to smoking. In addition, characteristics related to 
smoking showed significant difference, including Smoking 
duration (years) and Daily smoking amount. Moreover, CT 

Table 1 Baseline Characteristics of Subjects Classified According to Smoking Status

Demographics Never-Smoker (n=79) Current Smoker (n=144) Former Smoker (n=94) P-value

Age (years) 68±9 64±8 68±8 <0.001

BMI (kg/m2) 25.0±2. 24.7±3.0 25.2±2.9 0.541

Systolic blood pressure (mm Hg) 133.1±14.6 133.3±13.2 136.9±13.9 0.092
Diastolic blood pressure (mm Hg) 77.2±8.8 76.8±8.5 79.6±8.8 0.054

Total cholesterol (mg/dL) 3.6±1.1 3.5±0.8 3.4±0.8 0.298

HDL-cholesterol (mg/dL) 1.3±0.3 1.2±0.4 1.3±0.3 0.974
LDL-cholesterol (mg/dL) 2.1±0.9 2.0±0.7 2.1±0.7 0.944

Triglyceride (mg/dL) 1.9±1.0 1.6±1.1 1.4±0.6 0.031

Glycemia (mmol/L) 6.2±2.2 6.5±2.5 5.8±1.9 0.069
Diabetes mellitus 32/47 57/87 33/61 0.718

Hypertension 56/23 99/45 68/26 0.833

Dyslipidemia 30/49 43/101 33/61 0.433
Smoking duration (years) 0 38±9 27±12 <0.001

Daily smoking amount 0 20.6±11.1 18.5±11.8 <0.001
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scanning could efficiently identify the difference among 
enrolled smokers and non-smokers not only for the charac
teristics related to smoking, but also the irregular surface and 
calcification of carotid plaque (Figure 1).

Ultrasonography Determined Calcified 
Plaque and Other Plaque Morphology
Ultrasonography was performed to determine calcified 
plaque and other plaque morphology. Analysis showed 

Figure 1 Image of irregular surface and calcification of carotid plaque for enrolled smokers and non-smokers, including CT scanning (left panel) and ultrasonography (right 
panel).
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that presence of calcification could be identified by ultra
sonography. In addition, surface morphology was also 
efficiently detected by ultrasonography (Table 2). Further 
ridge trace analysis showed that ultrasonography is effi
cient for diagnosis of calcified plaque compared with gold 
standard for plaque diagnosis (Figure 2). Further correla
tion analysis showed that ultrasonography index could 
offer reliable evidence for plaque scores, which was asso
ciated with age index (Figure 3). Moreover, ultrasonogra
phy index could efficiently differentiate the calcified 
plaque and other plaque morphology among enrolled smo
kers and non-smokers (Figure 3).

Multivariate Regression Analysis of 
Related Risk Factors Between 
Calcification and Plaque Surface 
Morphology
After adjusting the risk factors, current smoking (OR 3.74 
95% 1.2–11.6) is still an independent risk factor for plaque 
calcification, while former smoking (OR 0.336, 95% CI 
0.14–0.78) is an independent prevention factor for plaque 
calcification, which also proves that smoking cessation can 
indeed reduce the formation of calcification. However, 
there was no significant correlation between former smok
ing and plaque surface irregularity. Age is also a risk factor 
for plaque surface irregularity (Table 3).

Discussion
Our study has some important strengths. First, we com
bined the advantages of both CT and ultrasound imaging 
methods to assess plaque calcification. CT is very sensitive 
and accurate for calcification and was used to determine 

calcified plaque. High-frequency ultrasound can clearly 
distinguish the details of calcification and was used to 
observe the location and type of calcification. Second, 
few articles have focused on calcification in the past. In 
the present study, we excluded possible confounding fac
tors as much as possible and found that smoking is a very 
important risk factor for calcification, which was not men
tioned in previous literature. Smoking is an artificially 
controllable risk factor, and the present study provides 
a theoretical basis for advocating smoking cessation.

CT scanning is the gold standard diagnosis modality of 
patients with plaque calcification, especially for ones with 
unhealthy lifestyle.17,18 Smoking has become an important 
predictor for plaque calcification. Prognostic importance 
of plaque calcification has been shown in patients with 
smoking habit, including current smoking and smoking 
history.19 In our study, we mainly focused on the current 
smoking patients with plaque calcification, which has been 
provn as the major group subject to further adverse prog
nosis. In the field of potential mechanisms, oxidative 
stress, inflammation and renal ischemia/reperfusion con
stitute the main pathophysiological mechanisms of plaque 
calcification, while current smoking was proved with more 
risk potential compared with smoking history patients, 
suggesting that smoking cessation could help to reduce 
risk of plaque calcification.20,21 On the other hand, 
impaired plaque calcification is a risk factor for cardiovas
cular diseases and in patients with STEMI, admission 
renal function or worsening during the hospitalization 
has been shown to indicate higher risk for adverse 
events.22,23

Similar with imaging scan for plaque calcification in 
previous reports, in-hospital worsening condition of CT 

Table 2 Carotid Plaque Characteristics According to Smoking Status

Plaque Parameters Never-Smoker (n=79) Current Smoker (n=144) Former Smoker (n=94) P-value

Echogenicity 0.244

Homogeneous 2 0 2

Mainly high 6 17 6
Mainly medium 50 88 52

Mainly low 21 39 34

Thickness (mm) 5.8±1.4 5.7±1.3 5.9±1.2 0.833

Surface morphology 0.004
Regular 26 21 26

Irregular 53 123 68

Presence of calcification 59 139 84 <0.001
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result is also correlated with plaque calcification. 
Accordingly, we recruited sufficient patients with current 
smoking and prepared adequate amount of smoking 

history ones as control. Retrospective analysis demon
strated that CT indeed had accurate diagnosis effect for 
plaque calcification, which is consistent with previous 

Figure 2 Ridge trace analysis for different examination strategies. (A) Gold standard for plaque diagnosis. (B) Ultrasonography for determination of calcified plaque.
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studies.24 In addition, the high-frequency ultrasound can 
clearly distinguish the details of calcification and was used 
to observe the location and type of calcification, suggest
ing combination with two diagnosis tools could offer bet
ter understanding of plaque calcification for current 
smoking patients. Moreover, under some urgent condi
tions, high-frequency ultrasound itself could 
preliminarily provide plaque calcification information, 
and compared with CT scanning, high-frequency ultra
sound could be more portable and feasible in emergency 
treatment with clinical significance.

Previous study has found that the average values of the 
total calcification of active smokers and passive smokers 
with essential hypertension were significantly higher than 
that of the patients without exposure to cigarette 
smoke.25,26 In another study using high-resolution mag
netic resonance imaging to evaluate the carotid athero
sclerosis plaque distribution, total plaque length was 

significantly positively associated with the history of 
smoking.27 It has been considered that the process of 
atherosclerotic plaque calcification presents a number of 
similarities with the physiological processes that occur in 
bone, involving both osteoblasts and osteoclasts-like arter
ial cells.28 Moreover, it was reported that risk factors, such 
as hypertension, cigarette smoke and diabetes, can cause 
the destabilization of the atheromatic plaque acting on 
calcification process as well as inflammation.28

We also demonstrated that, compared with former smo
kers, current smokers had higher incidence of abnormal sur
face morphology, which included irregular surface. Similar 
with other studies, irregular plaque still induced higher vas
cular injury incidence even in the smoking history patients. In 
the literature, the effect of irregular plaque on plaque calcifi
cation has not been clarified yet. More specifically, plaque 
calcification was not explored on the relationship to irregular 
plaque in current smoking. Our analysis showed that, with 
higher ultrasonography-determined irregular plaque, the risk 
of plaque calcification indeed increased dramatically.

Limitations
Our study has some limitations. This study was conducted 
on a retrospective basis and represented a single center 
experience. Despite having found some phenomenon and 
association, we could not draw a causal relationship between 
current smoking and development of plaque calcification. 
The effect antihypertensive, lipid lowering and hypoglyce
mic drugs, which might affect our results were not evaluated 
in this study. Accordingly, further randomized clinical trial is 
needed. In addition, establishment of animal model is essen
tial for better understanding of detailed mechanisms.

Conclusion
Current smoking was positively associated with plaque cal
cification onsets, and smoking cessation could efficiently 

Figure 3 Analysis of plaque scores and age index, which were verified by ultra
sonography index. X axis, age index; Y axis, scores for calcification and other plaque 
morphology. *P<0.05, **P<0.01.

Table 3 Related Risk Factors Between Calcification and Plaque Surface Morphology

Presence of Calcification Surface Morphology

P value OR CI 95% P value OR CI 95%

Age 0.08 1.04 0.99–1.09 0.02 1.04 1.0–1.07

BMI 0.28 0.93 0.82–1.06 0.14 1.08 0.98–1.18
Hypertension 0.43 0.07 0.29–1.69 0.73 1.11 0.61–2.02

Hyperlipidemia 0.76 0.89 0.40–1.96 0.48 1.24 0.68–2.25

Hyperglycemia 0.13 1.91 0.83–4.41 0.67 0.89 0.50–1.56
Current smoking 0.02 3.74 1.2–11.6 0.00 2.81 1.43–5.53

Former smoking 0.01 0.336 0.14–0.78 0.52 0.81 0.40–1.57
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attenuate such injury. High-frequency ultrasound can clearly 
distinguish the details of calcification with promising clin
ical significance for current smoking patients.

Data Sharing Statement
The datasets used or analyzed during the current study are 
available from the corresponding author on reasonable 
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Consent for Publication
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