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INTRODUCTION

 Atherosclerosis (AS) has become one of the most 
dangerous diseases threatening human health, 
which mostly occurs at the carotid artery.1,2 The 

metabolism of lipids and related lipoproteins plays 
a central role in AS. Therefore, researchers have 
focused on the levels of LDL-C, HDL-C, TC and TG, 
mainly aiming to reduce that of LDL-C.3,4 However, 
only decreasing LDL-C cannot completely stop AS-
induced cardiovascular endpoint events such as 
death, nonfatal myocardial infarction and nonfatal 
stroke, probably because the levels of LDL-C, 
HDL-C, TC and TG do not represent the basic 
factors of AS. Up to now, whether the fluctuation 
of levels of lipid-related parameters is related with 
AS progression remains unclear.In this study, we 
retrospectively analyzed the relationship between 
blood lipid stability and progression of carotid AS.

METHODS

 A total of 416 patients who had  physical 
examination in our hospital annually from January 
2010 to December 2015 were selected, comprising 
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ABSTRACT
Objective: To evaluate the effects of blood lipid stability on progression of carotid atherosclerosis.
Methods: A total of 416 patients who had  physical examination in our hospital annually from January 
2010 to December 2015 were selected and divided into a progression group (n=216) and a non-progression 
group (n=200) according to the intima-media thickness measured by carotid ultrasound. The levels of lipid-
related parameters within five years were retrospectively analyzed to calculate the smoothness index (SI 
= x□/s).
Results: The cross-sectional TG, HDL-C, ApoAI, ApoB, ApoE and Lpa levels were similar in the two groups 
(p>0.05). The non-progression group had significantly higher TC ((4.15±0.82 vs. 4.50±1.04) mmol/L) 
and LDL-C ((2.53±0.76 vs. 2.99±1.03) mmol/L) levels than those of the progression group (p<0.05).The 
progression group had significantly lower TC SI (5.29±1.28 vs. 5.65±1.76), TG SI (2.13±0.71 vs. 2.79±0.82), 
LDL-C SI (3.66±1.17 vs. 4.36±1.58), ApoB SI (3.37±0.88 vs. 3.62±0.95) and Lpa SI (1.53±0.49 vs. 1.62±0.43) 
than those of the non-progression group (p<0.05).
Conclusion: Compared with cross-sectional results, SI was better correlated with the progression of 
atherosclerosis. The progression group had lower SI values.
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410 males (98.56%) and 6 females (1.44%) aged 
from 50-97 years old, (70.80±12.12) on average. The 
intima-media thickness (IMT) of carotid artery was 
measured by color Doppler ultrasound. Inclusion 
criteria: With ethics committee approval and written 
informed consent; age ≥65 years old; patients who 
received blood lipid level examination and carotid 
ultrasound annually. IMT ≥1.0 mm was defined as 
thickening, and IMT ≥1.5 mm with local eminence 
of the intima towards the lumen was defined as 
occurrence of AS. 
Diagnostic criteria for carotid stenosis: Carotid 
stenosis, <50%; stenosis, 50%-69%; stenosis, ≥70% 
to near occlusion; complete occlusion.
Determination criteria for progression of carotid 
AS: Carotid ultrasound in 2010 disclosed carotid 
AS, without stenosis, but ultrasound in 2015 
showed carotid stenosis; carotid stenosis was 
aggravated by at least one grade from 2010 to 2015. 
Progression of carotid AS was defined if any one 
of the above two situaitons occurred. The selected 
patients were divided into a progression group 
(n=216) and a non-progression group (n=200). The 
progression group consisted of 213 males and 3 
females aged from 51 to 97 years old, (71.04±12.36) 
on average. The non-progression group comprised 
197 males and 3 females aged from 50 to 95 years 
old, (69.49±11.30) on average. Siemens Acuson 
Sequoia 512 ultrasound system with a probe at the 
frequency of 13-15 MHz was used.
Measurement of carotid artery IMT: After 5-10 
minutes of rest, a patient in the supine position 
was first subjected to blood pressure detection 
of the brachial artery. The head was tilted to one 
side to entirely expose the neck on the other side. 
Afterwards, horizontal and vertical scannings for 
the carotid artery were performed respectively, 
aiming at 15 mm above the common carotid artery 
to 15 mm below the bifurcation level. The probe was 
held perpendicularly to the common carotid artery, 

and the gain and sampling box were adjusted. 
Meanwhile, the image was adjusted to clearly show 
the intima and media at the posterior and anterior 
walls of the maximum longitudinal section. IMT 
was continuously and stably measured three times, 
and the mean was recorded. The examination 
was conducted by one sonographer according to 
uniform evaluation criteria.
General information: The age, gender, body weight, 
height, systolic pressure, diastolic pressure and 
ventricular rate were recorded, and the body mass 
index (BMI) was calculated. Whether the patients 
had coronary artery disease, hypertension, diabetes 
mellitus, cerebrovascular disease or history of 
smoking was inquired.
Laboratory detection: Fasting venous blood (4 ml) 
was collected on the early morning of examination. 
The levels of glycosylated hemoglobin, uric 
acid, total bilirubin, and direct bilirubin, LDL-C, 
HDL-C, TC and TG were detected by Roche cobas 
8000 modular analyzer. Blood lipid stability was 
calculated according to the levels and expressed 
as smoothness index (SI = x□/s, where x□ and s 
represent the mean and standard deviation of blood 
lipid levels detected 5 times from 2010 to 2015). 
A high SI means a small fluctuation and a high 
stability. A low SI means a large fluctuation.
Statistical analysis: All data were analyzed by 
SPSS 19.0. The numerical data were compared by 
the Chi-square test. The categorical data were ex-
pressed as mean ± standard deviation. The data 
conforming to normal distribution between groups 
were compared by the independent samples t-test, 
and those abnormally distributed were compared 
by the non-parametric test. The relationship be-
tween normally distributed data was calculated 
by the Pearson’s correlation analysis. The factors 
related to carotid atherosclerosis were subjected to 
univariate and multivariate logistic regression anal-
yses. P<0.05 was considered statistically significant.

Table-I: Baseline clinical data.
 Progression group (n=216) Non-progression group (n=200) P

Age (year) 71.04±12.36 69.49±11.30 0.184
Male [case (%)] 213 (98.59) 197 (98.50) 0.924
Systolic pressure (mmHg) 140.62±31.72 135.69±28.21 0.096
Diastolic pressure (mmHg) 65.87±19.64 67.91±20.83 0.305
BMI 26.26±3.78 25.72±3.49 0.065
History of hypertension [case (%)] 158 (73.15) 161 (80.50) 0.076
History of coronary artery disease [case (%)] 172 (79.63) 162 (81.00) 0.726
History of diabetes mellitus [case (%)] 98 (45.37) 109 (54.50) 0.063
History of cerebrovascular disease [case (%)] 59 (27.31) 60 (30.00) 0.545
History of smoking [case (%)] 99 (45.83) 80 (40.00) 0.230
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RESULTS

Baseline clinical data: The two groups had similar 
age, gender, blood pressure, BMI and disease 
history (p>0.05) (Table-I).
Cross-sectional blood lipid levels: The cross-
sectional TG, HDL-C, ApoAI, ApoB, ApoE and Lpa 
levels were similar in the two groups (p>0.05). The 
non-progression group had significantly higher 
TC and LDL-C levels than those of the progression 
group (p<0.05) (Table-II).
SI values of lipid-related parameters: Blood lipid 
stability was calculated according to the levels and 
expressed as smoothness index (SI = x□/s, where 
x□ and s represent the mean and standard deviation 
of blood lipid levels detected 5 times from 2010 to 
2015). The progression group had significantly 
lower TC SI, TG SI, LDL-C SI, ApoB SI and Lpa SI 
than those of the non-progression group (p<0.05) 
(Table-III).

DISCUSSION

 Disorders of blood lipid metabolism have been 
closely associated with AS. It is well-established 
that continuous blood lipid abnormalities 
predominantly promote AS onset and progression. 
Besides, high LDL-C level indeed mainly leads to 
AS.5,6 However, some patients with acute coronary 
syndrome may not have elevated LDL-C levels.7 The 
main pathological and physiological mechanisms 
for acute coronary syndrome are rupture of 
vulnerable AS plaque and thrombosis. Therefore, 
the factors affecting the progression and stability of 
AS plaque have attracted wide attention.8 An animal 
study using New Zealand white rabbits9 showed 
that after 24 weeks of feeding, the blood lipid levels 
were measured regularly to calculate SI. A lower SI 
suggested faster progression of AS. In this study, the 
levels of lipid-related parameters within five years 

were retrospectively analyzed. The cross-sectional 
TG and HDL-C were similar in the two groups. The 
non-progression group had significantly higher 
TC ((4.15±0.82 vs. 4.50±1.04) mmol/L) and LDL-C 
((2.53±0.76 vs. 2.99±1.03) mmol/L) levels than those 
of the progression group. The progression group 
had significantly lower TC SI, TG and LDL-C SI 
than those of the non-progression group. SI values 
of lipid-related parameters affected AS progression 
more significantly than cross-sectional blood lipid 
levels did. A lower SI meant a larger fluctuation.
 Recently, the levels of apolipoproteins have 
also been highlighted in studies concerning AS. 
Apolipoproteins are synthesized mainly in the liver 
and partly in the small intestine. They have been 
classified into several subtypes and represented 
by Roman numerals.10,11 ApoA mainly contains 
AI and AII. As a single-chain polypeptide, ApoAI 
is synthesized in the liver and intestinal mucosa, 
mainly existing in HDL and being negatively 
correlated with AS.12-14 ApoB mainly exists in LDL 
and chylomicron, which reflects the number of 
LDL particles.15,16 Increase of ApoB is an important 
risk factor for AS.14 As a polymorphic protein, 
ApoE is the ligand of LDL receptor and that of 
chylomicron particle receptor in hepatocytes. ApoE 
protects against AS by transporting endogenous 
and exogenous cholesterol.17 Lpa is one of plasma 
lipoproteins, which is linked by disulfide bonds from 
a part of LDL and ApoA. It is actually an LDL with a 
special form that is synthesized in the liver.18,19 Lpa 
has been proven to be one of the independent risk 
factors for AS. It promotes both the inflammatory 
response and progression of AS.20 In this study, the 
cross-sectional ApoAI, ApoB, ApoE and Lpa levels 
were similar in the two groups. The progression 
group had significantly lower ApoB SI and Lpa SI 
than those of the non-progression group. Compared 
with solely detecting cross-sectional blood lipid 
levels, dynamically observing the fluctuations of 
blood lipid and apolipoprotein levels can better 

Blood lipid and carotid atherosclerosis

Table-II: Cross-sectional blood lipid levels.
 Progression Non-progression P
 group (n=216) group (n=200)

TC (mmol/L) 4.15±0.82 4.50±1.04 0.000
TG (mmol/L) 1.30±0.40 1.41±0.84 0.085
LDL-C (mmol/L) 2.53±0.76 2.99±1.03 0.000
HDL-C (mmol/L) 1.33±0.26 1.39±0.42 0.078
ApoAI (mg/dl) 1.28±0.26 1.31±0.32 0.293
ApoB (mg/dl) 1.00±0.31 0.92±0.28 0.080
ApoE (mg/dl) 5.35±2.48 5.58±2.00 0.300
Lpa (mg/dl) 17.47±12.72 19.20±13.17 0.174

Table-III: SI values of lipid-related parameters.
 Progression Non-progression P
 group (n=216) group (n=200)

TC SI 5.29±1.28 5.65±1.76 0.017
TG SI 2.13±0.71 2.79±0.82 0.000
LDL-C SI 3.66±1.17 4.36±1.58 0.000
HDL-C SI 3.45±0.50 3.53±0.86 0.243
ApoAI SI 5.16±1.60 5.26±0.93 0.441
ApoB SI 3.37±0.88 3.62±0.95 0.006
ApoE SI 2.77±1.69 2.99±0.65 0.085
Lpa SI 1.53±0.49 1.62±0.43 0.048
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indicate the progression of carotid AS. The findings 
are of great significance to the regulation of 
compliance for taking hypolipidemic drugs and the 
stabilization of blood lipid levels. 

Limitations of the study: Firstly, as a retrospective 
study, the sample size is small. Secondly, more 
female cases should be selected to validate the 
conclusion of this study. Thirdly, the mechanism by 
which fluctuations of blood lipid levels promote AS 
progression remains unclear. Further studies are 
ongoing in our group.
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