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 Background: We analyzed the correlation among the inflammatory changes in pericarotid adipose tissue (PCAT), plaque char-
acteristics, and H-type hypertension on CT angiography (CTA) and explored the utility of CTA in the prevention 
and treatment of carotid atherosclerosis.

 Material/Methods: A total of 135 patients who underwent head and neck CTA to investigate carotid artery atherosclerosis were 
retrospectively analyzed. The plaque characteristic parameters (plaque burden and remodeling index), PCAT 
attenuation value, and net enhancement value around the carotid artery, where the plaques were located, 
were recorded, and confounding factors were matched by propensity score analysis. A paired t test was used 
to compare the differences in fat tissue inflammatory changes and plaque characteristic parameters between 
the 2 groups, and logistic regression analysis was used to evaluate the relationship between plaque charac-
teristics and the attenuation values and net enhancement values of PCAT. The correlation coefficient was cal-
culated between type H hypertension and plaque risk grade.

 Results: The results of the experiment indicate that PCAT attenuation values and net enhancement values gradually in-
creased as the degree of hypertension increased. Compared with those of patients in the normal Hcy group, 
these values increased more clearly in patients with high Hcy (HHcy) (r=0.641, P<0.001, r=0.581, P<0.001), al-
though, regardless of whether the Hcy value increased, there were significant differences between the groups. 
However, this effect was more pronounced in patients with H-type hypertension. Logistic regression analysis 
of risk factors for carotid atherosclerotic plaque suggests that Hcy (OR=1.391, 95% CI 1.146-1.689, P=0.001), 
PCAT attenuation values (OR=1.212, 95% CI 1.074-1.367, P=0.002), and net enhancement values (OR=1.201, 
95% CI 1.042-1.383, P=0.011) were independent risk factors for plaque vulnerability.

 Conclusions: Our results suggest that H-type hypertension is significantly associated with PCAT attenuation and net en-
hancement and that PCAT net enhancement values are useful in predicting plaque risk as attenuation.
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Background

In recent years, the incidence of H-type hypertension has been 
increasing; this type of hypertension is not only an indepen-
dent risk factor for atherosclerosis (AS) but is also a risk fac-
tor for inducing cardiovascular and cerebrovascular events [1]. 
H-type hypertension is a common clinical hypertension type 
that refers to primary hypertension accompanied by hyperho-
mocysteinemia (HHcy) [2]; that is, the Hcy level is increased 
to >10 μmol/L. H-type hypertension is one of the independent 
risk factors for AS [2,3]. An increasing number of studies have 
pointed out that hypertension and high Hcy have a significant 
synergistic effect in the process of inducing stroke [4] and then 
induce a variety of cardiovascular and cerebrovascular dis-
eases [5]. Cerebrovascular events caused by AS are the main 
cause of acute cerebral infarction, especially in carotid AS [6].

AS is a pathological change caused by chronic progressive 
arterial and periarterial fatty inflammation, which plays an 
important role in the occurrence and development of cardio-
vascular and cerebrovascular diseases. In recent years, PCAT 
has become the focus of cardiovascular research because of 
its special anatomical structure and pathological phenotyp-
ic changes. Similar to the coronary artery, the carotid artery 
shares a microenvironment with its surrounding adipose tis-
sue, and the existence of a bidirectional signaling pathway [7]. 
Physiologically, PCAT is mainly composed of beige-colored ad-
ipose cells, shows an anti-inflammatory phenotype [8,9], and 
has a protective effect on the cardiovascular and cerebrovas-
cular systems. However, in the pathological state, its micro-
environment is a proinflammatory phenotype [10], with in-
filtration of inflammatory cells and cytokines [11,12], which 
can induce and promote the progression of cardiovascular 
and cerebrovascular diseases. Marwan et al [13] demonstrat-
ed that PCAT inflammation can lead to vascular endothelial 
injury and AS by grafting visceral fat and subcutaneous fat 
around the common carotid artery in apolipoprotein E-deficient 
mice. Significant progress has been made in the study of the 
association between PCAT inflammation and coronary ath-
erosclerotic disease, but medical imaging studies of PCAT are 
relatively rare. Carotid AS is not only an important parame-
ter reflecting systemic AS, but is also closely related to the 
occurrence of cerebrovascular events such as white matter 
damage and stroke.

Homocysteine is a metabolite of methionine and has been 
considered to be a biological marker of cardiovascular diseas-
es for many years [14]. Recent studies [15] have established 
that HHcy is associated with the development of atheroscle-
rosis vascular disease, and excessive homocysteine impedes 
intimal cell functions, which induces AS and is understood to 
be a multifactorial process. There are reports [16] that the lev-
el of homocysteine has a positive correlation with AS. HHcy 

is also closely associated with lipid metabolism, but there is 
scant information on the effect on perivascular adipose tissue.

PVAT inflammation can contribute to AS. Dysfunctional PVAT 
secretes adipocytokines (such as interleukin-6), which can dif-
fuse directly into the vessel wall, leading to chronic vascular 
remodeling [17]. The adipose tissue in chronic systemic inflam-
mation inhibits lipid accumulation, which changes the adipose 
cell phenotype, promoting oxidation and fibrosis [18]. In con-
clusion, PVAT secretes the more proinflammatory type of fat 
cell factors (such as resistin, leptin, and chemotactic protein), 
instead of the vascular protection factors.

Goeller et al [18] conducted a retrospective, single-center, case-
control study comparing the CCTA of 19 patients with acute 
coronary syndrome and 16 patients with stable coronary heart 
disease, and found that the high attenuation of right pericor-
onary artery fat was associated with increased cardiac mor-
tality, consistent with the results of Antonopoulos et al [19]. 
Baradaran et al [20] used a similar method to study pericor-
onary fat to measure the CT attenuation value of PCAT, and 
found that ipsilateral PCAT attenuation was increased in pa-
tients with stroke or transient ischemic attack, and the fat den-
sity around the stenosis segment of the internal carotid artery 
was significantly higher than that around the non-stenosed 
segment, regardless of whether the patients had symptoms. 
However, it should be pointed out that the above studies as-
sessed the general population, no studies have been conducted 
on people with H-type hypertension, and data on the chang-
es in PCAT inflammation are still lacking. In practice, common 
carotid artery bifurcation occurs in atherosclerotic plaques, 
and increasing PCAT attenuation occurs around the carotid 
artery atherosclerotic lesions surrounding the fat infiltration 
with inflammation. The degree of PCAT attenuation increases 
with the carotid artery net reinforcement value and represents 
the activity of local inflammation. In this study, we explored 
the hypothesis of an association among changes in PCAT in-
flammation, plaque characteristics, and H-type hypertension.

Material and Methods

General Data

This study protocol was approved by the Ethics Committee of 
our hospital (KY-20210416001-01).

WE enrolled 135 patients with carotid atherosclerotic plaque 
formation who underwent head and neck CTA examination 
in Lianyungang First People’s Hospital from October 2020 to 
March 2021, including 104 males and 31 females, mean age 
68.07±9.74. Clinical signs, medical history, and clinical labora-
tory results of the patients were recorded. The data collected 
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included sex, age, blood pressure, blood glucose, triglyceride 
(TG), cholesterol (TC), low-density lipoprotein (LDL), high-den-
sity lipoprotein (HDL), lipoprotein A, homocysteine (Hcy), his-
tory of stroke, and smoking history. According to whether the 
Hcy level was more than or equal to 10 μmol/L, the patients 
were divided into a high Hcy group and a normal Hcy group 
and then divided into 4 subgroups (grade 0, grade 1, grade 2, 
and grade 3) according to presence of hypertension and hy-
pertension grade. Grade 0 is normal blood pressure (systolic 
blood pressure <140 mmHg and diastolic blood pressure <90 
mmHg); Grade 1 is systolic blood pressure 140~159 mmHg or 
diastolic blood pressure of 90~99 mmHg; Grade 2 is systolic 
blood pressure of 160~179 mmHg or diastolic blood pressure 
of 100~109 mmHg; Grade 3 is systolic blood pressure ³180 
mmHg or diastolic blood pressure ³110 mmHg.

Relevant clinical risk factors and research index definitions:

The demographic characteristics and atherosclerosis-related 
risk factors of enrolled patients were collected. The risk fac-
tors included: 
1. HHcy was defined as Hcy level increased >10 μmol/L.
2.  Hypertension was defined as systolic blood pressure ³140 

mmHg and/or diastolic blood pressure ³90 mmHg, or tak-
ing antihypertensive medicines.

3.  Dyslipidemia, including the elevated total cholesterol, low-
density lipoprotein (LDL), and triglycerides, and/or lowered 
high-density lipoprotein (HDL), defined as total cholesterol 
³5.2 mmol/L, LD ³3.12 mmol/L, triglycerides ³1.7 mmol/L, 
HDL <1.45mmol/L.

4.  Hyperglycemia was defined as fasting blood glucose ³7.0 
mmol/L, blood glucose 2 h after meal >11.1 mmol/L, or re-
ceiving lipid-lowering treatment.

5.  Stroke history was defined as sudden and rapidly progres-
sive cerebral ischemia with clinical manifestations like hemi-
plegia or distortion of commissure.

6.  Smoking history was defined as consumption of ³1 ciga-
rette per day for more than 3 months, unless smoking was 
stopped for ³2 years.

Specific inclusion criteria included:

1. Patients aged 18-80 years old.
2. Completed head and neck CTA examination.
3.  Patients with atherosclerotic plaques at unilateral or bilat-

eral carotid artery bifurcation.

Exclusion criteria were as follows:

1. Patients with carotid artery dissection.
2. Patients with severe liver and kidney disease.
3. Patients with diseases of the blood.
4. Patients with severe infection.

5. Patients with a history of malignant tumor.
6. Poor image quality or incomplete medical history.

Image inspection

1.  Equipment and reagents: A Siemens Somatom Definition 
Flash dual-source CT scanner was used. The scanning pa-
rameters were set as follows: current at 125 mA, voltage at 
100 kV, collimation of 16×0.6 mm, and layer thickness of 
0.75 mm. An intravenous indwelling catheter, a double-bar-
reled syringe, iodixanol contrast agent (320 mg I/ml, Jiangsu 
Hengrui Pharmaceutical Co., Ltd., China), and 40 mL normal 
saline were also utilized.

2.  Scanning methods: All patients who received carotid artery 
CTA had no history of heart failure or contraindications to 
iodine contrast agents. The patients were placed in the su-
pine position with their heads tilted back to prevent tooth 
artifacts. CT coverage was from the aortic arch to the ca-
rotid siphon, and patients were scanned from the foot to 
the head. The images were examined before and after the 
contrast injection. The scanning range was from the lower 
edge of the aortic arch to the cranial apex, and the scanning 
time was 8.5±1.5 s. Contrast agent administration with re-
al-time monitoring and triggering technology was used to 
evaluate the main arterial arch section at the level of mon-
itoring. The triggering threshold was theoretically 100 HU, 
and manual triggering was applied in combination with the 
application. The delay between the acquisition of each mon-
itoring scan was 1 s. When the threshold was reached, the 
patient was instructed to hold his or her breath to begin 
the scan after a 4-s interval. The imaging examinations of 
all patients were conducted by an experienced radiologist. 
Patients were told not to swallow before the scan and not 
to move their head or body during the scan in order to ob-
tain the required vascular images using three-dimensional 
reconstruction technology on the collected data.

Image Analysis and Index Measurement

1. Image analysis and observation of carotid artery CTA

A GPACS system was used to analyze the segments with 
plaques at the common carotid artery bifurcation, and uni-
fied window width and window level were used for measure-
ment (WW=800 and WL=300).

2. PCAT measurement

Segments of the plaque at the bifurcation of the common ca-
rotid artery were selected to slide the cursor from the proximal 
segment to the distal segment, and the maximum cross-sec-
tional area of the plaque was selected as the fat measure-
ment point. Two regions of interest (ROIs) were established in 
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the perivascular fat on the same axial section (area ³1 mm2), 
and the mean value was taken as the attenuation value 
(Figures 1, 2). Accurate registration was performed between 
the base phase and the enhancement phase on the GPACS sys-
tem. After matching, the ROI of the same region as the con-
trast period was placed in the same position in the adipose 
tissue to measure the base Hounsfield unit values. The net en-
hancement value is the difference between the Hounsfield el-
ement value obtained after enhancement and the ROI of the 
base phase. The placement of the ROI for each subject de-
pended on the location of carotid plaque and the location of 
PCAT. The fat attenuation value of the same position before 
and after contrast agent injection was measured, and the net 
enhancement value was calculated. All fat density measure-
ments are reported in HU units.

The site of ROIs placement was determined by the maximum 
cross-sectional area of the plaque and location of the PVAT 
pads. ROIs were drawn carefully with placing at least 1 mm 
from the adventitia. The results were re-checked by anoth-
er researcher.

Plaque Analysis

The GPACS system was used to outline the plaque features. The 
segments of the plaque at the common carotid artery bifurca-
tion were selected. The sliding cursor was used from the near 
segment to the far segment to select the maximum cross-sec-
tional area of the plaque as the plaque measurement point to 
record the plaque features. Plaque area (PA), vascular area (LA), 
reference lumen area (RLA). The plaque burden (PB) (PB=PA/
LA×100%) and remodeling index (RI) (RI=LA/RLA) were calcu-
lated. The reference sites were the proximal end of the plaque 
at the carotid bifurcation and the distal end without plaque, 
and the vascular area at the reference site was the mean of 
the sum of the luminal area at the proximal end and the distal 
end without plaque. For the same patch, different measurement 
points selected led to great differences in the measured val-
ues. Therefore, the maximum cross-sectional area of the patch 
was uniformly selected as the measurement point in this study.

Plaque	Risk	Grading

According to IVUS – VH and Underhill’s CAS risk scoring sys-
tem [21], plaque score, and rupture risk were predicted as 

A B

Figure 1. A  61-year-old man in the HHcy group with left carotid low-density plaque with a nodular calcification (high-risk plaque). The 
basal scan (A) shows the average fat tissue (white circle) of -69.8 HU, whereas the postcontrast scan (B) shows the average 
fat tissue density (white circle) value of -58.4 HU with a net enhancement value of 11.4 HU.
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follows: PB< 40% was a low-risk plaque with a score of 1; PB 
> was 40% and had no lipid core, which was a low-risk plaque 
with a score of 1; PB >40% and lipid core <20% were medi-
um- and low-risk plaques with a score of 2; 20%£ lipid core 
<40%, indicating medium-high-risk plaques, scoring 3 points; 
and a lipid core ³40% was considered high-risk plaques, with a 
score of 4. The proximity of nodular calcification in the plaque 
and even intrusion into the lumen were also risk factors, and 
the corresponding score was added as 1. The lipid core is the 
area of low density in the plaque with a CT value <30 HU. The 
evaluation of plaque vulnerability was: low-risk plaques were 
stable plaques, and medium- and low-risk to high-risk plaques 
were vulnerable plaques. Among them, medium- and low-risk 
plaques and medium- and high-risk plaques were predicted 
to be classified as low-, medium-, and high-rupture risk vul-
nerable plaques.

Statistical Analysis

1.  Propensity score matching method: To adjust for differ-
ences between the HHcy and the normal groups, propen-
sity score matching was conducted. Hcy grouping was se-
lected as the dependent variable, the propensity scores for 

each group were calculated by logistic regression based on 
11 associated clinical factors, namely, sex, age, blood pres-
sure, blood glucose, TG, TC, LDL, HDL, lipoprotein A, histo-
ry of stroke, and smoking history. According to propensity 
score matching, the nearest distance matching method was 
applied to pair up same or similar individuals between the 
groups to create a 1: 1 pairing.

2.  Data analysis: SPSS26.0 was used for data analysis. 
Continuous variables are expressed as the mean±standard 
deviation, and categorical variables are expressed as per-
centages. The independent-sample t test was used to ana-
lyze the differences between the groups, the chi-square test 
or Fisher’s exact probability test was used to test the enu-
meration data, and Spearman’s correlation test was used to 
analyze the correlation between high Hcy and plaque grade. 
P<0.05 indicated a statistically significant difference.

To explore the differences in fat and plaque characteristics 
around the carotid artery in patients with H-type hypertension, 
we first evaluated whether there were differences in perivascu-
lar inflammation in the plaque area at the common carotid ar-
tery bifurcation in each group. We used the independent-sample 

A B

Figure 2.  A 75-year-old man matched in the normal group with right carotid calcific plaque (low-risk plaque). The basal scan (A) shows 
the average fat tissue (white circle) of -86.3 HU, whereas the postcontrast scan (B) shows the average fat tissue density 
(white circle) value of -79.1 HU with a net enhancement value of 7.2 HU.
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t test to compare the attenuation and net enhancement values 
of fat density around the common carotid artery bifurcation 
plaque in each group. Second, we assessed whether there were 
differences in plaque characteristics and risk grade of com-
mon carotid artery bifurcation in each group. For this reason, 
we used Spearman correlation analysis to calculate the cor-
relation between the hypertension group and plaque charac-
teristics and risk grade. All correlation values were calculated 
with a two-tailed significance level.

Results

Comparison of Baseline Characteristics Between the 2 
Groups After Propensity Score Matching

We screened 1290 patient with head and neck CTA examina-
tion. Of 769 patients with atherosclerotic plaques at unilateral 
or bilateral carotid artery bifurcation, we excluded 56 patients 
with carotid artery occlusion, 249 patients with incomplete 
medical history, 1 patient with carotid artery dissection, 16 pa-
tients with malignant tumor history, and 1 patient with poor 
image quality, for a total of 181 case. Forty-six patients were 
excluded after propensity scoring. A total of 135 patient met 
the inclusion criteria, with an average age of 68.07 years and 
23% of whom were female. According to the >10 μmol/L Hcy 
level, 67 patients in the high Hcy group and 68 patients in the 
normal group were divided into 2 groups (Table 1). Table 1 
lists the main characteristics of the entire study cohort. There 
were no significance differences in the comparison of covari-
ates between the 2 groups (P>0.05).

Comparison of Fat Characteristics Around the Carotid 
Artery After Propensity Score Matching

PCAT attenuation and net reinforcement values with the grad-
ual increase of hypertension grade. Figure 3 shows the carotid 
plaques surrounding adipose tissue attenuation and distribu-
tion patterns of reinforced net value of the high Hcy and nor-
mal groups, and compared with normal group, the high Hcy 
group fat tissue attenuation and net reinforcement value in-
creased more significantly (P<0.001).

Comparison of Plaque Characteristics and Plaque Grading 
Between the 2 Groups After Propensity Score Matching

Correlation coefficient between hypertension grade and plaque 
grade was r=0.307, P<0.05. Patients in the high Hcy group had 
a stronger correlation than those in the normal group (r=0.294, 
P<0.05 vs r=0.267, P<0.05), while the hypertension grade showed 
a very weak correlation with plaque load and remodeling index. 
The correlation coefficients were r=0.032 and r=0.063, P>0.05, 
respectively, which were not statistically significant (Figure 4).

Spearman correlation analysis was calculated for the changes 
in PCAT inflammation and plaque vulnerability, and the corre-
lation coefficient between the attenuation value of PCAT and 
plaque grade was r=0.605, P<0.001. The association was stron-
ger in the high Hcy group than in the normal group (r=0.667, 
P<0.001 vs r=0.503, P<0.001). The correlation coefficient be-
tween the net enhancement value of pericarotid adipose tis-
sue and plaque grade was r=0.644, P<0.001. The association 
was stronger in the high Hcy group than in the normal group 
(r=0.668, P<0.001 vs r=0.575, P<0.001).

Baseline data HHcy group (n=67) Normal group (n=68) P 

Age, y, mean±SD  68.51±10.73  67.63±8.68 0.598

Sex, Male, proportion  52 (76.47%)  52 (77.61%) 0.876

Hypertension, proportion  53 (77.94%)  46 (68.66%) 0.123

Blood glucose, mmol/L, mean±SD  6.48±2.83  5.94±1.64 0.174

TG, mmol/L, mean±SD  1.76±1.25  1.66±1.60 0.672

TC, mmol/L, mean±SD  4.40±1.08  4.35±1.00 0.753

LDL, mmol/L, mean±SD  2.40±0.70  2.36±0.65 0.738

HDL, mmol/L, mean±SD  1.11±0.30  1.12±0.24 0.791

Lipoprotein A,  mmol/L, mean±SD  248.53±255.81  245.04±248.08 0.936

Hcy, μmol/L, mean±SD  14.53±4.41  7.01±1.83 <0.001

Stroke history, proportion  58 (85.29%)  58 (86.57%) 0.833

Smoking history, proportion  21 (30.88%)  24 (35.82%) 0.546

PSM, mean±SD  0.48±0.14  0.47±0.14 0.733

Table 1. Comparison of baseline data between the normal group and the HHcy group.

HHcy – high hyperhomocysteinemia.
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Risk	Factor	Analysis	of	Plaque	Vulnerability

According to plaque classification, the plaques were divided 
into 2 groups: stable plaques and vulnerable plaques. Factors 
including sex, age, blood pressure, blood glucose, TGs, TC, LDL, 
HDL, lipoprotein A, Hcy, history of stroke and smoking, PA, LA, 
PB and RI were included to construct an ordered logistic re-
gression model. One-way ANOVA was performed for these risk 
factors (Table 2). The results showed that the effect of Hcy on 
plaque vulnerability was statistically significant (OR=1.391, 
95% CI 1.146-1.689, P=0.001). The effect of PCAT attenuation 
on plaque vulnerability was statistically significant (OR=1.212, 
95% CI 1.074-1.367, P=0.002). The net enhancement value of 

PCAT had a statistically significant effect on plaque vulnerability 
(OR=1.201, 95% CI 1.042-1.383, P=0.011). There was a significant 
difference between the carotid fat attenuation value and net 
enhancement value between the 2 groups (P<0.001) (Table 3).

Discussion

We used routine head and neck CTA examinations and showed 
that with an increase in blood pressure in patients in the high 
Hcy group, the PCAT attenuation values and net enhancement 
values increased, more clearly when compared to that in pa-
tients in the normal Hcy group. When the Hcy value increased, 
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Figure 3.  (A) Paired t test was used to compare the difference in PCAT attenuation values of different hypertension grades between 
the normal group and the high Hcy group. (B) The paired t test was used to compare the differences in the net enhancement 
value of PCAT in different hypertension grades between the normal group and the high Hcy group. (*P<0.05; ** P<0.002; 
*** P<0.001).
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there were significant differences, but in the H group of pa-
tients with high blood pressure, this increase was more pro-
nounced (r=0.641, P<0.001 vs r=0.581, P<0.001).

Similar to pericoronal fat, PCAT inflammation causes the accu-
mulation of lipid gradients to change from lipophilic to hydro-
philic [9] CTA examination showed increased fat attenuation, 
and an enhanced scan showed slightly uneven enhancement; 
that is, there was a net enhancement value. Recent research 
data support the role of perivascular fat density change as a 
surrogate marker of local inflammation [17] and confirm that 
PCAT has metabolic and immune activity, which is not only re-
lated to AS but also associated with hypertension and hyperH-
cy. In conclusion, our results are important because we found 
that inflammatory activity in carotid atherosclerotic diseases 
may be associated with H-type hypertension.

In this study, we further analyzed the characteristics of carot-
id bifurcation plaques. The site most commonly involved with 
carotid atherosclerotic plaques is the carotid bifurcation, and 
this distribution pattern is related to hemodynamics. Vortexes 
easily form when blood flow passes through vascular bifurca-
tions or plaques, and the shear force is weakened accordingly. 
Carotid atherosclerotic plaques, especially lipid plaques, tend to 
develop at positions where blood flow shear force is relatively 
low. Vortexes easily form at vascular bifurcations or plaques, 
which can cause vasoconstriction, platelet aggregation and in-
flammation, thus triggering the rupture of vulnerable plaques. 
At present, the characteristics of vulnerable plaques are consid-
ered to include thin fibrous caps, large lipid cores, intraplaque 
bleeding, intraplaque neovascularization and inflammatory cell 
infiltration [22,23]. In this study, although no significant differ-
ences were found between H-type hypertension patients and 

Baseline data HHcy group (n=67) Normal group (n=68) c2 (t) P

Sex, male, proportion  52 (76.47%)  52 (77.61%) 0.004 0.876

Age, y, mean±SD  68.51±10.73  67.63±8.68 26.602 0.598

Hypertension, proportion  53 (77.94%)  46 (68.66%) 2.341 0.123

Blood glucose, mmol/L, mean±SD  6.48±2.83  5.94±1.64 10.047 0.174

TG, mmol/L, mean±SD  1.76±1.25  1.66±1.60 0.369 0.672

TC, mmol/L, mean±SD  4.40±1.08  4.35±1.00 0.108 0.753

LDL, mmol/L, mean±SD  2.40±0.70  2.36±0.65 0.051 0.738

HDL, mmol/L, mean±SD  1.11±0.30  1.12±0.24 0.005 0.791

Lipoprotein A,  mmol/L, mean±SD  248.53±255.81  245.04±248.08 409.447 0.936

Hcy, μmol/L, mean±SD  14.53±4.41  7.01±1.83 907.177 0.001

Stroke history, proportion  58 (85.29%)  58 (86.57%) 0.005 0.005

Smoking history, proportion  21 (30.88%)  24 (35.82%) 0.082 0.546

PA, mean±SD  34.391±27.63  31.727±21.93 368.143 0.443

LA, mean±SD  36.103±24.306  35.153±23.91 30.461 0.819

PB, mean±SD  4.699±21.96  3.013±6.88 95.942 0.359

RI, mean±SD  0.736±0.33  0.707±0.315 0.026 0.619

Attenuation value, mean±SD  -71.278±8.67  -82.176±10.32 605.901 0.002

Net enhancement value, mean±SD  15.252±8.14  8.497±7.38 2.023 0.011

Table 2. one-way analysis of variance of risk factors for plaque vulnerability.

Risk	factor	 OR 95% CI P

Attenuation value 1.212 1.074-1.367 0.002

Net enhancement value 1.201 1.042-1.383 0.011

Hcy 1.391 1.146-1.689 0.001

Table 3. Regression analysis of risk factors for plaque vulnerability.

e933351-8
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Liu Y. et al: 
Pericarotid adipose tissue and plaque characteristics

© Med Sci Monit, 2021; 27: e933351
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



the other subgroups in terms of plaque load and vascular re-
modeling, there was a significant correlation between hyper-
tension grade and plaque grade (r=0.307, P<0.05). Additionally, 
the high Hcy group had a stronger correlation than the normal 
group (r=0.294, P<0.05 vs r=0.267, P<0.05); that is, the rup-
ture risk of carotid atherosclerotic plaques in patients may be 
associated with high Hcy.

We also performed Spearman correlation analysis on changes 
in pericarotid adipose tissue inflammation and plaque rupture 
risk grade. The attenuation value and net enhancement val-
ue of pericarotid adipose tissue were significantly correlated 
with plaque grade (r=0.605 and 0.644 respectively, P<0.001). A 
stronger association was observed in the HHCY group (r=0.667 
and 0.668 respectively, P<0.001), suggesting that the risk of 
plaque rupture is closely associated with changes in periph-
eral fat inflammation, especially in patients with H-type hy-
pertension, which confirms that H-type hypertension is a risk 
factor for plaque vulnerability.

Finally, we performed regression analysis of the risk factors 
for carotid atherosclerotic plaque and found that Hcy, PCAT at-
tenuation, and net enhancement value were independent risk 
factors for plaque risk. Currently, many studies have confirmed 
that increased perivascular fat attenuation is significantly cor-
related with plaque vulnerability [8]. Saba et al [24] found that 
the degree of carotid plaque enhancement is positively corre-
lated with the attenuation of perivascular fat; that is, the den-
sity of PCAT can be used as an indirect marker of plaque sta-
bility. In this study, we found that the PCAT net enhancement 
value was as valuable as the PCAT attenuation value in as-
sessing the risk of plaque rupture. Thus, the present evidence 
seems to suggest that the net enhancement value of PCAT is 
as relevant to the development of AS, as its attenuation val-
ue or that it may be a potential marker of plaque vulnerability.

Blood pressure variability (BPV) has been recognized as a pre-
dictor for brain vascular lesions, which can influence brain struc-
ture and function [25]. It plays an important role on the onset 
and course of cognitive impairment and dementia [26]. Long-
term BPV is associated with cardiovascular and cerebrovascu-
lar events like stroke and myocardial infarction [27], indepen-
dent of mean blood pressure. Meanwhile, BPV increases with 
elevation of blood pressure and is associated with target-or-
gan damage independent of absolute blood pressure in hyper-
tension [28]. It is easy to find the target-organ damage in the 
retina, kidneys, heart, brain, and vasculature by medical meth-
ods [27]. A study found that long-term BPV was a risk factor of 
cardiovascular and cerebrovascular events in high-risk popula-
tions [29]. Future research should explore their effects on ca-
rotid atherosclerosis and carotid morphological characteristics.

Yuting Tan et al [30] found that H-type hypertension is closely 
related to the degree of plaque enhancement and is an inde-
pendent risk factor for plaque vulnerability using contrast-en-
hanced ultrasound. These results are similar to the results of 
our study. In patients with H-type hypertension accompanied 
by carotid atherosclerotic plaque formation, inflammation of 
the pericarotid adipose tissue showed increased attenuation 
with varying degrees of intensification, and this local inflam-
mation may be independent of other systemic inflammation. 
Through further validation, these markers may become indi-
cators for the early prevention and treatment of stroke in pa-
tients with H-type hypertension with carotid AS. The use of 
noninvasive imaging techniques to assess changes in PCAT in-
flammation in patients with type H hypertension can more ac-
curately assess local inflammation and potentially providing a 
basis for more targeted treatment. In addition, these findings 
confirm that increased fat attenuation and net enhancement 
around carotid plaques in patients with type H hypertension 
on CT are associated with histopathological perivascular fat 
inflammation, which can be detected around “culprit” plaques 
before they contribute to ischemic events.

Limitations of this study include the following: (1) It was a ret-
rospective, single-center study with a small sample size; (2) 
There is inevitable selection bias; and (3) The measurement 
of PCAT density on CT may be affected by the change of ROI 
position. To ensure that the ROIs were evenly distributed, we 
chose the location of the largest carotid bifurcation plaque 
(ie, the level of the degree of carotid stenosis was the most 
serious) to establish each ROI, but as a result of the anatomy 
of the carotid artery, fat positions around the positions of the 
ROIs were placed slightly differently, which may have affect-
ed local adipose tissue attenuation values and net reinforce-
ment value measurement. Therefore, there will be future chal-
lenges in determining specific thresholds or ranges in plaque 
rupture risk assessment.

In future studies, the risk factors for plaque rupture should be 
further analyzed in people with different types of hyperten-
sion to investigate different interventional methods for peo-
ple with different etiologies. In addition, this study was a sin-
gle-center, retrospective study, and the sample size should be 
further expanded to provide more powerful data for use in 
clinical practice.

type hypertension is an important risk factor for ischemic 
stroke, which is not only significantly associated with the risk 
of recurrence of ischemic stroke, but is also associated with 
high-risk vulnerable plaques. Therefore, the early diagnosis 
and intervention of fat inflammation around carotid plaque 
in H-type hypertension patients may become a novel marker 
for the prevention and treatment of first-episode and recur-
rent ischemic stroke.
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Conclusions

In patients with carotid AS investigated by CTA, H-type hy-
pertension is significantly associated with PCAT attenuation 
and net enhancement. Our results indicate that PCAT net en-
hancement values have utility in predicting plaque risk as 
PVAT attenuation.
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