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Background: Stability of plaque has been implicated as risk factor for stroke. Serum cortisol regulates 
lipoprotein metabolism and immune response, contributing to plaque stability in atherosclerosis. However, 
the relationship between serum cortisol and stability of carotid plaque has not been well characterized. We 
conducted a serology analysis to identify the relationship between serum cortisol and carotid plaque stability.
Methods: Between May 2013 to October 2015, 73 patients with carotid stenosis patients undergoing 
carotid endarterectomy (CEA) were enrolled in our study. Serum cortisol was analyzed at 8:00 AM in the 
morning before surgery via liquid chromatography tandem mass spectrometry. According to the classification 
made by the American Heart Association, hematoxylin-and-eosin staining was performed to divide these 
patients into either a stable or unstable group, according to the morphology of fibrous cap, lipid core and 
intima layer. A curve fitting method was used to identify the relationship between preoperative serum cortisol 
and stability of carotid plaque. Univariate and multivariate logistic regression analysis were used to identify 
carotid plaque stability-associated serum cortisol.
Results: Curve fitting’s result represents a U-shape characteristic. A total of 314.92 and 395.23 nmol/L 
were considered as the cut point for preoperative serum cortisol when trisected the patients. When adjusted 
for degree of stenosis, hyperlipemia, smoking and low-density lipoprotein (LDL), univariate and multivariate 
logistic regression analysis’ results demonstrated that preoperative serum cortisol can significantly affect 
carotid plaque stability. The odds ratio values in multivariate logistic regression analysis for C reactive 
protein (CRP), white blood cell (WBC), interleukin-6 (IL-6) and preoperative serum cortisol level were 7.67 
and 20.86 respectively.
Conclusions: Preoperative serum cortisol was associated with stability of carotid plaque in patients 
undergoing CEA. Low or high levels of preoperative serum cortisol might be an adverse factor for carotid 
plaque stability.
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Introduction

Ischemic stroke is one of the worldwide leading causes of 
severe disability and mortality in ageing population (1,2). 
Currently, carotid luminal stenosis is the only acceptable 
diagnostic criterion for risk stratification of patients with 
carotid stenosis; however, growing evidence suggests that 
plaque stability may also represent a critical risk factor (1-4),  
as unstable plaque tends to rupture. Plague stability may 
result in severe neurological events for high-risk patients, 
and thus plaque stability should be considered in the clinical 
evaluations (5). Unstable plaque is characterized by a large 
lipid core, thin fibrous cap, intraplaque neovascularization, 
and a large inflammatory cell infiltrate composed of 
macrophages, T-cells and mast cell (6). However, stability 
of carotid plaque lacks of rapid examination target in serum, 
which is very important for screening. Therefore, discover 
of biological markers to evaluate stability of plaque is 
critically important (7).

Hypothalamic pituitary adrenal (HPA) axis plays an 
important role in physical functions by releasing cortisol 
which is implicated in the regulation of the inflammation 
system, lipid metabolism and glucose into the circulation. 
A dysfunctional HAP axis function has been described in 
several chronic inflammatory disorders, and can regulate 
mast cells function in allergic asthma (8). Thus HAP axis 
function is thought to be one of the possible mechanisms 
through psychosocial stress to influence the risk of 
atherosclerosis (9,10). Previous experimental works in 
animal models have found that atherosclerosis occurs in the 
context of elevated circulating cortisol level (11), but this 
finding requires further analysis (12,13). Moreover, it is still 
unclear whether serum cortisol influences the stability of 
carotid plaques.

The aim of this study was to investigate whether serum 
level of cortisol in patients with high-grade carotid stenosis 
could be useful to identify patients with unstable plaques. 
We tested the hypothesis that different level of preoperative 
serum cortisol may be linked to the different stability of 
carotid plaque. 

Methods

Study population

Between May 2013 to October 2015, 101 patients with 
high-grade carotid stenosis who were undergoing carotid 
endarterectomy (CEA) in Vascular Surgery Department 
of Changhai Hospital were enrolled in our study. During 

that time, 28 patients were excluded including unavailable 
biological or histological samples, patients with chronic 
inflammatory/immunologic disorder, neoplasm disease, 
continuous treatment with immunosuppressive/anti-
inflammatory agents, drug or alcohol abuse or poor 
mental function (14). Surgically removed carotid plaques 
were collected for histological analysis. This retrospective 
study was approved by the ethics committee of Changhai 
hospital.

Hormone analysis and laboratory measurements

Before the surgery, a fasting blood sample was taken for 
determination of biochemical parameters and cortisol in 
the morning at 8:00 AM. Plasma cortisol was measured by 
immunoassay (Unicel DxI 800，Beckman Coulter). The 
normal range of morning serum cortisol concentration in 
our hospital laboratory is 210 to 342 nmol/L.

Participants reported baseline characteristics, medical 
history and current smoking status. Height and weight 
were measured in light clothing for the calculation of 
body mass index (BMI). Degree of stenosis was measured 
by ultrasound. Serum total cholesterol and high-density 
lipoprotein (HDL) cholesterol, low-density lipoprotein 
(LDL), triglycerides (TG), fasting glucose, interleukin-6 
(IL-6), white blood cell (WBC) and C reactive protein 
(CRP) were measured by routine assays in the hospital 
laboratory.

Histological method to define plaques stability

After the surgical samples removed, they were fixed in 10% 
neutral buffered formalin for 24 h, dehydrated in graded 
alcohols, cleared in xylene, and embedded in paraffin. 
Each sample was cut into 5 um and performs hematoxylin-
and-eosin staining. According to the classification made 
by the American Heart Association identify the stable and 
unstable plaque (15). Type V lesion which formed with 
prominent new fibrous connective tissue together with 
multilayered lipid core is considered as stable plaque. Type 
VI lesion which have ulceration of endothelial disruption or 
intraplaque hemorrhage or thrombotic deposits is regarded 
as unstable plaque.

Statistical analysis

Categorical variables are reported as number (percent) and 
continuous variables as mean (SD) or median (25th to 75th 
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interquartile range), depending on variable distribution. 
Group comparisons were analyzed with the Student t-test 
or Wilcoxon rank-sum test for numeric variables and the 
χ2 or Fisher exact test for categorical variables. Univariate 
analyses were used to assess the impact of post-operation 
laboratory examination index on the occurrence of adverse 
events for each patient. All analyses were performed using 
Empower (R) (www.empowerstats.com, X&Y solutions, 
inc., Boston, MA, USA) and R (http://www.R-project.org).

Results

A total of 73 internal carotid stenosis patients undergoing 
CEA were enrolled in our study. Most patients were male 
(66 vs. 7). Unstable carotid plaque was detected in 35 
(47.95%) subjects. Age distribution of the patients together 
with other risk factors is presented on Table 1 according to 
the stability of carotid plaque. Except for degree of stenosis 
(P<0.001), hyperlipemia (P=0.045) and smoking (P=0.003), 
there were no statistical differences in the demographic and 
clinical data between stable and unstable plaque groups. We 
used curve fitting method to find the relationship between 
preoperative serum cortisol and stability of carotid plaque 
and it represents a U-shape characteristic (Figure 1). The 
stability of carotid plaque of patients with low or high level 
of preoperative serum cortisol presents unstable status. 
The relationship between laboratory variables of interest 
and stability of carotid plaque is presented in Table 2. Only 
LDL can significantly promote the carotid plaque to an 
unstable status (P=0.036). Figure 2 showed the univariate 
analysis results of the risk factors which we thought might 
affect plaque stability. The degree of stenosis, hyperlipemia, 
smoking and LDL are the risk factors of carotid plaque 
stability.

For further reveal the relationship between preoperative 
serum cortisol and the stability of carotid plaque, we divided 
preoperative serum cortisol into three levels equationally 
according to the numbers of patients. A total of 314.92 and 
395.23 were considered as the cut point for preoperative 
serum cortisol. Univariate and multivariate logistic 
regression analysis were showed in Table 3 when adjusted for 
degree of stenosis, hyperlipemia, smoking and LDL. Model 
1 is the univariate analysis result for the preoperative serum 
cortisol level. Model 2 is the multivariate logistic regression 
analysis for CRP, WBC, IL-6 and preoperative serum 
cortisol level. The odds ratio values of CRP, WBC and 
IL-6 are 0.93, 0.84 and 1.01 respectively. We use middle 
level of preoperative serum cortisol as model 1. It revealed 
that low and high level of preoperative serum cortisol can 
significantly affect carotid plaque to an unstable status when 
compared with the middle level. The odds ratio values of 
the low and high level of preoperative serum cortisol are 7.67 
and 20.86 respectively.

Discussion

In this retrospective case-control study, our data suggests 
that preoperative serum cortisol has a relationship with 

Table 1 Patients’ demographic data and clinical characteristics

Characteristic
Stable  
plaque

Unstable  
plaque

P value

N 38 35 –

Age, years 65.89±10.50 68.63±7.28 0.204

Degree of stenosis (%) 72.89±9.91 81.71±11.56 <0.001

BMI, kg/m2 24.34±1.56 24.22±1.64 0.757

Symptomatic lesions (%) 33 (86.80) 29 (82.90) 0.634

Male:female 35:3 31:4 0.608

Hypertension (%) 32 (84.20) 26 (74.30) 0.294

Diabetes (%) 9 (23.70) 9 (25.70) 0.841

Coronary artery disease (%) 4 (10.50) 3 (8.60) 0.777

TIA/stroke (%) 10 (26.30) 14 (40.00) 0.214

Hyperlipemia (%) 8 (21.10) 15 (42.90) 0.045

Smoking (%) 6 (15.80) 17 (48.60) 0.003

BMI, body mass index; TIA, transient ischemia attach.
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Figure 1 The relationship between preoperative serum cortisol 
and carotid plaque stability with generalized additive model 
(GAM)*. The “0” represents stable plaque and the “1” represents 
unstable plaque. When the curve trends to “0”, the carotid plaque 
trends to a stable status and vice versa. The dash lines represent 
for 95% confidence interval. *, adjusted for degree of stenosis, 
hyperlipemia, smoking and LDL.
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carotid plaque stability. Carotid stenosis patients with low 
or high level of preoperative serum cortisol present more 
unstable carotid plaque than middle level patients. These 
results implicate the contributory role of cortisol to carotid 
atherosclerosis pathological process.

The HPA axis has a strong relationship with human’s 
health, and cortisol reflects HPA axis activity. HPA 
axis dysregulation is associated with rapid heart rate, 
hypertension, high level of cholesterol, LDL and fasting 
insulin (16,17). While extracranial arterial stenosis has been 
widely believe to contribute to the pathogenesis of stroke, 
more and more research has focused on the effects of 
cortisol on carotid diseases. In the Rotterdam Study, Dekker 
et al. (10) studied 1,866 participants of the Rotterdam Study 
who provided four salivary cortisol samples throughout 
on a single day. They found that total cortisol levels were 

associated with higher carotid plaque score in the elderly. 
Another study explored the relationship between women’s 
morning serum cortisol and coronary artery disease and 
revealed that increased cortisol levels might contribute to 
the occurrence of atherosclerosis (18). To our knowledge, 
more and more researches have found that stability of 
carotid has a close relationship with therapy method and 
prognosis on carotid stenosis (19). Our study focused on the 
regulatory role of serum cortisol on the stability of carotid 
plaque.

Many physiology mechanisms, such as inflammation, may 
explain the relationship between cortisol and the stability 
of atherosclerosis plaque. Inflammation plays an important 
role in the progression of atherosclerosis and cortisol has 
been widely used to regulate the inflammatory system 
especially as it relates to controlling vessel walls during an 

Figure 2 Preoperative laboratory variables of interest in the 
studied subjects according to the stability of carotid plaque.

Table 2 Preoperative laboratory variables in the studied subjects 
according to the stability of carotid plaque

Variables Stable plaque Unstable plaque P value

WBC, 109/L 6.35±1.79 6.54±1.76 0.642

Albumin, g/L 40.13±3.34 39.89±2.55 0.726

Creatinine, μmol/L 90.97±38.67 79.11±25.21 0.129

Bilirubin, μmol/L 13.42±6.06 12.47±5.33 0.479

ALT, U/L 27.21±17.40 21.57±11.08 0.106

AST, U/L 24.21±11.15 22.46±10.35 0.490

LDH, U/L 146.05±31.16 146.20±22.45 0.982

Blood glucose, mmol/L 5.94±1.63 6.62±6.73 0.547

Uric acid, mmol/L 0.36±0.08 0.35±0.08 0.601

Triglyceride, mmol/L 1.49±0.54 1.68±1.01 0.310

HDL, mmol/L 1.33±0.42 1.22±0.32 0.192

LDL, mmol/L 1.99±0.76 2.39±0.85 0.036

Cholesterol, mmol/L 4.16±1.16 4.33±1.09 0.534

Fibrinogen, g/L 3.55±1.16 4.35±4.86 0.329

Thrombin time, s 16.72±1.01 16.55±0.99 0.465

Prothrombin time, s 12.94±0.73 12.67±0.82 0.140

APTT, s 36.71±4.19 35.97±4.42 0.467

INR 0.90±0.28 0.93±0.25 0.641

CRP, mg/L 5.35±7.64 4.24±5.38 0.476

IL-6, pg/mL 8.20±12.46 7.20±17.80 0.779

Serum cortisol, nmol/L 355.81±56.86 356.76±141.54 0.970

WBC, white blood cell; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; LDH, lactate dehydrogenase; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; APTT, 
activated coagulation time of whole blood; INR, international 
normalized ratio; CRP, C reactive protein; IL-6, interleukin-6.
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inflammatory response (20,21). In fact many inflammatory 
factors have already been described as markers of carotid 
stenosis risk (22). For example, high hsCRP levels are 
associated with an increased embolization in carotid artery 
stenting (23). Morever, Grönberg et al.’s research found 
that high levels of IL-16 are associated with expression of 
factors contributing to plaque stability and decreased risk of 
new cardiovascular events during a 2-year period following 
surgery (24). The clinical significance of macrophage 
phenotypes in carotid plaque stability has also been widely 
studied (25). Fittipaldi et al. found that higher levels of 
CRP and vascular-endothelial-growth-factor (VEGF) 
correlated with unstable plaque (26). These results indicate 
that inflammation is an important factor in regulating 
carotid plaque stability. Although our study didn’t identify 
a significant influence of serum inflammatory indicators 
such as CRP and IL-6 on carotid plaque stability, we can 
not neglect the contributions of inflammation. HPA axis 

might control the expression level of serum inflammatory 
indicators. The relationship between serum cortisol and the 
inflammation indicators according to the stability of carotid 
plaque stability needs to be further researched.

Besides that, physiological stress may also affect 
endocrine responses (27). Thus, we considered that 
physiological stress may contribute to cardiovascular disease 
through regulating HPA axis. Reportedly, repeated episodes 
of acute stress can accelerate the speed of the inflammatory 
response in vessel wall (28). Moreover, Barnett et al. (29) 
found that reactivity to physiological stress may influence 
the progression of atherosclerosis in carotid artery disease. 
We believe that physiological stress, namely cortisol levels, 
may also affect the stability of carotid plaques in patients 
with carotid stenosis. However, the mechanism by which 
serum cortisol affects carotid plaque stability need to be 
further studied.

Limitation

The results of our study may be limited by the relative 
small number of subjects and lack of postoperative follow-
up. Thus, more high-quality, multiple-center, large-sample 
randomized study are required to further verify our study. 
In addition, the normal level of cortisol presents fluctuate 
pattern in a day, which is in highest point at about 30 minutes  
after wake up in the morning and in the lowest point at 
midnight. We just exam the preoperative serum cortisol 
level in the morning, regardless of fluctuation of cortisol 
which need multi-time exam to evaluate in 1 day. However, 
it is difficult to obtain blood samples in 1 day at several 
different times. In the future study, we could use salivary 
sample instead of serum sample to overcome this problems 
as a result of salivary cortisol level have a high accuracy 
reflection of serum cortisol level.

Conclusions

In summary, our data clearly demonstrate that the 
relationship between preoperative serum cortisol and 
carotid plaque stability in carotid stenosis patients 
undergoing CEA. Low or high levels of preoperative 
serum cortisol might be an adverse factor to carotid plaque 
stability. Maintaining the serum cortisol level to a middle 
level may benefit for carotid stenosis patients clinical 
treatment. At the same time, serum cortisol can be used as a 
biological marker to assess the stability of carotid plaque.

Table 3 Multivariate logistic regression analysis of preoperative 

serum cortisol level according to the stability of carotid plaque*

Model OR (95% CI) P value

Model 1

Preoperative serum  
cortisol ≤314.92 (low)

0.96 (0.93, 0.99) 0.0107

314.92< preoperative serum  
cortisol <395.23 (middle)

1.01 (0.97, 1.05) 0.6187

Preoperative serum cortisol  
≥395.23 (high)

1.09 (1.00, 1.19) 0.0537

Model 2

CRP 0.93 (0.83, 1.04) 0.2240

WBC 0.84 (0.54, 1.32) 0.4568

IL-6 1.01 (0.96, 1.05) 0.7872

Preoperative serum cortisol level

Middle 1.0 –

Low 7.67 (1.28, 46.10) 0.0259

High 20.86 (2.63, 165.44) 0.0040

*, adjusted for degree of stenosis, hyperlipemia, smoking and 

LDL. 314.92 and 395.23 were considered as the cut point for 

preoperative serum cortisol when trisected the patients. CRP, 

C reactive protein; WBC, white blood cell; IL-6, interleukin-6; 

model 1, univariate analysis for the preoperative serum cortisol 

level; model 2, multivariate logistic regression analysis for CRP, 

WBC, IL-6 and preoperative serum cortisol level; we use middle 

level of preoperative serum cortisol as 1.
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