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Aim: To examine the association between the serum endostatin levels and subclinical atherosclerosis 
independent of traditional risk factors in a healthy Japanese population.
Methods: Among 1,057 residents who attended free public physical examinations between 2010 and 
2011, we evaluated the data of 648 healthy residents for whom the serum endostatin level and com-
mon carotid intima-media thickness (IMT) were successfully measured.
Results: The median endostatin level was 63.7 ng/mL (interquartile ranges: 49.7–93.2 ng/mL), and 
the mean carotid IMT was 0.68±0.12 mm. Residents with above median endostatin had signifi-
cantly higher carotid IMT than did those with below median endostatin (0.71±0.14 vs. 0.65±0.09 
mm, P＜0.001). Multiple linear regression analysis demonstrated that increased serum endostatin is 
significantly associated with carotid IMT (above vs. below median endostatin level; beta=0.11, P=  
0.03), independent of the known covariates of age, sex, body mass index, drinking and smoking sta-
tus, systolic blood pressure, diastolic blood pressure, hemoglobin A1c, low density lipoprotein cho-
lesterol, estimated glomerular filtration rate, and log-transformed high sensitive C-reactive protein.
Conclusions: A higher serum endostatin level reflected subclinical atherosclerosis in this Japanese 
population.
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genesis inhibitor in vivo and in vitro2, 3). Recent obser-
vational studies have shown that circulating endostatin 
is associated with cerebrovascular diseases4), the sever-
ity of kidney dysfunction5), hypertensive organ dam-
age6), and future cardiovascular mortality7). Thus, the 
circulating level of endostatin is thought to reflect 
extracellular matrix remodeling and be a useful marker 
for subclinical cardiovascular damage. However, these 
reports were limited to elderly participants or patients 
with cardiovascular or chronic kidney disease (CKD); 
thus, further research in a relatively healthy popula-
tion is necessary.

Carotid arterial intima-media thickness (IMT), a 
marker of subclinical atherosclerosis8), is a predictor of 
future cardiovascular events9) and the incidence of 

Introduction

Atherosclerosis is a pathologic process that causes 
intima medial thickening, plaque formation, and some-
times occlusion of the coronary, cerebral, and periph-
eral arteries1). Endostatin is a cleavage of the C-termi-
nal domain of collagen XVIII, a component of the 
extracellular matrix1), and a potent endogenous angio-
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blood samples were collected after an 8 hour overnight 
fast to determine the serum levels of creatinine, hemo-
globin A1c (HbA1c), and low density lipoprotein 
(LDL) cholesterol. Aliquots of whole blood and fresh 
plasma and serum samples after separation were stored 
at 4℃ in refrigerated containers and sent to a com-
mercial laboratory (SRL Inc, Tokyo, Japan). The 
HbA1c level was measured from a fresh whole blood 
sample using the immune coherent method 
(RAPIDIA Auto HbA1c, Fujirebio Diagnostics Inc., 
Tokyo, Japan), with results expressed as the US 
National Glycohemoglobin Standardization Program 
format level (%). The serum level of LDL cholesterol 
was determined by automated standardized enzymatic 
analysis (Determiner L LDL-C, Kyowa Medex Co., 
Ltd, Tokyo, Japan). The serum creatinine level was 
measured by enzymatic assay. The estimated glomeru-
lar filtration rate (eGFR) was calculated using the 
modification of diet in renal disease study equation 
modified for Japanese subjects: eGFR (mL/min/1.73 
m2)=194×age－0.287×serum creatinine (mg/dL)－1.094 
(if woman×0.739)16). High sensitive C-reactive pro-
tein (hs-CRP) was measured by means of particle-
enhanced immunonephelometry (N-latex CRP II, 
Siemens Healthcare Diagnostics K.K., Tokyo, Japan).

All remaining fasting serum samples were imme-
diately frozen and stored at －80℃ until assayed. The 
serum endostatin level (range: 16 –500 ng/mL) was 
measured from defrosted samples using a commer-
cially available enzyme-linked immunosorbent assay 
kit (R&D Systems Inc., Minneapolis, USA). Assess-
ment of reproducibility testing showed good results, 
the recovery rate for spiked samples was 91% –108%, 
and there was no influence of interfering substances at 
normal levels. The intra- and inter-assay coefficients 
of variation were 5.0% and 6.4%, respectively.

Ultrasonographic Measurement
Carotid IMT was assessed by ultrasound. The 

subjects were supine with a slight hyperextension and 
rotation of the neck in the direction opposite the probe. 
Carotid artery lesions were measured using high reso-
lution B-mode ultrasonography with a 7.5 MHz lin-
ear array probe (UF-4300R®, Fukuda Denshi Co., 
Ltd, Tokyo, Japan) by the well trained physicians of 
our department. Images were obtained 20 mm proxi-
mal to the origin of the carotid bulb at the far wall by 
the IMT measurement software, Intimascope (Media 
Cross Co., Ltd, Tokyo, Japan)17). The mean value of 
the bilateral average mean-IMT level was used as 
mean carotid IMT level.

Statistical Analysis
Data are presented as the means±SD or percent-

CKD10). It is also reported that matrix metalloprotein-
ases (MMPs), which generate endostatin from the extra-
cellular matrix, are associated with carotid IMT11, 12). 
Based on these findings, we hypothesized that the 
serum endostatin levels would be positively associated 
with carotid IMT. To examine this hypothesis, we ana-
lyzed this relationship in a healthy Japanese popula-
tion.

Subjects and Methods

Study Participants
This study is part of the Kyushu and Okinawa 

Population Study (KOPS) survey of vascular events 
associated with lifestyle-related diseases10, 13-15). Eligible 
participants were 1,057 residents who took part in 
free public physical examinations between 2010 and 
201113). The following residents were excluded from 
analysis: 1) 28 because of insufficient data; 2) 44 who 
did not agree to undergo carotid ultrasonographic 
measurement; 3) 77 who had a history of cardiovascu-
lar disease, malignancy, or a chronic inflammatory dis-
ease (collagen disease or inflammatory bowel disease); 
4) 260 receiving treatment for hypertension, diabetes, 
or dyslipidemia. After exclusions, the data of 648 sub-
jects (200 men and 448 women) were available for 
analysis. The age of the subjects ranged from 24 to 84 
years [mean±standard deviation (SD): 56.3±10.6 
years]. Written informed consent was obtained from 
each participant prior to the examination. The study 
was conducted in accordance with the principles of 
the Helsinki Declaration of 1975, as revised in 2000. 
Some of the data from the KOPS were published pre-
viously10, 13-15).

Anthropometric Measurement and Questionnaire
Anthropometric measurements were performed 

with each subject wearing indoor clothing and with-
out shoes. Body mass index (BMI) was calculated as 
weight [kg] divided by height [m] squared. Systolic 
and diastolic blood pressure (SBP and DBP) were mea-
sured on the right arm, in the sitting position, with an 
automated sphygmomanometer (HEM-780, Omron 
Healthcare, Kyoto, Japan) after a five minute rest.

Each subject completed a self-administrated ques-
tionnaire to gather information about personal medi-
cal history, family medical history, use of drugs, smok-
ing status (current or non-current), and alcohol con-
sumption (habitual or non-habitual). The question-
naire was checked for unfilled or inconsistent answers, 
first by nurses and again by our staff physicians.

Laboratory Measurements
As part of a free public physical examination, 
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0.14 vs. 0.65±0.09 mm, P＜0.001). Age, sex, habit-
ual drinking, SBP, DBP, HbA1c, LDL cholesterol level, 
and eGFR were also significantly different between 
the participants with above and below median end-
ostatin levels.

Association between Endostatin and Carotid Ath-
erosclerosis

Univariate analysis determined that age (r =0.38, 
P＜0.001), BMI (r =0.10, P=0.008), HbA1c (r =0.18, 
P＜0.001), and eGFR (r =－0.11, P=0.003) were asso-
ciated with mean carotid IMT. The mean value of 
carotid IMT was significantly higher for men than 
women (0.73 vs. 0.65 mm, P＜0.001), habitual drink-
ers than sometime or non-drinkers (0.73 vs. 0.67 mm, 
P＜0.001), and current smokers than past or non-
smokers (0.70 vs. 0.67 mm, P=0.04). The log-trans-
formed endostatin level was also significantly associ-
ated with carotid IMT (r =0.26, P＜0.001). In con-
trast, SBP, DBP, LDL cholesterol, and log-transformed 
hs-CRP were not significantly associated with carotid 
IMT. The log-transformed serum endostatin level was 
not significantly correlated to carotid IMT in multiple 
linear regression adjusted for the known covariates of 
age, sex, BMI, drinking status, smoking status, SBP, 
DBP, HbA1c, LDL cholesterol, eGFR, and log-trans-
formed hs-CRP (Table 2: Model 1). However, in mul-
tivariate analysis with categorized serum endostatin 
[above (≥ 63.7 ng/mL) vs. below (＜63.7 ng/mL) 
median serum endostatin level], above median serum 
endostatin was independently associated with carotid 

age. Because the distributions of the serum endostatin 
and hs-CRP levels were highly skewed, they were log-
transformed before the statistical analysis and expressed 
as the median (interquartile ranges). The univariate 
associations between carotid IMT and clinical vari-
ables were assessed using Pearson’s correlation coeffi-
cient analysis (categorical variables were compared with 
the difference between groups). For comparisons of 
participants with an above/below median serum end-
ostatin level, unpaired Student’s t -test was used to com-
pare mean values, and the chi-square test was used to 
evaluate differences in prevalence rates. Analysis of 
covariance was performed to detect differences between 
participants with an above/below median serum end-
ostatin level after adjustment for confounding factors. 
The statistical analysis was performed using SPSS 
ver.22.0 (SPSS Inc., IBM, Somers, NY). A two-tailed 
P value of ＜0.05 was considered statistically signifi-
cant.

Results

Clinical Characteristics
The median endostatin level was 63.7 ng/mL 

(interquartile range: 49.7 –93.2 ng/mL) and the mean 
endostatin level was 72.2 ng/mL (Fig.1). The clinical 
characteristics of the subjects with above (≥ 63.7 ng/
mL) and below (＜63.7 ng/mL) median endostatin 
levels are presented in Table 1. Subjects with above 
median endostatin had significantly higher carotid 
IMT than those with below median endostatin (0.71±
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Fig.1. Distribution of the serum endostatin level of 648 healthy Japanese subjects.
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Discussion

The main findings of the present study are that a 
high serum endostatin level was significantly associ-
ated with carotid IMT in this healthy population, but 
that traditional risk factors for atherosclerosis, such as 
blood pressure, blood glucose, and blood lipids18), 
were not. To the best of our knowledge, this is the first 
study to show an association between the circulating 
endostatin level and subclinical atherosclerosis in 
healthy individuals with low cardiovascular risk.

IMT (Table 2: Model 2), but SBP, HbA1c, and LDL 
cholesterol were not.

In addition, we evaluated the carotid IMT levels 
of participants with above (≥ 63.7 ng/mL) and below 
(＜63.7 ng/mL) median endostatin levels (Fig.2). Even 
after adjustment for the known covariates age, sex, 
BMI, drinking and smoking status, SBP, DBP, HbA1c, 
LDL cholesterol, eGFR, and log-transformed hs-CRP, 
the participants with above median endostatin had a 
higher mean carotid IMT level than did those with 
below median endostatin (0.67 vs. 0.64 mm, P=0.029).

Table 1. Clinical characteristics by serum endostatin level

Variable
Below median endostatin
(＜63.7 ng/mL, n=324)

Above median endostatin
(≥63.7 ng/mL, n=324)

P value

Serum endostatin (ng/mL)
Age (years)
Man, n (%)
Body mass index (kg/m2)
Habitual drinker, n (%)
Current smoker, n (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
HbA1c (%)
LDL-cholesterol (mmol/L)
eGFR (ml/min/1.73 m2)
hs-CRP (mg/L)
Carotid IMT (mm)

49.7 (43.1-56.3)
52.4±9.3
78 (24.1)

22.5±3.2
42 (13.0)
41 (12.8)

127.4±18.7
75.9±12.7

5.4±0.5
3.2±0.8

82.3±15.2
0.26 (0.11-0.58)

0.65±0.09

93.2 (77.1-110.2)
60.1±10.4
122 (37.7)
22.5±2.9
80 (24.7)
33 (10.2)

122.4±17.0
73.4±11.9

5.5±0.4
3.1±0.8

74.6±13.3
0.28 (0.13-0.64)

0.71±0.14

＜0.001
＜0.001
＜0.001

0.997
＜0.001

0.324
0.004
0.035

＜0.001
0.009

＜0.001
0.089

＜0.001

Data are presented as the mean±standard deviation, median (interquartile ranges), or number of subjects (percent) for categorical variables. Overall 
P values were calculated by unpaired t -test or chi-square test.
HbA1c: hemoglobin A1c, LDL: low density lipoprotein, eGFR: estimated glomerular filtration rate, hs-CRP: high sensitive C-reactive protein, 
IMT: intima-media thickness

Table 2. Multiple linear regression analysis of the association between carotid IMT and serum 
endostatin

Variable Beta P-value

Model 1＊ Age (years)
Sex (woman=0, man=1)
Body mass index (kg/m2)
Log-transformed serum endostatin

0.27
0.20

－0.01
0.09

＜0.001
＜0.001

0.894
0.107

Model 2＊ Age (years)
Sex (woman=0, man=1)
Body mass index (kg/m2)
High vs. low serum endostatin group
(below median=0, above median=1)

0.26
0.20

－0.01

0.11

＜0.001
＜0.001

0.891

0.029

Beta coefficient and P-value by multiple linear regression.
＊Adjusted for drinking status, smoking status, systolic BP, diastolic BP, HbA1c, LDL-cholesterol, eGFR, 
and log-transformed hs-CRP.
IMT: intima-media thickness, BP: blood pressure, LDL: low density lipoprotein, eGFR: estimated glomer-
ular filtration rate, hs-CRP: high sensitive C-reactive protein
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serum endostatin into a multivariate analysis. We had 
hypothesized that serum endostatin would be more 
strongly related to early atherosclerotic change than 
these traditional risks. In addition, because blood pres-
sure, glucose metabolism, and lipid metabolism were 
almost normal in the population studied, the influ-
ence of these traditional risk factors on atherosclerosis 
might not be strong. Although whether or not tradi-
tional risk factors related to atherosclerosis are inde-
pendently associated with serum endostatin in patients 
with high cardiovascular risk has not been studied, the 
impact of serum endostatin on atherosclerosis of 
patients with cardiovascular risk may be relatively 
small.

The direct mechanisms related to the serum end-
ostatin level and carotid atherosclerotic changes remain 
unclear. Endostatin is cleaved from collagen XVIII by 
proteinases such as MMP-3, -7, -9, -13, -14, and -20, 
elastase, and cathepsin L22-26). It has also been reported 
that specific serum MMPs are secreted by foam cells 
in atherosclerosis lesions27) and that they are positively 
associated with carotid IMT11, 12). MMP-9 is a key 
mediator in the development and progression of ath-
erosclerosis28). On the basis of these findings, it is pos-

In our study, the serum endostatin level was asso-
ciated with subclinical atherosclerosis. Over the past 
few years, several studies have reported that elevation 
of the circulating endostatin level is an independent 
predictor of cardiovascular mortality7), recurrence of 
cerebrovascular disease4), and the incidence of CKD19). 
Furthermore, it has been reported that serum end-
ostatin is elevated in patients with acute myocardial 
infarction20) or CKD21) and that it is associated with 
endothelial function, urinary albumin, and left ven-
tricular mass6). The results of our study are in accor-
dance with these results. Moreover, because the aver-
age age of our participants was 56.7 years and patients 
with a past history of atherosclerotic disease or who 
were taking antihypertensive, lipid-lowering, or glu-
cose lowering drugs were excluded, our results also 
suggest that the serum endostatin level is associated 
with atherosclerotic diseases of otherwise healthy indi-
viduals.

It is known that hypertension, diabetes, and dys-
lipidemia are traditional risk factors for atherosclero-
sis. However, in this study, blood pressure, blood glu-
cose, and blood lipids were not independently associ-
ated with carotid atherosclerotic change after casting 

Fig.2. Comparison of the mean carotid IMT of subjects with an above versus 
below median serum endostatin level.

Data shown as mean carotid IMT and 95% confidence intervals in comparison of the 
subjects with an above or below median serum endostatin level.
Carotid IMT was adjusted for age, sex, body mass index, drinking status, smoking status, 
systolic blood pressure, diastolic blood pressure, HbA1c, LDL cholesterol, eGFR, and log-
transformed hs-CRP.
Intergroup differences calculated by the post hoc Tukey’s HSD test.
IMT: intima-media thickness, HbA1c: hemoglobin A1c, LDL: low density lipoprotein, 
eGFR: estimated glomerular filtration rate, hs-CRP: high sensitive C-reactive protein.
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