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- ABSTRACT -

Association of Aortic Vascular Stiffness with Epicardial and
Pericardial Adipose Tissues on 64-Multidetector Computed
Tomography : In Relation with Coronary Atherosclerosis

Objectives: Increased measured vascular stiffness is an early marker of atherosclerosis and
is associated with cardiovascular risk factors. Coronary artery calcium (CAC) and adipose
tissues are accurate markers of overall burden of coronary atherosclerosis and metabolic
status, respectively. We evaluated the relation of vascular stiffness with epicardial (EAT) and
pericardial (PAT) adipose tissues, as well as the presence and severity of CAC.
Methods: One hundred and eleven consecutive subjects, mean age 59±11 years, 78% male,
underwent 64-multidetector row cardiac computed tomography (MDCT) and their carotidradial pulse wave velocity (PWV) was measured using SphygmoCor tonometry. EAT and
total thoracic adipose tissue (TAT) volumes were measured using MDCT. PAT was
calculated as TAT – EAT. The highest tertile of EAT (≥ 111 ml) and PAT (≥ 103 ml) were
defined as significant adipose tissue depots.
Results: PWV was moderately associated with EAT (r=0.46, p<.001), and PAT (r=0.41,
p<.001). PWV increased proportionally with the severity of CAC from 0-400+. The relative
risk of highest vs. lowest tertile of PWV was 3.03 (95% CI 1.22-7.51, p=0.01) for significant
EAT, 2.34 (95% CI 1.10-4.90, p=0.02) for significant PAT and 2.46 (95% CI 1.13-3.14,
p=0.01) for significant CAC (CAC 100+) after adjustment for conventional cardiovascular
i

risk factors. This relative risk was increased after combination of CAC 100+ with each
significant adipose tissue.
Conclusion: Increased vascular stiffness is associated with increase in EAT, PAT and
coronary atherosclerosis. EAT was associated with higher relative risk of PWV, compared
with CAC, suggesting a role of adipose tissue in vascular stiffness.

Keyword : Vascular stiffness, Epicardial adipose tissue, Pericardial adipose tissue, Coronary
atherosclerosis, Cardiac computed tomography
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I. INTRODUCTION

Arterial stiffness measured by pulse wave velocity (PWV) is an early manifestation of
atherosclerosis and an independent risk factor of cardiovascular outcome (Laurent et al., 2001).
It has been shown to correlate highly with the coronary atherosclerosis burden measured by
coronary artery calcium (CAC) (Liu et al., 2011).
Adipose tissue plays an important role in energy homeostasis storing lipid depot and
inflammation, as well by producing tumor necrosis factor (TNF)- , interleukin-6 (IL-6), and
other cytokines as an endocrine organ secreting hormone (Mazurek et al., 2003; Ahima, 2006).
As an active source of multiple bioactive factors, epicardial adipose tissue (EAT) was also
reported to be involved in plaque instability, arterial thrombosis (Tavora et al., 2010) and is
associated with increased adverse cardiac events (Taguchi et al., 2001; Rosito et al., 2008; Cheng
et al., 2010). Studies have also shown an association and a role of adipose tissues in coronary

atherosclerosis, which may be well explained by their proximity to the coronary vessels
(Taguchi et al., 2001; Jeong et al., 2007; Ahn et al., 2008; Sarin et al., 2008; Ahmadi et al., 2010).

Since adipose tissues are associated with the coronary atherosclerosis measured by CAC, it
may be important to evaluate the association of adipose tissues with PWV and whether such
an association is present in the absence of CAC in patients with arterial stiffness, which may
represent the early manifestation of atherosclerosis.
In this study, we evaluated whether 1) vascular stiffness is associated with the extent
of CAC as well as adipose tissue present around the heart [EAT and pericardial adipose
tissue (PAT), adipose tissue situated on outside the parietal pericardium within the
mediastinum], 2) vascular stiffness is associated with the extent of adipose tissue in subjects
-1-

without CAC using 64-multidetector row cardiac computed tomography (MDCT).
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II. STUDY POPULATION AND METHODS

A. STUDY POPULATION
The study included 128 consecutive outpatients who were referred for MDCT scan.
All patients were ≥18 years of age and were referred for chest pain, abnormal stress test,
shortness of breath, or syncope to evaluate coronary artery disease (CAD). Exclusion criteria
for the study included known allergy to iodine, rhythm disturbances, or renal failure. We
excluded the patient who had known CAD and previous stents (n=1). After MDCT, patients
were excluded if they had intracardiac devices pacemakers (n=3) or implantable cardioverter
defibrillators (n=1). Patients were also excluded from the study if epicardial and total
thoracic adipose tissue (TAT) could not be measured due to severe misalignment artifact
(n=1) or insufficient scan length (n=11). One hundred eleven patients were included to final
statistical analysis. The study protocol and consent form were approved by the Institutional
Review Board Committee.

B. MEASUREMENT OF CAROTID-RADIAL PWV
The radial and carotid artery sites were used to assess the PWV. Measurement of
carotid-radial PWV was performed after an overnight fast. All patients were asked to restrain
from consumption of caffeinated beverages and alcohol, and smoking for more than 12 hours
before the assessment. Studies were conducted in a quiet, temperature-controlled room (2325°C) one hour prior to a scheduled MDCT. Brachial blood pressure was measured using a
validated oscillometric device (705CP; Omron Co., Tokyo, Japan). After blood pressure was
measured, PWV was obtained in a supine position with applanation tonometry using the
-3-

SphygmoCor system (version 7·1; AtCor Medical Co., IL, USA). The surface distance from
the supra-sternal notch to the radial recording site was measured. PWV was calculated from
the distance between measurement points and the measured time delay (PWV= ∆Distance
between carotid and radial artery /∆time). All measurements were performed by one
investigator. This technique has been validated for its reproducibility and used extensively
(O'Rourke et al., 2002).

C. MDCT IMAGE ACQUISITION AND POST-PROCESSING
All MDCT images were acquired using 64-multidetector row Lightspeed VCT scanner
(General Electric Healthcare Co., Milwaukee, WI, USA). The details of the image acquisition
were previously published (Budoff et al., 2008). All patients underwent non-contrast and
contrast enhanced studies for CAD evaluation. The scan parameters for noncontrast scan
were 64×2.5 mm section collimation, 120 kV tube voltage, and 400 mA tube current,
acquired during 75% of RR interval using prospective electrocardiogram (ECG) triggering.
Applied scan parameters for contrast enhanced scan were 64×0.625 mm section collimation,
100 or 120 kV tube voltage, and 350-780 mA tube current. Dose modulation was used in all
cases to reduce radiation.

D. MEASUREMENT OF CAC SCORE
CAC was considered present in a coronary artery when a density of >130 Hounsfield
units was detected in >3 contiguous pixels (>1.02 mm2) overlying that coronary artery
and quantified using the previously described Agatston scoring method (Agatston et al., 1990).
The lesion score was calculated by multiplying the lesion area by the density factor obtained
-4-

from the maximal Hounsfield units (HU) in this area. The density factor was 1 for lesions
with a maximum density of 130-199 HU; 2 for a maximum density of 200-299 HU; 3 for a
maximum density of 300-399 HU and 4 for lesions with density >400 HU. Total calcium
score was determined by summing individual lesion scores from each of the four main
coronary arteries (left main, left anterior descending, circumflex, and right coronary arteries).

E. MEASUREMENT OF ADIPOSE TISSUE VOLUME
All adipose tissue measurements were performed on the axial slices on GE Advantage
Windows 4.4 Workstations using contrast enhanced MDCT images to help in the tracing out
of the pericardium by making it easily identifiable (Fig. 1).
EAT was defined as the adipose tissue present between the surface of the heart and the
visceral pericardium. The measurement of EAT was performed on axial images starting from
10 mm above the superior extent of the left main ostium to the last slice containing the part
of the pericardial sac. It was measured by manually tracing out the pericardium every 10
slices below the start point and software automatically tracing out the segments in between
selected slices. TAT measurement was performed using the same superior boundary as
described above. The inferior boundary was defined by the diaphragm. The anterior border
of the volume was defined by the chest wall and posterior border by the aorta, bronchi and
esophagus. Adipose tissue present in the posterior mediastinum and para-aortic adipose
tissue was not included in the TAT measurements. The observer was given interactive access
to the coronal and sagittal images to help facilitate accurate measurements.
Since absolute HU of the pixels correspond to the properties of that tissue selected,
volume analysis software was used to discern fat from other tissues using a threshold of -190
-5-

to -30 HU. PAT was calculated by subtracting out EAT from TAT volume. All adipose tissue
measurements were performed by one experienced MDCT reader, blinded to patient baseline
characteristics, PWV, and a precise CAC score.

Fig. 1. Quantification of epicardial (EAT) and thoracic adipose tissue (TAT) using dedicated
software using contrast enhanced MDCT. For EAT volume (A), the border of the pericardium was
traced manually on axial slices for EAT volume starting from 10mm above the left main ostium to the
last slice containing the part of pericardial sac in every 10 slices. The anterior border was defined by
the chest wall and posterior border by the aorta, bronchi and esophagus for TAT volume (B).
Hounsfield units from −190 to −30 were assigned to isolate adipose tissue within the total selected
volume. Adipose tissue within the selected volume was automatically quantified (C).

F. STATISTICAL ANALYSIS
All statistical analyses were performed with PASW version 18.0 (SPSS, Chicago, IL,
USA). Continuous variables are shown as mean ± standard deviation (SD) where applicable,
-6-

otherwise, medians and 25th and 75th percentiles (interquartile range [IQR]) are given. All
categorical data are reported as a percentage or absolute number. Kruskal-Wallis tests and
analysis of variance tests were used to assess differences between groups. CAC score was
classified according to the calcium score groupings of 0 (n=19), 1-100 (n=28), 101-400
(n=33), 400+ (n=31). The association of vascular stiffness with each adipose tissue depot as
well as CAC was analyzed by multiple regression analysis. A Spearman correlation was used
for correlation between EAT, PAT, and PWV. The logistic regression analyses were employed
to assess the relation of increased PWV and each adipose tissue volume as well as significant
CAC (CAC 100+). Increased PWV (>8.5 m/s) was defined as the highest tertile of PWV,
compared to the lowest tertile of PWV (<7.4 m/s). The highest tertile of EAT (≥111 ml) and
PAT (≥103 ml) were defined as significant adipose tissue depots. Interrelations were studied
using linear regression analysis. These analyses were adjusted for age, gender, and other
traditional cardiovascular risk factors such as diabetes, hypertension, hypercholesterolemia,
family history of premature CAD, smoking status, and body mass index (BMI).

-7-

III. RESULTS

The baseline characteristics of 111 consecutive participants are summarized in Table 1
according to their PWV categories. The mean PWV in the entire cohort was 7.9±1.2 m/s.
There were no significant differences among PWV categories in the prevalence of
cardiovascular risk factors except smoking status (Table 1). There was a modest correlation
between EAT (r=0.46, p<.001) and PAT (r=0.41, p<.001) volumes with PWV. Similarly, EAT
and PAT were significantly increased with each tertile increase in PWV (Table 1 and Fig. 2A).
The minimal mean EAT and PAT were observed in the lowest PWV cohort, whereas the
maximal mean EAT and PAT were observed in the highest PWV cohort. PWV (m/s)
increased proportionally with the presence and severity of CAC from CAC 0 to CAC 400+
(8.1±0.1, 8.5±0.1, 8.8±0.1, 9.3±0.2, respectively, p=.001) (Fig. 2B). CAC was significantly
increased with each tertile increase in PWV (Fig. 2C). Significant association between
increase in adipose tissues (EAT and PAT) with the severity of CAC was observed (Fig. 2D).
After adjustment for cardiovascular factors using linear regression analysis, the EAT
and PAT increased 48.6 cm3, and 27.4 cm3 with each tertile increase in PWV from lowest to
the highest PWV (p=.001, p=.002, respectively) (Table 2A). Significant EAT and PAT were
independent predictors of increased PWV, after adjustment for cardiovascular risk factors
using logistic regression analysis. The relative risk of the highest vs. lowest tertile of PWV
was 3.03 (95%CI 1.22-7.51, p=0.01) for significant EAT, 2.34 (95%CI 1.10-4.90, p=0.02)
for significant PAT, and 2.46 (95%CI 1.13-3.14, p=0.01) for significant CAC after
controlling for cardiovascular risk factors. Combination of CAC 100+ and significant
adipose tissues provide more robust relative risk than either alone (Table 2B). Each adipose
-8-

tissue volume was increased proportionally in each CAC category as PWV increased.
Similarly, each adipose tissue volume was increased in each PWV category as CAC
increased (Fig. 3). The maximum level of adipose tissue volume was observed in a group
with the highest CAC and PWV. The minimum level of adipose tissue volume was found in
a group with CAC 0 (AU) and PWV <7.4 (m/s). Interestingly, among subjects without
burden of coronary atherosclerosis (CAC 0), adipose tissues (p=0.001 for EAT, p=0.001 for
PAT) were increased proportionally with each category increase in PWV.

-9-

Table 1. Baseline characteristics divided by pulse wave velocity (PWV).
Total

Lowest Tertile PWV

Mid Tertile PWV

Highest Tertile PWV

N=111

N=18

N=40

N=53

Age (years)

59±11

60±7

59±11

60±10

0.9

Male, n (%)

87 (78)

14 (80)

28 (70)

45 (85)

0.2

Diabetes, n (%)

12 (11)

2 (10)

4 (10)

6 (11)

0.9

Hypertension, n (%)

52 (47)

5 (28)

21 (53)

26 (49)

0.2

Hypercholesterolemia, n (%)

65 (59)

10 (56)

27 (68)

28 (53)

0.6

Family History of CAD, n (%)

56 (50)

9 (50)

20 (51)

27 (50)

0.9

Smoking Status, n (%)

26 (23)

2 (13)

10 (24)

14 (27)

0.01

Systolic blood pressure (mmHg)

131±17

127±17

133±16

136±20

0.2

Diastolic blood pressure (mmHg)

78±11

79±9

78±9

80±10

0.6

27.7±4.5

27.5±4.7

27.9±4.2

27.6±4.6

0.8

2

BMI (kg/m )
CAC score (AU), median (IQR)

P-value

215 (38-304)

38 (32-159)

196 (42-290)

290 (67-437)

0.03

3

89±42

35.5±9.2

64.4±9.7

125.1±30.4

<.001

3

79±52

54.3±10.2

61.3±8.7

101.9±20.9

<.001

EAT (cm )
PAT (cm )

AU; Agatston units. BMI; body mass index. CAC; coronary artery calcium. CAD; coronary artery disease. EAT; epicardial adipose tissue. IQR;
interquartile range. PAT; pericardial adipose tissue. Lowest tertile of PWV; PWV<7.4 m/s, mid tertile of PWV; PWV 7.4-8.5 m/s, and highest
tertile of PWV; PWV >8.5 m/s. Values are presented as mean±standard deviation.
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Fig. 2. Mean values of (A) volume of epicardial (EAT) and pericardial adipose tissue (PAT)
across tertiles of pulse wave velocity (PWV), (B) PWV across coronary artery calcium (CAC)
score, and (C) CAC score across tertiles of PWV (p=0.03), and (D) increasing volume of EAT
and PAT with higher CAC score groups (p=.001, p=.001, respectively). Models were adjusted for
conventional risk factors. Lowest tertile of PWV; <7.4 m/s, mid tertile of PWV; 7.4-8.5 m/s, and
highest tertile of PWV; >8.5 m/s.
Table 2. (A) Increase in epicardial adipose tissue (EAT) and pericardial adipose tissue (PAT)
- 11 -

Volume as well as coronary artery calcium (CAC) score with each tertile increase in pulse wave
velocity (PWV), and (B) relative risk of increased pulse wave velocity (PWV) by increased
epicardial adipose tissue (EAT), pericardial adipose tissue (PAT), and significant coronary
artery calcium (CAC).
A.
Adjusted Model a
PWV b

EAT (cm3)

PAT (cm3)

CAC (AU)

48.6 (42.6-54.6), p=0.001

27.4 (19.9-39.8), p=0.002

67 (36-130), p<0.001

a

Generalized linear models. Adjusted for age, gender, diabetes, hypertension, hypercholesterolemia,
family history of coronary artery disease, smoking status, and body mass index. b Each tertile increase
in PWV.
B.
Lowest tertile of PWV e

Highest tertile of PWV f

P-value

EAT (cm3) b

1 (Ref)

3.03 (1.22- 7.51)

0.01

3 b

1 (Ref)

2.34 (1.10-4.90)

0.02

Adjusted Model a

PAT (cm )

CAC (AU) c

1 (Ref)

2.46 (1.13- 3.14)

0.01

d

1 (Ref)

12.06 (1.59-37.49)

0.01

CAC & PAT d

1 (Ref)

6.71 (1.18-24.90)

0.03

CAC & EAT

a

Logistic regression analysis. AU; Agatston units. CI; confidence interval. Adjusted for age, gender,
diabetes, hypertension, hypercholesterolemia, family history of coronary artery disease, smoking
status, and body mass index. b Highest tertile vs. lower 2 tertiles of EAT or PAT. c CAC 100+ vs. CAC
0-99. d CAC 100+ and highest tertile vs. CAC 0-99 and lower 2 tertiles of EAT or PAT.
f

tertile of PWV; PWV<7.4 m/s. Highest tertile of PWV; PWV>8.5 m/s.
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e

Lowest

Fig. 3. Relationship of epicardial and pericardial adipose tissue with vascular stiffness and
coronary atherosclerosis. Epicardial and pericardial adipose tissues increased with each tertile
increase in pulse wave velocity and coronary artery calcium categories. The highest volume of each
adipose tissue was observed in a group with coronary artery calcium (CAC) score 400+ (Agatston
units) and pulse wave velocity (PWV) 8.5 + (m/s) (both significant, p<.001 for the trend).
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IV. DISCUSSION

PWV is a relatively simple, noninvasive test that could be a useful adjunct to
conventional CAD risk factors in identifying patients at increased risk for future
cardiovascular events. The present study demonstrates the following: 1) EAT and PAT were
highly correlated with PWV and were found to be independent predictors of increased PWV,
2) the highest levels of adipose tissues were found in patients with the highest PWV and
CAC score and groups without CAC had the least adipose tissues, and 3) in patients with
CAC score of zero, adipose tissues volumes increased with the severity of PWV.

A. ASSOCIATION OF VASCULAR STIFFNESS WITH ADIPOSE
TISSUE
Vascular stiffness is a marker related to the severity of atherosclerosis and/or
predicting the risk of cardiovascular disease (Willum-Hansen et al., 2006). Visceral adiposity of
the abdomen has been identified as a risk factor for accelerated arterial stiffening in elderly
participants (Sutton-Tyrrell et al., 2001). Natale et al (Natale et al., 2009) reported that increased
echocardiographic measurement of EAT was associated with increased carotid vascular
stiffness. There are a number of mechanisms such as increased insulin resistance, stimulation
of the sympathetic nervous system, or impaired endothelium-dependent vasodilation by
which adipose tissue might contribute to vascular stiffening (O'Hare et al., 1989; ter Maaten et
al., 1999; Montagnani and Quon, 2000). Inflammation originating from obesity (Yudkin et al.,
1999) and an increased level of the hormone leptin were reported to be associated with

reduced arterial distensibility (Singhal et al., 2002). In our study, each volume of adipose tissue
- 14 -

surrounding the heart was increased in patients with higher vascular stiffness. It was an
independent predictor for the highest tertile of PWV after adjustment for conventional
cardiac risk factors, more than the CAC.
Interestingly, in patients without CAC, PWV was increased in patients with higher
levels of EAT and PAT. This implies that the anatomical marker of the volume of visceral
adipose tissue is influential in predicting vascular stiffness as an early marker of subclinical
atherosclerosis. This suggests early systemic interaction of visceral adipose tissues with
vascular stiffness prior to atherosclerotic burden of coronary vasculature.

B. ASSOCIATION OF VASCULAR STIFFNESS WITH CAC
It has been reported that increased PWV is associated with a higher total CAC and
coronary artery plaque burden (McLeod et al., 2004; Kullo et al., 2006). Common etiological
factors of vascular stiffness and atherosclerosis, presence of atherosclerosis itself (Farrar et al.,
1991), and mediators related with atherosclerosis (Wang and Fitch, 2004) might explain this

association between vascular stiffness and atherosclerosis. In this study, PWV was increased
with the increased extent of CAD represented by CAC. CAC 100+ was an independent
predictor for the highest tertile of PWV after adjustment for conventional cardiovascular risk
factors.

C. ASSOCIATION OF ADIPOSE TISSUE WITH CAC
EAT or PAT is associated with CAD (Taguchi et al., 2001; Jeong et al., 2007; Rosito et al.,
2008; Sarin et al., 2008). In this study, we measured the whole EAT and PAT around the heart

by MDCT, because EAT and PAT are concentrated in the atrioventricular and interventricular
- 15 -

grooves and along the major branches of the coronary arteries in the normal heart (Iacobellis
et al., 2005). Considering its anatomical location, surrounding the coronary arteries and the

myocardium, EAT may play a potent role in the pathogenesis of CAD as an endocrine organ.
In fact, segments of coronary arteries lacking EAT or separated from it by a bridge of
myocardial tissue are reported to be protective against the development of atherosclerosis in
those segments (Ishikawa et al., 1997). PAT situated on outside the parietal pericardium is
supplied by the pericardiacophrenic artery, a branch of internal mammary artery (Taguchi et
al., 2001). Presently, PAT was related with CAC as well as EAT. This suggests that both

adipose tissues depots producing pro-inflammatory mediators and cytokines are suspected to
have a local influence on the underlying coronary arteries as paracrine organs.
This study had several limitations. Carotid-femoral PWV is considered as the ‘goldstandard’ measurement of arterial stiffness (Laurent et al., 2006). Although we measured
carotid-radial PWV for arterial stiffness, it was known that correlation of carotid-femoral vs.
carotid-radial PWV measurements is high (r2 =0.90) (Di Iorio et al., 2010). This was a crosssectional study. The sample size was relatively small. To conclusively clarify the
endocrinologic roles of adipose tissues related to vascular stiffness and CAD, more studies
including biomarkers (e.g., C-reactive protein, adiponectin, insulin) are needed.
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V. CONCLUSION

This study reveals the association of EAT and PAT, measures of obesity with an effect
on coronary atherosclerosis, with vascular stiffness, which is an early manifestation of
atherosclerosis. This association persisted even in patients with CAC scores of zero, which
indicates the probability of early systemic interaction of vascular stiffness with visceral
adipose tissue prior to subclinical coronary atherosclerosis. Our findings suggest that
measures of vascular stiffness can identify individuals at risk for CAD, and metabolic
disorders. EAT and PAT are useful anatomical indicators showing association with increased
vascular stiffness and coronary atherosclerosis.

- 17 -
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- 국문요약 -

대동맥 혈관 경직도와 64 채널 다중 검출기 심장 전산화
단층 촬영에서 측정된 심외막 및 심장막주변 지방 조직과의
연관성

아주대학교 대학원의학과 순환기내과
최 태 영
(지도교수: 탁 승 제)

목적: 증가된 대동맥 혈관 경직도는 죽상경화증의 조기 표지자로 심혈관
사건의 위험인자로 알려져 있으며, 관동맥 석회화 (coronary artery calcium, CAC)
및 지방 조직은 각각 관동맥 죽상경화 및 체내 대사성 상태를 반영할 수 있는
것으로 알려져 있다. 본 논문에서는 대동맥 혈관 경직도와 심외막 (epicardial
adipose tissue, EAT) 및 심장막주변 지방 (pericardial adipose tissue, PAT)과의
연관성을 CAC 정도와 관련하여 알아보고자 하였다.
방법: 흉통을 주소로 내원하여 64채널 다중 검출기 심장 전산화 촬영
(multi-detector cardiac computed tomography, MDCT) 및 경동맥-요골동맥 맥파 속도
(pulse wave velocity, PWV)을 측정한 111명 (남성 87명, 평균 연령 59±11세)의
환자를 대상으로 MDCT에서 EAT 및 흉곽내 지방 (thoracic adipose tissue, TAT)을
측정하였고 TAT에서 EAT을 감한 값을 PAT로 정의하였다.
결과: PWV은 EAT (r=0.46, p<.001) 및 PAT (r=0.41, p<.001)와 중등도 연관성을
보였고, CAC이 증가할수록 PWV도 증가하는 양상을 보였다. 일반적 심혈관 위험
인자를 보정했을 때, 최고 삼분위의 EAT (≥ 111 ml) 및 PAT (≥ 103 ml), CAC
100+에서 최고 삼분위의 PWV을 보일 상대 위험도는 각각 3.03 (95% 신뢰구간
[CI] 1.22-7.51, p=0.01), 2.34 (95%CI 1.10-4.90, p=0.02), 2.46 (95% CI 1.13-3.14, p=0.01)
이었으며, 최고 삼분위의 EAT, PAT에 CAC 100+을 조합하였을 때 그 상대
위험도는 더욱 증가하였다.
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결론: 대동맥 혈관 경직도의 증가는 EAT, PAT 및 관동맥 죽상경화와
관련이 있으며, 특히 EAT는 CAC에 비하여 대동맥 혈관 경직도에 대한 높은
상대 위험도를 보였다. 이는 심장 주위로 분포된 지방이 대동맥 혈관 경직도
관련하여 중요한 역할을 담당할 수 있음을 제시한다.

핵심어: 혈관 경직도, 심외막 지방, 심장막주변 지방, 관동맥 죽상경화증, 심장
전산화 단층 촬영
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