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Background: Coronary artery disease, fatty liver disease, cardiac abnormalities, the metabolic syndrome, 
and insulin resistance may all occur in association with an increase of epicardial adipose tissue volume (EATV). 
Previous studies have shown that some cardiovascular-risk factors and healthy behaviors were related to a 
lower risk of EATV increase. The main purpose of this study was to determine whether ideal cardiovascular 
health (CVH) metrics were correlated with the prevalence of high EATV.
Methods: The study commenced across 2013 and 2014 and involved volunteers from the Jidong (East 
Hebei) district. A cohort of 2,482 participants aged 45 years or older were randomly selected, of which 
49.9% were women and none were diagnosed as having cancer, stroke, or heart diseases such as atrial 
fibrillation, heart failure, or myocardial infarction. The study collected information concerning seven CVH 
metrics; namely body mass index, dietary intake, smoking, blood pressure, physical activity, total cholesterol, 
and fasting blood glucose, and evaluated EATV based on computed tomography. Finally, an analysis of the 
relationship between ideal CVH metrics and the prevalence of high EATV was made applying multiple 
logistic regression.
Results: On the basis that age, gender, and other potential confounding factors are adjusted, comparing 
the participants having an ideal CVH index of 2, 3, 4, 5 and 6–7 with those having a 0–1 metric, the adjusted 
odds ratios (95% confidence interval) of high EATV were as follows: 0.893 (0.468–1.705), 0.581 (0.316–
1.069), 0.368 (0.202–0.670), 0.218 (0.119–0.400), and 0.161 (0.085–0.306) (P trend less than 0.0001). Similar 
negative correlations were also seen in other cases of different age groups and gender groups, where all P 
trends were less than 0.0001.
Conclusions: The number of ideal CVH metrics in the northern Chinese population is negatively 
correlated with the prevalence of high EATV, supporting the greater use of EATV as a useful parameter in 
clinical practice.
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Introduction

On a global scale, cardiovascular disease is the leading 
cause of death accounting for nearly 30% of the annual 
global death toll (1). The American Heart Association 
(AHA) formulated the ideal cardiovascular health (ICVH) 
metrics, which used ideal levels of seven cardiovascular risk 
factors and healthy behaviors as indicators, to effectively 
assess the cardiovascular health of the population. These 
seven indicators included nonsmoking, a healthy diet, 
active physical activity, low body mass index, and low blood 
pressure, fasting blood sugar, and total cholesterol (2).  
Unlike the concept of “primary prevention”, the AHA 
ICVH underlines the potential concept of “primordial 
prevention”, which means it aims to encourage the 
population to practice a healthier lifestyle to avoid risk 
factors, rather than to prevent disease (3). Since being 
established, ICVH metrics have been used worldwide to 
monitor population cardiovascular health and assess the 
risk of CVD as a simplified 7-item tool which has a positive 
correlation with a lower incidence of cardiovascular disease 
and lower cardiovascular and all-cause mortality (4-7).

Epicardial adipose tissue (EAT) is the fat depot 
between the myocardium and the pericardial visceral 
layer. It is located next to the myocardium within the right 
ventricular sidewall and the left ventricular anterior wall, 
surrounding the right coronary artery and the anterior 
descending branch of the left coronary artery (8,9). With 
many local and systemic effects, EAT is a distinctive and 
multifaceted fat tissue. Research concerning epicardial 
fat tissue has developed very rapidly with the discovery 
of its key position, its unique metabolic characteristics, 
and clinical measurability (9). EAT is anatomically and 
functionally contiguous with the myocardium (8), with 
which it shares an unobstructed microcirculation, and has 
many unique and complex physiological functions, grossly 
distinguished by metabolic, thermogenic, secretory and 
mechanical properties (8,10). However, in obese and type 
2 diabetes patients, the EAT becomes thicker or bulkier, 
and this dysfunctional EAT may lead to the occurrence of 
cardiovascular diseases including coronary heart disease 
(CAD) (11-13). Increased amounts of EAT are associated 
with coronary artery disease, metabolic syndrome, insulin 
resistance, fatty liver, and heart abnormalities. While 
epicardial fat can be observed and measured using standard 
non-invasive imaging methods including echocardiography, 
multi-slice spiral CT, and MRI (14-16), some of these 
methods lack sensitivity and specificity, and no recognized 

cut-off value of EAT thickness or volume has yet been 
established. 

In this context, the hypothesis that ICVH factors and 
behaviours would produce an effect on EAT amounts arose, 
and on this basis, we carried out this cross-sectional analysis 
to probe into the relevance between ideal cardiovascular 
metrics and EAT volume (EATV) in a northern Chinese 
population. In addition, we provide a further discussion on 
EAT quantification and cardiovascular health to provide 
evidence of the availability of EAT quantification in clinical 
practice.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-1798).

Methods

Study design and population

Data was collected from a prospective, community-based 
study of Chinese adults conducted in Jidong, a community 
located in the large-scale and modern industrial city 
of Tangshan, situated in the central zone of the Bohai 
Rim region in Hebei Province in northern China. Some 
related research from this study has been reported in detail 
previously (17,18). From July 2013 to August 2014, 9,078 
residents of the Jidong community were recruited for the 
study including 3,590 subjects aged 45 years or older who 
had complete information on the results of an examination 
using computed tomography (CT) for EATV. Of these, 
238 participants were excluded because of a history of 
cancer, stroke, and heart-related diseases such as atrial 
fibrillation, myocardial infarction, or heart failure. We also 
excluded 870 subjects with incomplete information on ideal 
cardiovascular health and other baseline data including 
education level, income, and alcohol consumption. Finally, 
2,482 subjects (including 1,243 males and 1,239 females) 
remained in the study (Figure 1).

The research was performed following guidelines of 
the Helsinki Declaration (as revised in 2013) and was 
authorized by the local Ethics Committee of Jidong Oil- 
field, Inc. Medical Centers. All participants provided signed 
informed consent.

Assessment of cardiovascular health metrics

According to the guidelines of the AHA, the seven 
cardiovascular health metrics were divided into three levels: 

http://dx.doi.org/10.21037/atm-21-1798
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Figure 1 Flowchart of this study.

A total of 9,078 residents were recruited 
at baseline

3,590 subjects (≥45 years) with 
complete information on CT data

A total of 2,482 participants were 
included in the analysis

238 with the history of cancer, stroke, 
atrial fibrillation, heart failure or 

myocardial infarction870 with missing data of ideal 
cardiovascular health and other 

baseline information

Male: 1,243 
(50.1%)

Female: 1,239 
(49.9%)

“poor”, “intermediate”, and “ideal” (2). For the smoking 
metric, poor represented current smoking, intermediate 
represented former smoking in less than 1 year, and ideal 
represented never smoking or quit smoking for more 
than 1 year. For the BMI index, exceeding 30 kg/m2 was 
defined as poor, while 25–29.9 kg/m2 was intermediate, 
and less than 25 kg/m2 was ideal. For physical activity 
metrics, poor was determined as never doing any exercise, 
intermediate indicated weekly exercise not more than  
150 minutes in moderate intensity or 75 minutes in vigorous 
intensity, and ideal indicated exercise time per week greater 
than 150 minutes in moderate intensity or 75 minutes  
in vigorous intensity. For healthy dietary behavior, 
poor represented a dietary intake of 0 or 1 component, 
intermediate represented 2 or 3 components, and ideal 
represented 4 or 5 components. For total cholesterol status, 
total cholesterol greater than 240 mg/dL was considered 
poor, between 200 and 239 mg/dL was considered 
intermediate, and less than 200 mg/dL or having reached 
that goal after treatment was considered ideal. For blood 
pressure values, systolic blood pressure (SBP) ≥140 mmHg 
or diastolic blood pressure (DBP) ≥90 mmHg was classified 
as poor, SBP 120–139 mmHg and DBP 80–90 mmHg, and 
having reached that goal after treatment was classified as 
intermediate, and SBP less than 120 mmHg and DBP less 
than 80 mmHg and untreated was classified as ideal. Fasting 
blood glucose level was classified as poor (0–125 mg/dL), 
intermediate (100–125 mg/dL and reached that goal after 

treatment), or ideal (<100 mg/dL while untreated). 
Data on smoking, physical activity, and dietary intake was 

gathered from questionnaires. Based on the information 
reported by the participants themselves, smoking status 
was divided into three categories: “never”, “former” 
and “current” and the status quo of physical activity 
was based on answers about the type and frequency of 
physical activity during working hours and leisure time. 
The collection of dietary data was based on a short semi-
quantitative food frequency questionnaire which is based 
on the AHA’s definition of eating habits (2). A healthy diet 
requires ≥4.5 servings of fruits and vegetables per day; ≥2 
servings of fish or mollusk per week; ≥3 servings of fiber 
enriched whole grains per day; intake of sugary drinks once 
a week or less; and salt intake less than 6 g per day. Based 
on the results collected by our questionnaire, the three 
indicators of smoking status, physical activity and dietary 
intake were divided into three levels: poor, intermediate 
and ideal. As example, for smoking status, a “poor” group 
represented people who still smoke, an “intermediate” 
group represented people who smoked before, and an “ideal” 
group included people who have never smoked.

We conducted accurate measurements of the height 
and weight of the participants to one decimal place, and 
calculated body mass index (BMI) based on this, for which 
the calculation formula is: BMI=weight/height*height. A 
mercury sphygmomanometer with an appropriate size cuff 
was used to measure blood pressure with an accuracy of  
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2 mmHg. After resting on a chair for more than 5 minutes, 
two measurements of the systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) at a 5-minute intermission 
were performed and the average of these results was used 
as the data for final analysis. If the difference between the 
first two blood pressure measurements exceeded 5 mmHg, 
a third measurement was performed, and finally the average 
value of the three measurement results was used. The 
criteria for hypertension was as follow: hypertension history, 
or taking antihypertensive drugs, or a SBP exceeding 140 
mmHg, or a DBP exceeding 90 mmHg.

After overnight fasting, blood samples collected by 
experienced phlebotomists were stored immediately in 
tubes containing ethylene diamine tetraacetic acid at a 
temperature of 4 ℃. The venous blood samples were 
then centrifuged at 3,000 rpm for 10 minutes at room 
temperature (25 ℃), and the separated plasma samples were 
valid for 4 hours. Using an automatic analyzer (AU400, 
Olympus, Japan) as the measurement tool, biochemical 
indicators including total cholesterol (measured by the 
endpoint test method for TC), triglycerides (measured by 
the GPO method for TG), and fasting blood glucose levels 
were tested at the testing center of Jidong Oilfield Hospital. 
Those with a fasting blood glucose over 7.0 mmol/L, 
people who were currently being treated with insulin or 
oral hypoglycemic drugs, or those having a history of self-
reported diabetes, were collectively referred to as diabetic 
patients and those currently using cholesterol-lowering 
drugs, or a total cholesterol level greater than 220 mg/dL,  
or triglycerides greater than 150 mg/dL, or those with 
relevant medical history, were collectively referred to as 
hyperlipidemia patients.

This study created a dichotomy variable for the 
components of each health indicator, with 1 representing 
“ideal”, and 0 representing “intermediate” and “poor” (both 
regarded as “non-ideal”). The overall effect of each health 
indicator has been tested.

Assessment of potential covariates

We used questionnaires to collect demographic information 
including age, gender, education level, income, and alcohol 
consumption and divided participants into two categories, 
namely 45–59 years old and ≥60 years old. The average 
salary of every family member per month was classified as 
“<¥3,000”, “¥3,000–5,000” or “>¥5,000”, and participants’ 
educational attainment was categorized as “primary school 
or below”, “middle or high school”, and “college or 

above”. Alcohol intake was defined as “none”, “<a standard 
quantity”, and “≥a standard quantity”, where a standard 
quantity amount was 120 mL wine, 360 mL beer, or 45 mL 
liquor daily. 

Assessment of EATV

Compared with echocardiography, cardiac CT has 
the advantage of being more sensitive and accurate in 
measuring the region-specific thickness and volume of deep 
epicardial fat layers such as fat layers around the coronary 
artery (19,20).

We evaluated EATV using a high-pitch dual-source CT 
(Siemens, Germany). Two radiologists who had extensive 
clinical experience but had no knowledge of the purpose of 
the study and the patient’s personal information measured 
the total EATV through the same images sets collected by 
CT. Using a cursor pointer to manually trace the pericardial 
contour with 0.75-mm-thick reconstructed axial slices, the 
radiologists traced the pericardium contour starting from 
the lower visible level of the pulmonary artery bifurcation 
until the last slice where the pericardium is still visible for 
every 10 mm (21).

Software (syngo volume, Siemens Medical Solutions) 
was then applied to extrapolate the pericardial contour for 
the non-traced slices, and the results were checked again 
by the operator. The determination of EAT depended 
on the attenuation references of adipose tissue between 
−190 and −30 Hounsfield units (22). This study did not 
analyze pericardial adipose tissue, which is located outside 
the visceral pericardium and on the external surface of the 
parietal pericardium. 

The two radiologists were blinded to each other’s 
measurements for the assessment of inter-observer 
consistency in 50 randomly selected patients and assessed 
the total EATV independently. The intra-observer 
correlation coefficient for EATV measurements was 0.96, 
while the inter-observer correlation coefficient was 0.92.

Based on previous reports (23), patients were divided 
into a low EATV group and a high EATV group according 
to a cut-off value for EATV of 100 mL. 

Statistical analysis

SAS software version 9.4 (SAS Institute, Cary, North 
Carolina, USA) was used as the statistical analysis tool. The 
value of mean ± SD represents continuous data on condition 
that the distribution was normal, and categorical data 
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was described as frequencies and percentages. Normally 
distributed parameters were compared by using ANOVA 
test and if the variables were categorical, the chi-squared 
test was applied for comparison. 

This study calculated odds ratios (ORs) and 95% 
confidence intervals (95% CI) to evaluate the correlation 
between ideal cardiovascular health metrics and EATV by 
logistic regression analysis. Considering there were only a 
few participants in the 0 or 7 ideal CVH metrics groups, 
the 0/1 ideal metric groups and 6/7 ideal metrics groups 
were combined respectively. Further, the cardiovascular 
health metrics model was adjusted because age, gender, 
income, education level, and alcohol consumption may 
affect EATV, and were related to exposure (i.e., ideal health 
metrics) according to Table 1. Finally, all statistical analyses 
were two-sided, and P<0.05 was regarded as statistically 
significant.

Results

Table 1 shows the basic characteristics of participants 
concerning the number of ideal CVH metrics. Those with a 
relatively large number of ideal CVH metrics were inclined 
to be women, younger, and had higher education, as well 
as having less smoking and daily alcohol consumption. 
Parameters such as BMI, SBP, DBP, FBG, TG, and TC 
were higher in the participants with lower ICVH metrics, 
who also had a higher prevalence of diabetes, hypertension, 
and hyperlipidemia compared to those with a comparatively 
larger number of ICVH metrics. In addition, the EATV 
tended to be smaller in those who had more ICVH 
factors and behaviours. Figure 2 shows the percentage of 
participants with normal and high EAT volume by the 
number of ideal cardiovascular health metrics. We did 
not observe any significant differences in income between 
different numbers of ideal CVH metrics in this analysis.

Table 2 shows the relationship between each element 
of the CVH metrics and the prevalence of high EATV. 
Based on the adjustment of gender, age, education, income, 
alcohol consumption, and the other six indicators, the 
results showed that there was a significant correlation 
between ideal BMI with the low prevalence of high EATV 
in all gender and age groups, when respectively compared 
with the non-ideal group. There was also a significant 
correlation between ideal total cholesterol and a lower 
prevalence of high EATV in the general population, but in 
further subgroup analysis, only younger groups (<60 years 
of age) and male groups met a significant level, respectively. 

In addition, there was a significant correlation between ideal 
fasting blood glucose and a low prevalence of high EATV 
in the total population, although this correlation was only 
reflected in men, and no significant correlation between 
smoking, physical activity, diet, or blood pressure and the 
prevalence of high EATV in any group of participants.

Table 3 depicts the ORs of high EAT volume due to ideal 
CVH metrics numbers and shows the group with more 
ideal CVH metrics numbers had lower crude OR values of 
prevalence of high EATV. This pattern (P trend less than 
0.0001) did not change after adjustment for age, gender, 
education level, income, and daily alcohol consumption. In 
addition, significant negative correlations were discovered 
in both male (P trend less than 0.0001) and female (P trend 
less than 0.0001), and both age groups (P trend less than 
0.0001).

Discussion

The ideal cardiovascular health metrics defined by 
the American Heart Association make it possible to 
measure progress toward the goal of ideal population-
based cardiovascular health. However, according to 
several studies, there was an exceedingly low prevalence 
of ideal cardiovascular health in American adults (6,24) 
and studies from China also showed that only few adults 
achieved ideal cardiovascular health (25-27). Similarly, the 
results of our study showed that of the 2,482 participants, 
only 48 people (1.93%) reached ideal levels of all seven 
metrics in the northern Chinese population. Compared to 
participants who met only one level of metric or did not 
meet any metrics, those who met six or more ideal CVH 
metrics were less likely to have a high EATV and similar 
inverse relationships were found in every gender and age 
subgroups. To the best of our knowledge, this study is the 
first to demonstrate the relationship between AHA ideal 
CVH metrics and EATV.

The protective effect of epicardial fat on the heart is 
mainly dependent on paracrine or vascular secretion of 
anti-atherosclerotic cytokines under normal physiological 
conditions. However, in obesity and T2DM, if EAT becomes 
thicker and dysfunctional, the production and secretion 
of protective adipokines are down-regulated, leading to 
an imbalance of epicardial fat secretosome causing EAT 
to establish local and systemic harmful functions (8).  
It is plausible that these processes are reciprocal and 
bidirectional, some cross-sectional clinical and translational 
correlative studies have established to prove that. Besides, in 
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the pathobiology of atrial fibrillation and its recurrence after 
ablation, EAT also plays an important role. We analyzed the 
relationship between each CVH metric and the prevalence 
of high EATV respectively, and found there was a positive 
correlation between ideal BMI and a lower risk of high 
EATV, which conforms with research in other populations, 
although not the Chinese population. De Vos et al. found 
that EAT was positively related to body mass index  
(P<0.001) (28) and a study consisting of 215 individuals 
without known CAD (the mean age was 58±11 years) 
found that EAT volume was directly associated with 
BMI (21). In some previous studies (28,29), a significant 
negative association between ideal fasting blood glucose 
and the prevalence of high EATV was reported. However, 
Nakazatoa et al. concluded the correlation of EATV with 
fasting blood glucose did not remain significant after 
adjustment (30). We detected a significant association 
between ideal fasting blood glucose and the prevalence 
of high EATV in the overall population, but only in male 
participants, which was probably due to women in this 
study having relatively more ideal serum, a lower prevalence 
of diabetes, and a lower EATV, as has been previously 
reported (31). In accordance with the above-mentioned 
outcome, it was only in younger groups (<60 years of age) 
and the male group that the association between ideal 
total cholesterol and the lower prevalence of high EATV 
reached a significant level respectively, although this was 
significant in the whole population. That the statistical 
significance was lost in the elder group may be because 

these participants were more likely to have an unhealthy 
level of total cholesterol. While existing studies reported 
that EAT correlated significantly with total cholesterol, 
TGs, and HDL-C in respective participants (29,30,32-34), 
the relationship between the EAT and serum biomarkers 
needs to be investigated further. 

The results confirmed the correlation between health 
behaviors/factors and the prevalence of high EATV, 
which is of great significance for the general population. 
However, while the sample volume of our study was 
large and various potential confounding factors had been 
adjusted, there are still several limitations demanding 
careful  considerat ion.  First ,  we used a  modif ied 
questionnaire survey which relied on an established food 
frequency questionnaire to define information on dietary 
intake, which may explain why our study did not find a 
significant relationship between diet and high EATV. 
Second, this study was cross-sectional, which limited our 
observations of the impact of AHA CVH metrics on the 
increase of EATV. We were unable to determine whether 
the existence of concerning risk factors was earlier or later 
than the development of EATV and whether there was a 
causal relationship between them. However, the research 
results did show there was a negative correlation between 
the number of ideal CVH metrics and high EATV, and 
further research to justify the temporal direction of the 
observed correlation between AHA CVH metrics and 
high EATV risk is required. A third limitation to this 
study concerns the lack of threshold values of EATV for 
high-risk CT measures as referred to in a previous report 
(23). In this study, we used 100 cm3 as the cut off value 
of EATV, which may be inappropriate for the northern 
Chinese population. Further prospective studies will 
involve more information in the analysis and attempt to 
define a reference value for the diagnosis of high EATV.

Conclusions

The results of the study confirmed there is an obvious 
inverse gradient relationship between the number of 
ideal CVH metrics and the prevalence of high EATV in 
the northern Chinese population, which further reflects 
the significance of ideal health behaviors and factors in 
maintaining a normal volume of EAT. The quantification of 
EAT by computed tomography may allow greater access to 
this measurement in clinical practice. 

Figure 2 Percentage of participants with normal & high EAT 
volume by the number of ideal cardiovascular health metrics. 
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