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Abstract

Background/Objectives—Higher volumes of ectopic cardiovascular fat (ECF) are associated
with greater risk of coronary heart disease (CHD). Identifying factors that are associated with ECF
volumes may lead to new preventive efforts to reduce risk of CHD. Significant racial/ethnic
differences exist for overall and central adiposity measures which are known to be associated with
ECF volumes. Whether racial/ethnic differences also exist for ECF volumes and their associations
with these adiposity measures remain unclear.

Subjects/Methods—Body-mass index (BMI), CT-measured ECF volumes (epicardial,
pericardial and their summation), and visceral adipose tissue (VAT) were examined in a
community-based sample of 1,199 middle-aged men (24.2% Caucasians, 7.0% African-
Americans, 23.6% Japanese-Americans, 22.0% Japanese, 23.2% Koreans).
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Results—Significant racial/ethnic differences existed in ECF volumes and their relationships
with BMI and VAT. ECF volumes were highest among Japanese-Americans and lowest among
African-Americans. The associations of BMI and VAT with ECF differed by racial/ethnic groups.
Compared to Caucasians, for each 1-unit increase in BMI, African-Americans had lower whereas
Koreans had higher increases in ECF volumes (P-values<0.05 for both). Meanwhile, compared to
Caucasians, for each 1-unit increase in log-transformed-VAT, African-Americans, Japanese-
Americans and Japanese had similar increases, whereas Koreans had a lower increase in ECF
volumes (P-value<0.05).

Conclusions—Racial/ethnic groups differed in their propensity to accumulate ECF at increasing
level of overall and central adiposity. Future studies should evaluate whether reducing central
adiposity or overall-weight will decrease ECF volumes more in certain racial/ethnic groups.
Evaluating these questions might help in designing race-specific prevention strategy of CHD risk
associated with higher ECF.
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Introduction

Ectopic cardiovascular fat (ECF), fat surrounding the myocardium and the coronary arteries,
is a metabolically active organ that releases substances with vascular actions (1) in addition
to proinflammatory factors and free fatty acid (FFA). (2,3) Mounting evidence demonstrates
a role of ECF in the pathogenesis of coronary heart disease. (4-7)

It has been suggested that ectopic fat accumulation around organs such as the heart could be
a consequence of impairment in subcutaneous adipose tissue (SAT) ability to buffer energy
excess. (8,9) Because ECF has been found to be positively correlated with adiposity
measures including body-mass index (BMI), waist circumference and visceral adipose tissue
(VAT) (4-6) it is expected that an increase in any of these adiposity measures will result in
an increase in ECF.

Significant racial/ethnic differences have been reported for both SAT and VAT. (10-13)
Compared with Caucasian men, African-American men have less VAT and more SAT.
(10-12) Further, despite a much lower BMI, Japanese men in Japan have a higher VAT as
compared with Caucasian men in the US at each quartile of waist circumference. (13)
Japanese men tend to have less SAT than Caucasian men when waist circumference >97.0
cm. (13) Whether racial/ethnic differences also exist for ECF remain unclear. Moreover,
very few studies assessed the impact of race/ethnicity on ECF volumes. (14,15) These
studies are limited by small sample sizes and evaluating the differences between only two
racial groups. In these studies, greater epicardial fat, fat within the pericardial sac, was found
in Caucasian as compared with African-American participants. (14,15) Because ECF
correlates with adiposity measures which vary by racial/ethnic groups, (10-13) it is plausible
to hypothesize that the association of these adiposity measures with ECF volumes may also
vary by racial/ethnic groups.
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To the best of our knowledge, this is the first large community-based study to evaluate
whether ECF depots: 1) Epicardial adipose tissue (fat within the pericardial sac: EAT); 2)
pericardial adipose tissue (fat outside the pericardial sac: PAT); 3) Total heart adipose tissue
(TAT=EAT+PAT) vary among 5 different racial/ethnic groups (Caucasian, African-
American, Japanese-American, Japanese (in Japan) and Korean (in Korea)). Additionally,
the current study evaluated the associations of each ECF depot with each of the following
adiposity measures: BMI, VAT and SAT and tested if these associations vary by racial/
ethnic groups.

Materials and Methods

Subjects

The ERA JUMP study is a population-based study of men (40-49 years) who were free of
cardiovascular disease (CVD), type-1-diabetes, or other severe diseases. The research design
has been described previously. (16-18) Briefly, between 2002 and 2006, 1,335 men were
randomly selected at each of 4 sites: 417 (107 African-American and 310 Caucasian) men
from Allegheny County, Pennsylvania, US; 313 Japanese men from Kusatsu, Shiga, Japan;
303 Japanese-American men from a representative sample of offspring of fathers who
participated in the Honolulu Heart Program, (19) Honolulu, Hawaii, US. These offspring
were the third or fourth generation of Japanese-Americans without ethnic admixture; (20)
302 Korean men from Ansan, South Korea.

For the current study, data on ECF depots were available for 1,199 (89.2%) participants.
Participants who were excluded from the current study due to poor image acquisition
(n=136) were slightly older and more likely to be Japanese-American. There were no
significant differences in any of the adiposity measures between the two groups. Informed
consent was obtained from all participants. The study was approved by the Institutional
Review Board at each site.

Ectopic Cardiovascular Fat Depots

Existing CT scans for measuring coronary calcification (3-mm-thick transverse images
obtained with a GE-Imatron C150 Electron Beam Tomography scanner (GE Medical
Systems, South San Francisco, U.S.) were used to quantify ECF depots at the Los Angeles
Biomedical Research Institute, Harbor-UCLA Medical Center, CA. Using the same methods
that were used in a previously published study, (21) epicardial adipose tissue (EAT) was
defined as the adipose tissue within the pericardial sac, pericardial adipose tissue (PAT) was
defined as the adipose tissue outside the pericardial sac (Supplemental Figure 1), and total
heart adipose tissue (TAT) was the sum of EAT and PAT. ECF depot volumes were
determined from 15 mm above to 30 mm below the superior extent of the left main coronary
artery. This region of the heart was selected because it includes the epicardial fat located
around the proximal coronary arteries (left main coronary, left anterior descending, right
coronary, and circumflex arteries). The anterior border of the total heart adipose tissue
volume was defined by the chest wall and the posterior border by the aorta and the bronchus.
Using volume analysis software (GE Healthcare, Waukesha, WI), fat was distinguished
from the remainder of the heart tissue by a threshold of -190 to -30 Hounsfield units. EAT
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was measured by manually tracing out the pericardium every 2-3 slices below the start point,
and then using the software to automatically trace out the segments in between these
selected slices. PAT was measured by subtracting EAT from TAT volume. EAT and PAT
measures have been demonstrated to have excellent reproducibility. Spearman correlation
coefficients between-reader and within-reader were = 0.97.

Visceral and Subcutaneous Abdominal Fat

Avreas of the total abdominal adipose tissue and visceral adipose tissue (VAT) were
determined using a 6-mm transverse image, at the level between the fourth and fifth lumbar
vertebrae using a GE-Imatron C150 scanner (GE Medical Systems, South San Francisco,
U.S.) at all study sites. Adipose tissue was determined using image analysis (Acculmage;
Acculmage Diagnostics, San Francisco, CA) in a CT range from -130 to 0 Hounsfield Unit.
(22) A separation line was drawn manually using a cursor along abdominal wall musculature
in continuity with fascia of the para-spinal muscles. (23, 24) Area of subcutaneous adipose
tissue (SAT) was calculated as total abdominal adipose tissue minus VAT. All CT images
were analyzed at the Cardiovascular Institute, University of Pittsburgh by one trained reader
who was blinded to participant’s characteristics. The intra-class correlation coefficients were
0.99 for SAT and 0.99 for VAT. (13)

Other Study Variables

All participants underwent physical examination and lifestyle questionnaire. Body weight
and height were measured while the participant was wearing light clothing without shoes.
BMI was calculated as weight in kg/(height in meter)2. Blood pressure was measured in the
right arm of the seated participant after he emptied his bladder and sat quietly for 5 minutes,
using an automated sphygmomanometer and an appropriate-sized cuff. The average of two
measurements was used.

Smoking was assessed as current, former or never. Alcohol consumption was assessed as
whether the participant drank beer, wine, liquor, sake (Japanese rice wine), or other
alcoholic beverages, with quantity and frequency. Alcohol drinkers were defined as those
who drank alcohol =2 times per week. Uses of medications (anti-hypertensive, anti-diabetic,
and lipid-lowering) were reported as yes/no.

Statistical analyses

The distribution for VAT, SAT and ECF depots were highly skewed, and therefore, log-
transformation was applied. One-way ANOVA with Bonferroni adjustment was used to
determine differences among racial/ethnic groups for continuous measures and Chi-square
test was used for categorical measures. Linear regression was used to test whether ECF
depots vary by race/ethnicity independent of adiposity measures (separate models), age,
smoking status and alcohol consumption. (5) Analysis of covariance was used to determine
whether associations between each adiposity measure and each ECF depot were modified by
racial/ethnic groups. Stratified analysis by race/ethnicity was performed to estimate the
effect size of adiposity measures (separate models) on each ECF depot in each racial/ethnic
group. Race/ethnic-specific standardized beta coefficients (slopes) were calculated to
facilitate comparisons for effects of changes in BMI and VAT as related to changes in ECF
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depots. To evaluate if differences between racial/ethnic groups in relation to ECF depots
vary at each level of adiposity measures, quartiles were created for adiposity measures with
significant interactions with race/ethnicity (BMI and VAT), and geometric means of ECF
depot volumes were estimated (supplemental Table 1). Analyses were performed with SAS
v9.2 (SAS Institute, Cary, NC). P values less than 0.05 (two-tailed) were considered
statistically significant after adjusting for multiple comparisons when appropriate.

Table 1 shows characteristics of the study population for the full cohort as well as by racial/
ethnic groups. All characteristics significantly varied by racial/ethnic groups (P<0.001).
Japanese-Americans had greater EAT, while African-Americans had less EAT compared
with Caucasians. Irrespective of the lower BMI, VAT and SAT levels among Japanese and
Koreans, their levels of EAT were similar to that of Caucasians. For PAT, African-
Americans, Japanese and Koreans had significantly less PAT while Japanese-Americans had
similar levels of PAT as compared with Caucasians. For TAT, African-Americans had
significantly less TAT compared with Caucasians. Japanese-Americans, Japanese and
Koreans had similar levels of TAT of Caucasians.

Race was significantly associated with each ECF depots in both unadjusted and adjusted
analyses (Table 2). In minimally adjusted models (Model 1), African-Americans had
significantly lower volumes of ECF depots as compared with Caucasians. These differences
remained significant after adjusting for BMI or SAT but not for VAT. Additionally,
adjusting for age, current smoking, alcohol drinking and BMI or SAT, Japanese-Americans,
Japanese and Koreans had significantly higher EAT and TAT as compared with Caucasians.
Results for PAT varied based on the adiposity measure that was adjusted for.

Higher levels of adiposity measures were significantly associated with higher volumes of
ECF depots (Figure 1). These positive associations were modified by racial/ethnic groups
for BMI (Figure 1. A) and VAT (Figure 1. B) as related to ECF depots. Regression
coefficients for interactions between adiposity measures and race/ethnicity as related to ECF
depots were presented in Table 3. Compared with Caucasians, African-Americans showed a
lower increase in EAT and TAT as related to increases in BMI (Figure 1. A). This was also
consistent with the race-specific slopes for EAT and TAT as related to BMI (Table 4). The
increments in PAT as related to increases in BMI among African-Americans were similar to
that among Caucasians (Figure 1. A and Table 4). Although Japanese-Americans had higher
EAT compared with Caucasians, the increments of ECF volumes per 1 unit increase in BMI
were similar to that in Caucasians (Figure 1. A and Table 4). Koreans who had the lowest
BMI and similar volumes of EAT, PAT and TAT to those in Japanese showed the steepest
slopes for BMI as related to ECF depots (Figure 1. A and Table 4).

Different patterns were observed for the associations between VAT and ECF depots.
Increments in ECF depots (mainly EAT) for each unit increase in log VAT were the highest
among African-Americans and Japanese-Americans (Figure 1. B and Table 4), however the
differences were not statistically significant compared with Caucasians (Table 3).
Additionally, Japanese and Koreans who had lower levels of VAT as compared with
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Caucasians, showed also lower inclines in ECF depots per 1 unit increase in log VAT.
Compared with Caucasians, increases in ECF depots were lower among Koreans.
Associations between SAT and ECF depots did not vary by race (Figure 1. C, Table 3).

The race-specific standardized slopes for ECF depots as related to VAT and BMI were
presented in Table 4. Only in Caucasians, increases in ECF depot volumes in SD units were
almost the same for each 1 SD increase in BMI or in log VAT. The increments (in SD units)
in ECF volumes per 1 SD increase in log VAT were higher than the increments (in SD units)
per 1 SD increase in BMI among African-Americans, Japanese-Americans and Japanese.
For Koreans, increases in ECF depots (in SD units) per 1 SD increase in BMI were larger
than increases per 1 SD unit in log VAT.

Discussion

Using a large multi-racial/ethnic community-based sample of middle-aged men we
demonstrated significant racial/ethnic differences in ECF depots that were independent of
overall or central adiposity measures. Median volumes of ECF depots were highest among
Japanese-Americans and lowest among African-Americans irrespective of their high BMI.
Both Koreans and Japanese, who had lower BMI levels, had higher levels of EAT and TAT
compared with Caucasians when accounting for adiposity measures. Moreover, the current
study showed that the slopes of the associations between BMI, VAT and each ECF depots
differed by racial/ethnic groups with African-Americans having lower increase while
Koreans having higher increase compared with Caucasians for each 1 unit increase in BMI.
On the other hand, for each 1 unit increase in log VAT, African-Americans, Japanese-
Americans and Japanese (except for TAT) showed similar increases, while Koreans showed
less increase in ECF volumes compared with Caucasians. These findings suggest that higher
levels of ECF volumes were more likely to be driven by changes in VAT than changes in
BMI among African-Americans, Japanese-Americans and Japanese, whereas among
Koreans higher levels of ECF seemed to be more driven by changes in BMI. The study also
suggests that changes in BMI as well as in VAT seemed to have similar influence on ECF
volumes among Caucasians. These suggestions need to be confirmed in future longitudinal
studies.

Our finding that African-Americans had significantly lower volumes of ECF compared with
Caucasians is in agreement with the result from previous studies which evaluated racial/
ethnic differences in ECF. (14,15) We reported similar racial/ethnic differences between
African-American and Caucasian middle-aged men in volumes of all ECF depots that were
independent of BMI and SAT but more interestingly not of VAT. In fact, African-
Americans were found to have similar or even slightly higher volumes of ECF to that in
Caucasians at higher VAT quartiles (supplemental Table 1). These findings suggest that
changes in VAT may have greater influence on ECF volumes in African-American than in
Caucasian men. Consistent with this suggestion, the magnitude of the positive change in
ECF volumes per 1 unit change in log VAT were found to be greater in African-American
than Caucasian men.
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These results provide new insights into the paradoxical body of literature which states that
despite of a lower level of VAT, African-American men have higher risk of obesity-related
CVD than Caucasian men. (10-13) When VAT is > 105.6 cm?, African-American men
tended to have similar or even slightly higher volumes of ECF than Caucasian men in the
current study. Therefore, the higher CV risk among African-Americans could possibly be
due to the greater influence of VAT on ECF volumes than in Caucasians. In support to the-
above suggestion, the relationship between ECF (EAT +PAT) and CVD risk factors
diminished after further adjustment for VAT among African-Americans. (25)

The mechanism by which VAT may impact ECF deposition is not known. However, VAT is
a depot with high lipolytic activity that produces FFA directly into the portal vein. (26) The
notable hyperlipolytic activity of VAT induces a lipotoxic state that increases the exposure
of the liver, skeletal muscle and cardiovascular system to excess FFA. When levels of
circulating FFA increase, both circulating levels of adiponectin and leptin resistance
decrease, which in turns reduce lipid oxidation in non-adipose tissues and therefore
contribute to the accumulation of ectopic fat, lipotoxicity and insulin resistance. (27)
Therefore, it may be possible that the lipolytic activity of VAT is much higher in African-
Americans compared with Caucasians irrespective of its size.

Despite similar levels of BMI, VAT and SAT, Japanese-Americans had significantly higher
volumes of EAT but not of PAT as compared to Caucasians. This suggests that ECF
accumulation indeed varies by location for certain racial/ethnic groups. Given the proximity
of EAT to the myocardium and coronary arteries as compared to PAT, these differences may
subject Japanese-Americans to a greater risk of CVD as compared to Caucasians. EAT has
distinct endocrine properties such as greater fatty acid synthesis and breakdown, and greater
insulin-induced lipogenesis compared with PAT. (28) The higher volume of EAT in
Japanese-Americans may contribute to their higher coronary atherosclerosis as compared
with Caucasians which we previously reported.(16) More research is needed to test this
hypothesis.

The case is different among Asian men from Japan and Korea. Irrespective of higher
volumes of EAT and TAT in Japanese and Koreans as compared with Caucasians when
adjusting for adiposity measures, the magnitude of change in each ECF depot (mainly TAT)
per 1 unit increase in log VAT was significantly less in Japanese and Korean men. These
results may partly help explain the findings that Asians have lower risk of coronary artery
disease compared with Caucasians. (16,29) Asians may be at lower risk than Caucasians via
the smaller influence of VAT on levels of TAT volume. Interestingly, in the current study,
Japanese and Korean men had significantly lower levels of VAT compared with Caucasian
men.

According to the ectopic fat theory, ectopic fat accumulation around organs such as the heart
could be a consequence of impairment in SAT ability to buffer energy excess. (8,9) In
compliance with this, the current study showed that EAT volumes tend to be higher in
racial/ethnic groups with lower SAT (Japanese-Americans, Japanese and Koreans as
compared with Caucasians) and lower in racial/ethnic groups with higher SAT (African-
Americans as compared with Caucasians).
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There are several limitations to the current findings. The cross-sectional design did not
permit assessing temporality. The unavailability of total body fat prevented us from
evaluating the association between total fat and ECF volumes; however we used BMI as a
surrogate marker. The limited sample size of African-Americans may result in less power to
detect significant differences with other racial/ethnic groups. Non-significant results mean
that the data provide little or no evidence that the null hypothesis is false, yet with our
sample size per each group we have 80% power to detect a minimum difference of 5.1 cm3
in EAT between each group and Caucasian group (except for comparison with African
Americans) at an alpha level of 0.05. Finally, the current findings may not be generalized to
women or unevaluated racial/ethnic groups.

Our findings provide new insights that may help in explaining paradoxical risk in certain
racial/ethnic groups. The current findings call for a longitudinal assessment of the impact of
changes in adiposity measures on ECF accumulation overtime. It is crucial to evaluate
whether VAT reduction will decrease ECF volumes in certain racial/ethnic groups while
overall weight loss will reduce ECF in other racial/ethnic groups. Evaluating these questions
will help in designing the right prevention strategy to reduce risk of CVD associated with
higher ECF volumes. (4-7)

In conclusion, significant racial/ethnic differences existed in ECF volumes and their
relationships with adiposity measures. The results suggested that racial/ethnic groups
differed in their propensity to accumulate ECF at increasing level of overall and central
adiposity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Scatterplots and Regression Lines of Associations between Ectopic Cardiovascular Fat
Depots and Adiposity Measures by Race/Ethnicity

ECF: ectopic cardiovascular fat; EAT: epicardial adipose tissue; PAT: pericardial adipose
tissue; TAT: total heart adipose tissue; VAT: visceral adipose tissue; SAT: subcutaneous
adipose tissue. Results adjusted for age, smoking and drinking alcohol. Race/ethnic groups:
1=Caucasians, 2=African-Americans, 3=Japanese-Americans, 4=Japanese, 5=Koreans

* Interactions with race were significant for associations with BMI and VAT but not SAT.

All P values <0.05
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