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Abstract

Few studies have investigated the association between ectopic fat from different depots and 

cardiovascular risk scores and their components in the same population, and none have 

investigated these relationships in South Asians. In a cross-sectional analysis of 796 participants in 

the Mediators of Atherosclerosis in South Asians Living in America (MASALA) Study who had 

measurements of visceral, subcutaneous, pericardial, hepatic, and intermuscular fat from 

abdominal and cardiac CT scans, we used linear regression to determine the associations of one 

standard deviation difference in each ectopic fat depot with Pooled Cohort Risk Score and its 

components. Pericardial and visceral fat were more strongly associated with Pooled Cohort Risk 

Score [3.1 % (95% CI: 2.5 to 3.7) and 2.7% (2.1 to 3.3) respectively] and components than 

intermuscular fat [2.3% (1.7 to 3.0)]; subcutaneous fat was inversely associated [−2.6%, (−3.2 to 

1.9)] and hepatic fat attenuation was not linearly associated with Pooled Cohort Risk Score when 

mutually adjusted [−0.3% (−0.9 to 0.4)]. Associations for risk factor components differed by fat 

depot. In conclusion, subcutaneous and hepatic fat may have different functions than fat stored in 
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other depots in South Asians. Determining whether these relationships are heterogeneous by race 

may help elucidate the mechanisms underlying CVD disparities.

Keywords

Cardiovascular Disease; Risk Score; Ectopic Fat; Visceral Fat; Cardiovascular Disease Risk 
Factors

INTRODUCTION

Visceral fat is associated with cardiovascular disease (CVD) risk and mortality,1–5 where 

subcutaneous fat has even been suggested to play a protective role in cardiometabolic 

risk.6–10 The growing understanding that the function and effects of fat are heterogeneous 

highlights the need to understand the role of ectopic fat stored in different depots,11–13 such 

as pericardial, hepatic, and intermuscular fat.14–17 Importantly, since so few studies have 

temporally concordant measurements from multiple fat compartments beyond visceral and 

subcutaneous fat,1,18,19 the mutual relationship of these fat stores with CVD risk is remains 

unknown. Determining which of these scenarios is best supported by the evidence is 

particularly important for the cardiometabolic health of South Asians. A pathway of 

increased CVD risk has been outlined for this group through higher levels of visceral fat.20 

To address these issues, we hypothesized that fat from different ectopic depots would be 

differentially associated with the American College of Cardiology/American Heart 

Association Atherosclerotic Cardiovascular Disease Pooled Cohort Risk Score (AKA: 

ASCVD Risk Score) and its components in a cross-sectional analysis of the Mediators of 

Atherosclerosis in South Asians Living in America (MASALA) Study.21 Specifically, we 

hypothesized that subcutaneous fat would be inversely associated with CVD risk, but fat 

from all other depots would be positively associated with the Pooled Cohort Risk Score.

METHODS

MASALA is a 2-site longitudinal cohort study of 906 self-identified South Asians in the 

United States, free of CVD who weighed ≤ 300 lbs, and were enrolled from 2010 to 2013.22 

After excluding those with any missing ectopic fat measurements (n=97) and those missing 

CVD risk factors needed to calculate the Pooled Cohort Risk Score (n=13), we included 796 

participants in this analysis. All participants provided written informed consent and 

MASALA protocols were approved by review boards at each participating institution.

To measure ectopic fat depots, trained radiology technicians conducted standardized 

abdominal computed tomography (CT) protocols.22 Lateral scout image of the spine was 

used to establish the position between the L4 and L5 vertebrae for measurement of visceral, 

subcutaneous, and intermuscular fat mass using the Medical Image Processing, Analysis, 

and Visualization software. Visceral fat was defined by area on the slice within the body 

cavity and appropriate density in Hounsfiled Units (HU). Subcutaneous fat was defined as 

area outside the body cavity and intermuscular fat was calculated by combining 

extramyocellular fat from the muscles in the abdomen. Non-contrast cardiac-gated CT scans 

were used to measure pericardial fat volume and hepatic fat attenuation.17,23 Pericardial fat 
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was also distinguished by density from the entire heart using volume analysis software (GE 

Healthcare, Waukesha, WI), and included epicardial and paracardial fat in and around the 

pericardium. Higher hepatic fat was quantified as the inverse of the hepatic fat attenuation.

Pooled Cohort Risk Score was calculated from 11 components measured using a 

standardized protocol.21 Age, sex, smoking status, education level and family income, 

medical history, and medication use were self-reported at the enrollment interview.22 BMI 

was calculated from weight and height measured with balance-beam scale and stadiometer, 

respectively. Blood pressure, total and HDL cholesterol, and fasting glucose were measured 

using standardized measurements and protocols.22

We categorized the Pooled Cohort Risk Score into 3 groups: <7.5%, 7.5% to 10% and 

≥10%. We then described the MASALA participants by calculating means and standard 

errors for baseline characteristics for each of the 3 groups, and used the Cuzick non-

parametric test for trend across the groups. We calculated Pearson correlations between risk 

scores, ectopic fat measures, body mass index (BMI), and waist circumference.

We used multivariable linear regression to determine the associations between each ectopic 

fat depot and the Pooled Cohort Risk Score. We used likelihood ratio tests and R2 values to 

investigate best fitting models including quadratic terms to assess non-linearity. To compare 

the strength of associations for different depots and assess whether mutual adjustment of 

different fat depots produces different results, specifically focusing on mutual adjustment for 

visceral and subcutaneous fat, we estimated the difference in risk score for a one standard 

deviation difference of fat from each depot. We used likelihood ratio tests and R2 values to 

determine whether the addition of other fat depots to the visceral fat model improved the 

model fit for Pooled Cohort Risk Scores. Since a higher level of hepatic fat is indicated by 

lower hepatic fat attenuation, where useful to improve the interpretation and comparability 

of results, we inverted the hepatic fat attenuation values by multiplying the measured values 

by −1.

We similarly assessed the association between ectopic fat and each binary risk score 

component using multivariable logistic regression, adjusting for socioeconomic factors. As 

in the risk score analysis, we continued to characterize the fat depots by using a one standard 

deviation difference in order to compare the strength of the associations between different 

fat depots.

We also assessed the continuous risk associations for each fat depot separately by creating 

graphs of the Lowess curves for each ectopic fat variable with the Pooled Cohort Risk Score. 

We also conducted a number of sensitivity analyses to assess additional adjustment for 

education and income, the inclusion of BMI or waist circumference, and heterogeneity by 

age and sex. We included BMI and waist circumference specifically to determine whether 

ectopic fat depots provide additional explanatory value beyond the use of anthropometric 

measures. All analyses were conducted using Stata 14 (StataCorp. College Station 2009).
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RESULTS

Participants with higher Pooled Cohort Risk Scores were more likely to be older, male, have 

income below $75,000, be current smokers, drink alcohol, have lower subcutaneous fat, but 

higher waist circumference, visceral, pericardial, hepatic, and intermuscular fat (Table 1). 

The following sets of variables were highly correlated: visceral fat, pericardial fat, with 

waist circumference; and BMI with subcutaneous fat (Supplemental Table 1).

All fat depots were significantly associated with Pooled Cohort Risk Score (Table 2), with 

the strongest association for pericardial fat, followed closely by visceral fat, and then by 

intermuscular fat. Subcutaneous fat was inversely associated with risk and hepatic fat 

attenuation estimates were reduced and became non-significant when mutually adjusted for 

other depots. Hepatic fat also explained ≤ 1% of the variance in risk and was the only fat 

depot with a non-significant likelihood ratio test. The full model with all 5 fat depots 

explained 18% of the variance in Pooled Cohort Risk Score. While the distribution of risk 

scores was approximately log normal, results using log transformation produced nearly 

identical results (data not shown).

No fat depots exhibited evidence of non-linearity in their relationship with Pooled Cohort 

Risk Score (p>0.10), except for hepatic fat (p<0.001). The inverted U-shape seen for hepatic 

fat attenuation in Figure 1 is unusual in biological relationships, and this specific 

relationship may explain why hepatic fat is inversely associated with Pooled Cohort Risk 

Score in the linear model and non-significant when adjusted for other fat depots in Table 2. 

When the curvature for hepatic fat is accounted for, the estimate for hepatic fat is inverse and 

greatly increased (−6.30% (−9.88 to −2.73)), and the estimates for non-linearity and model 

fit are also significant (p<0.001). The inflection point of the curve is close to the cut-point 

for fatty liver (hepatic attenuation <40 HU), but including fatty liver in the model did not 

significantly improve model fit (p=0.20). Including alcohol consumption in the model did 

not alter the results (not shown).

Sensitivity analyses investigating further adjustments for potential confounders found 

relatively similar results (Supplemental Table 2). Including BMI in the model resulted in an 

inverse and significant estimate for BMI (−0.34 kg/m2 (−0.54 to −0.15)) and a significant 

likelihood ratio test for its inclusion (p<0.001) with all ectopic fat depots, except hepatic fat, 

remaining significant at the p<0.005 level. The inclusion of waist circumference (0.06 cm 

(−0.03 to 0.15)) strongly attenuated the estimate for visceral fat, but the estimates for the 

other depots were similar and the likelihood ratio test for the inclusion of waist 

circumference was not statistically significant (p=0.20). While the relationship differed 

significantly by age only for pericardial and hepatic fat, estimates were generally attenuated 

for the older age group with the exception of a much stronger relationship for hepatic fat 

(Supplemental Table 2). Estimates were weaker overall in the subgroup analysis by sex, but 

with significantly stronger relationships for subcutaneous and intermuscular fat for men.

Pericardial fat had the strongest estimates overall for risk factor components (Figure 2), 

followed by visceral fat and intermuscular fat; however, visceral and intermuscular fat 

estimates were almost fully attenuated in the full model except for hypertension and 
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intermuscular fat, and low HDL cholesterol. Estimates for hepatic fat differed by risk factor 

component with significant associations for diabetes and low HDL cholesterol. Estimates for 

subcutaneous fat were weaker, but with mutual adjustment remained significant for total and 

HDL cholesterol.

DISCUSSION

Among a South Asian sample, higher pericardial fat volume, visceral fat area, and 

intermuscular fat area were significantly associated with higher Pooled Cohort Risk Score, 

while higher subcutaneous fat was significantly associated with lower risk. The relationship 

with hepatic fat was non-linear. Associations for ectopic fat differed by each CVD risk factor 

component in the Pooled Cohort Risk Score.

Excess adiposity stored centrally has long been known to be a more specific predictor of 

cardiometabolic risk compared to fat stored peripherally;24,25 however, the relative 

contributions of fat from different depots to cardiometabolic risk remains unknown. Mutual 

adjustment of fat from multiple depots is rare because few studies have ectopic fat measured 

from multiple depots at the same time point in the same participants.1,18,19 Our findings are 

generally consistent with prior literature showing that visceral fat is positively associated 

with CVD risk independent of BMI.25–27 Our results are also generally consistent with prior 

evidence about the association between pericardial fat and CVD risk;18,19 however, the 

relative contribution of pericardial and visceral fat in our results adds to inconsistent prior 

evidence.18,19,27 Whether pericardial fat has a stronger association with CVD risk than 

visceral fat may depend on factors yet to be fully investigated including the relative 

quantities of fat in these depots, their relative contributions to development of type 2 

diabetes, and the population being studied.

It has been suggested that subcutaneous fat may be protective against CVD,6–8 which is 

consistent with our results; however, most studies of CVD events have shown no association 

with subcutaneous fat.1–5 One promising theory is that subcutaneous capacity allows for the 

benign storage of excess adiposity, and only when this capacity is exceeded and fat is placed 

in other depots does this excess becomes pathological.9,10 This concept has been used 

specifically to explain higher CVD risk in South Asians compared to other groups, 

suggesting that this ethnic group has lower subcutaneous capacity and therefore develops 

higher levels of ectopic fat at a lower BMI.20 New methods to appropriately test this theory 

of subcutaneous capacity are needed and it is possible that with further study we will need to 

re-conceptualize subcutaneous fat.

Our results show that hepatic fat is either non-linearly related or not an independent risk 

factor for CVD. Additional evidence and/or biological justification that this is the true shape 

of the association between hepatic fat and CVD risk is needed before concluding that these 

estimates are valid. While there is growing interest in using hepatic fat to predict CVD risk, 

very few studies have investigated hepatic and visceral fat together.28,29 Hepatic fat may also 

play a different role in CVD risk than other ectopic fat, given the high level of within person 

variability of hepatic fat in the short term.30 Compared to the relative stability of ectopic fat 

in other depots over time, the high variability of hepatic fat may also indicate a less direct 
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association with CVD risk. While fat in all ectopic compartments may increase CVD risk, 

this may be due to differential impacts on risk score components with hepatic fat 

contributing disproportionately to diabetes risk, pericardial fat to hypertension, and visceral 

and subcutaneous fat to HDL.

One important finding from our work is that estimates for all fat depots are independent 

from BMI. As a surrogate measurement of total fat mass, BMI may account for variance 

orthogonal from fat stored in ectopic depots. Waist circumference is thought to be a more 

specific marker of ectopic fat and visceral fat explicitly. Our results showing that estimates 

for visceral fat are attenuated by the inclusion of waist circumference agree with this 

premise, indicating that waist circumference may be a decent proxy for visceral fat in South 

Asian populations when the use of CT scans is impractical.

This study has a number of limitations. CVD outcomes are not yet available and the Pooled 

Cohort Risk Score has not been validated in the South Asian American population and 

therefore may not appropriately account for differences observed in this group. Second, the 

MASALA study excluded participants with body weight ≥300 lbs due to CT scanner weight 

limitations, thereby limiting the ability to assess pathology from the highest levels of 

obesity. Lastly, the inclusion of age and sex in the risk score definitions limits the analytic 

options for investigating heterogeneity, and this study is not powered to detect interaction. 

This study also has a number of strengths. The primary strength is the direct measurement 

with CT of ectopic fat from a comprehensive group of fat depots measured concurrently. 

This unique resource allowed us to compare and mutually adjust for fat in different depots. 

The MASALA study also offers the opportunity to study a unique population. Given the 

current concern that groups from Asia may have higher cardiometabolic risk at the same 

level of BMI than non-Hispanic Whites, the ability to assess the associations between 

directly measured ectopic fat and atherosclerotic CVD risk in South Asians offers novel 

insight into this topic.

Higher visceral, pericardial, and intermuscular fat are strongly and significantly associated 

with higher Pooled Cohort Risk Score in South Asian Americans. Subcutaneous fat is 

inversely associated with risk, but more work is needed to determine if subcutaneous fat is 

itself protective or if another theory such as subcutaneous capacity is better supported. The 

relationship between hepatic fat and CVD risk may differ from fat stored in other 

compartments; these discrepancies might be ascribed to differences in either measurement or 

function. This study provides early evidence for a more comprehensive understanding of the 

role ectopic fat plays in the development of atherosclerotic CVD risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Lowess curves for Atherosclerotic Cardiovascular Disease Pooled Cohort Risk Score by 
one standard deviation difference in ectopic fat depot in 796 MASALA participants A. Visceral, 
subcutaneous, and intermuscular fat B. Pericardial fat C. Hepatic fat
* Hepatic fat values have been inverted so high HU indicates higher level of fat in the liver.

** Standard deviation for each fat depot is: visceral fat 56cm2, subcutaneous fat 94cm2, 

pericardial fat 30cm3, hepatic fat 11HU, and intermuscular fat 9cm2
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Figure 2. Association of Atherosclerotic Cardiovascular Disease Pooled Cohort Risk Score 
components (odds ratios and 95% confidence intervals) by one standard deviation of ectopic fat 
A. Univariate B. Mutually adjusted for other fat depots
* Hepatic fat values have been inverted so high HU indicates higher level of fat in the liver.

** Standard deviation for each fat depot is: visceral fat 56cm2, subcutaneous fat 94cm2, 

pericardial fat 30cm3, hepatic fat 11HU, and intermuscular fat 9cm2

*** For Figure 2A all odds ratios are statistically significant at the p<0.05 level except for 

hepatic and intermuscular fat with high cholesterol. For Figure 2B only the following 

estimates are statistically significant: Hypertension with pericardial and intermuscular fat; 

Diabetes with pericardial and hepatic fat; High cholesterol with pericardia fat and hepatic 

fat; and Low HDL with pericardial, visceral, hepatic, and subcutaneous fat.
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Table 1

Baseline characteristics (Mean (SE)) of 796 MASALA participants by Atherosclerotic Cardiovascular Disease 

Pooled Cohort Risk Score

Variable Atherosclerotic Cardiovascular Disease Risk Score P-value for Trend

<7.5% 7.5–10% ≥10%

(n=535) (n=53) (n=208)

Age (years) 50.7 (0.29) 59.4 (0.79) 66.1 (0.45) <0.001

Women 59 (2.1%) 26 (6.1%) 19 (2.7%) <0.001

Born in India 83 (1.6%) 77 (5.8%) 86 (2.4%) 0.40

Gross Family Income ≥ $75,000 79 (1.7%) 72 (6.2%) 62 (3.4%) <0.001

BS or higher 89 (1.4%) 92 (3.7%) 88 (2.3%) 0.70

Current alcohol 28 (2.0%) 40 (6.8%) 41 (3.4%) 0.001

Exercise ≥ 1314 MET–min/week 39 (2.1%) 42 (6.8%) 40 (3.4%) 0.73

Current smoker 10 (1.3%) 19 (5.4%) 22 (2.9%) <0.001

Diabetes 17 (1.6%) 38 (6.7%) 48 (3.5%) <0.001

Diabetes Medication Use 7.9 (1.2%) 13 (4.7%) 39 (3.4%) <0.001

Hypertension 28 (1.9%) 49 (6.9%) 72 (3.1%) <0.001

Total Cholesterol (mg/dL) 191 (1.5) 181 (5.0) 182 (2.8) 0.001

Lipid lowering medication use 126 (24%) 14 (26%) 95 (46%) <0.001

High Cholesterol 144 (27%) 15 (28%) 103 (50%) <0.001

High-density lipoprotein (mg/dL) 51.1 (0.60) 47.9 (1.92) 48.5 (0.86) 0.013

Low high-density lipoprotein 195 (36%) 30 (57%) 116 (56%) <0.001

Body Mass Index (kg/m2) 25.9 (0.17) 27.3 (1.02) 25.7 (2.64) 0.75

Waist Circumference (cm) 91.2 (0.42) 96.0 (1.29) 95.4 (0.70) <0.001

Visceral Fat (cm2) 122 (2.11) 144 (7.52) 160 (4.47) <0.001

Subcutaneous Fat (cm2) 242 (4.13) 227 (11.4) 222 (6.35) 0.001

Hepatic Fat Attenuation (Inverted HU) −55.3 (0.48) −53.5 (1.47) −53.5 (0.62) 0.001

Pericardial Fat (cm3) 51.5 (1.05) 65.5 (3.87) 74.3 (2.34) <0.001

Intermuscular abdominal Fat (cm2) 19.9 (0.32) 22.3 (1.55) 24.2 (0.69) <0.001

Am J Cardiol. Author manuscript; available in PMC 2019 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mongraw-Chaffin et al. Page 13

Ta
b

le
 2

L
in

ea
r 

re
gr

es
si

on
 (

be
ta

 e
st

im
at

es
 (

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

s)
) 

fo
r 

A
th

er
os

cl
er

ot
ic

 C
ar

di
ov

as
cu

la
r 

D
is

ea
se

 P
oo

le
d 

C
oh

or
t R

is
k 

Sc
or

e 
(%

) 
fo

r 
on

e 
st

an
da

rd
 

de
vi

at
io

n 
di

ff
er

en
ce

 in
 e

ct
op

ic
 f

at
 in

 M
A

SA
L

A
 (

B
ol

d 
in

di
ca

te
s 

es
tim

at
es

 a
re

 s
ig

ni
fi

ca
nt

ly
 d

if
fe

re
nt

 f
ro

m
 z

er
o 

at
 th

e 
p<

0.
05

 le
ve

l)

M
od

el
V

is
ce

ra
l F

at
Su

bc
ut

an
eo

us
 F

at
P

er
ic

ar
di

al
 F

at
H

ep
at

ic
 F

at
*

In
te

rm
us

cu
la

r 
F

at

SD
=5

6 
cm

2
SD

=9
4 

cm
2

SD
=3

0 
cm

3
SD

=1
1 

H
U

SD
=9

 c
m

2

U
na

dj
us

te
d†

2.
71

 (
2.

09
–3

.3
4)

−0
.9

4 
(−

1.
59

– 
−0

.2
9)

3.
09

 (
2.

46
–3

.7
1)

0.
87

 (
0.

22
–1

.5
2)

2.
31

 (
1.

68
–2

.9
5)

A
dj

us
te

d 
fo

r 
V

is
ce

ra
l F

at
‡

--
−1

.8
2 

(−
2.

46
– 

−1
.1

9)
2.

24
 (

1.
40

–3
.0

9)
−

0.
47

 (
−

1.
17

–0
.2

4)
1.

29
 (

0.
58

–2
.0

0)

A
dj

us
te

d 
fo

r 
Su

bc
ut

an
eo

us
 F

at
3.

22
 (

2.
58

–3
.8

5)
-

3.
65

 (
3.

01
–4

.2
9)

1.
06

 (
0.

41
–1

.7
2)

3.
23

 (
2.

56
–3

.9
1)

A
dj

us
te

d 
fo

r 
Pe

ri
ca

rd
ia

l F
at

1.
22

 (
0.

39
–2

.0
6)

−1
.9

5 
(−

2.
58

– 
−1

.3
2)

-
−

0.
26

 (
−

0.
92

–0
.4

0)
1.

16
 (

0.
46

–1
.8

5)

A
dj

us
te

d 
fo

r 
H

ep
at

ic
 F

at
2.

93
 (

2.
22

–3
.6

3)
−1

.1
2 

(−
1.

77
– 

−0
.4

6)
3.

18
 (

2.
51

–3
.8

6)
-

2.
24

 (
1.

60
–2

.8
8)

A
dj

us
te

d 
fo

r 
M

us
cl

e 
Fa

t
2.

08
 (

1.
37

–2
.7

9)
−2

.2
5 

(−
2.

92
– 

−1
.5

8)
2.

54
 (

1.
84

–3
.2

5)
0.

61
 (

−
0.

03
–1

.2
4)

-

Fu
ll 

m
od

el
: C

om
pl

et
e 

M
ut

ua
l A

dj
us

tm
en

t
1.

13
 (

0.
25

–2
.0

1)
−2

.5
8 

(−
3.

23
– 

−1
.9

2)
2.

30
 (

1.
46

–3
.1

4)
−

0.
25

 (
−

0.
92

–0
.4

3)
1.

79
 (

1.
05

–2
.5

3)

Am J Cardiol. Author manuscript; available in PMC 2019 February 01.


	Abstract
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2



