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Abstract
Background: The inverse association between ideal cardiovascular health (CVH) as measured by the American Heart Association’s Life Simple 
7 (LS7) and cardiovascular disease (CVD) incidence is well documented. However, research exploring the association between CVH and specific 
risk factors for cardiometabolic disease is sparse in diverse cohorts.
Methods: This study included 7717 participants from the Mediators of Atherosclerosis in South Asians Living in America and the Multi-Ethnic 
Study of Atherosclerosis cohorts. We assigned each LS7 component a 0, 1, and 2 and summed these scores to derive an overall CVH score. 
Visceral, subcutaneous, and intermuscular fat area, pericardial fat volume, and hepatic fat attenuation were measured using noncontrast com-
puted tomography. Multivariable linear regression was used to examine associations between CVH categories and each log-transformed ectopic 
fat depot, as well as the homeostatic assessment for insulin resistance (HOMA-IR).
Results:  In adjusted analysis, compared to those with ideal CVH, participants with poor CVH demonstrated 63.4% (95% CI, 54.3-73.0) higher 
visceral fat area, 84.0% (95% CI, 76.5-92.1) higher pericardial fat volume, 61.6% (95% CI, 50.7-73.2) higher subcutaneous fat area, and 40.6% 
(95% CI, 30.2-52.0) higher intermuscular fat area, and 15.1% (95% CI, 13.1-17.2) higher hepatic fat (all Ps < 0.001). Also, poor CVH was asso-
ciated with 148.2% (95% CI, 131.1-166.7) higher HOMA-IR. We also found significant heterogeneity in the strengths of association by race/
ethnicity for each ectopic fat depot.
Conclusion:  Poor and intermediate CVH, as defined by LS7 metrics, were associated with significantly higher measures of ectopic fat and in-
sulin resistance among individuals from 5 racial/ethnic groups.
Key Words:  ectopic fat, insulin resistance, Life’s Simple 7, cardiovascular health

Cardiometabolic diseases are the leading causes of death 
and disability worldwide (1). Insulin resistance [as estimated 
by the homeostasis model assessment of insulin resistance 
(HOMA-IR)] has been shown to be a risk factor for the de-
velopment of cardiometabolic diseases (2, 3). In this regard, 
numerous studies demonstrate an association between insulin 
resistance and accumulation of excess lipids in and around 
organs such as the liver, skeletal muscle, intestines, and heart 
(ie, ectopic fat deposition) (4, 5). These ectopic fat depots are 

associated with a wide range of cardiovascular risk factors 
and events (6-8). Moreover, there are significant racial/ethnic 
differences in ectopic fat deposition, which may predispose 
some of these groups to an increased risk of cardiometabolic 
disease (9).

In 2010, the American Heart Association declared its stra-
tegic impact goal, which stated: “By 2020, to improve the 
cardiovascular health of all Americans by 20% while redu-
cing deaths from cardiovascular diseases (CVD) and stroke 
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by 20%.” As a result, the Life’s Simple 7 (LS7) metrics were 
introduced to measure and monitor the cardiovascular health 
(CVH) of individuals and populations where ideal CVH 
is defined as the presence of both ideal health behaviors 
[nonsmoking, body mass index (BMI) < 25  kg/m2, physical 
activity at goal levels, and diet consistent with guidelines] and 
ideal health factors (untreated total cholesterol ≤ 200  mg/
dL, untreated blood pressure < 120/80 mmHg, and untreated 
fasting blood glucose < 100 mg/dL) (10). The inverse associ-
ation between ideal CVH and CVD incidence is well docu-
mented (11-15). However, research exploring the association 
between CVH and other more precisely measured risk factors 
of cardiometabolic disease, including ectopic fat depots and 
insulin resistance, is sparse (16).

Therefore, using data from 2 large cohorts, Mediators of 
Atherosclerosis in South Asians Living in America (MASALA) 
and Multi-Ethnic Study of Atherosclerosis (MESA), we exam-
ined the association of CVH with ectopic fat measures and 
HOMA-IR among 5 racial/ethnic groups. We hypothesized 
that compared to participants with ideal CVH, those with 
poor CVH would have higher amounts of ectopic fat and 
higher HOMA-IR. We further hypothesized that these asso-
ciations would differ by race/ethnicity, with the largest differ-
ences between non-Hispanic White participants and African 
American or Asian American participants.

Methods
Study Population
Full details of the study design of the MESA and MASALA 
studies were published previously (17, 18). In brief, the MESA 
study commenced in July 2000 to investigate the prevalence, 
correlates, and progression of subclinical CVD in a population-
based sample of men and women aged 45 to 84 years. From 
2000 to 2002 (Exam 1), a total of 6814 participants were 
recruited from 6 field centers in the United States (New York, 
NY; Baltimore, MD; Chicago, IL; Los Angeles, CA; St. Paul, 
MN; and Forsyth County, NC). The study population was 
free of clinical CVD at baseline and included 4 ethnic groups: 
2622 non-Hispanic White, 1893 African American, 1496 
Hispanic, and 803 Chinese American. All MESA participants 
provided written informed consent, and the institutional re-
view boards approved the study at each center (17).

The MASALA study is a community-based prospective co-
hort study of South Asian Americans, free of CVD at base-
line, recruited from 2 clinical sites (San Francisco Bay Area 
at the University of California, San Francisco, and the greater 
Chicago area at Northwestern University) (18). A  total of 
906 South Asians were enrolled between October 2010 and 
March 2013. The study protocol was designed to be similar 
to MESA. The institutional review boards approved the 
MASALA study protocol of the University of California, San 
Francisco, and Northwestern University. All participants pro-
vided a written informed consent (18).

Measurement of Cardiovascular Health
We defined CVH using the American Heart Association’s 
(AHA) LS7 metrics (10, 19). The assessment of smoking 
status was based on self-report. The Typical Week’s Activity 
Survey was used to assess the frequency of various physical 
activities, including walking for exercise, dance, conditional 

activities, and sports, and the metabolic equivalents (METs) 
of each activity were calculated (20). We used the time spent 
in activities identified as either vigorous (>6 METs) or mod-
erate (3-6 METs) in the derivation. The average time per 
week spent in all activities at either a vigorous or moderate 
level was computed for each participant, and participants 
were then categorized based on the AHA criteria (10). For 
dietary assessment in MESA participants, we utilized the 120-
item validated food frequency questionnaire modified from 
the Insulin Resistance Atherosclerosis study instrument (21). 
The assessment of dietary intake in MSALA was based on 
the Study of Health Assessment and Risk in Ethnic groups 
food frequency questionnaire, developed and validated 
for South Asians in Canada (22). As previously defined by 
AHA, a healthy diet contained adequate quantities of 5 items 
(fruits and vegetables, fish, whole grains, sodium, and sugar-
sweetened beverages).

Height was measured using a stadiometer, and weight was 
measured using a standard balance-beam scale or a digital 
weighing scale. The BMI was calculated using weight (in kilo-
grams) divided by height (in meters squared). For Chinese 
Americans and South Asians, we used different BMI cut 
points (23). With the participant in a seated position, and 
after 5 minutes of rest, 3 brachial artery blood pressure read-
ings were obtained with the average of the last 2 readings 
being used in this analysis. Total cholesterol was measured 
using enzymatic methods, and the hexokinase method was 
used to measure fasting plasma glucose. Low-density lipopro-
tein cholesterol was calculated using the Friedewald equation 
(24).

The details of the assessment of AHA’s LS7 metric com-
ponents are shown in Table 1. Each of the LS7 metrics was 
assigned a point score of 0, 1, or 2 to represent poor, inter-
mediate, or ideal health, respectively (25). The sum of the indi-
vidual metric scores was used to derive an overall CVH score, 
ranging from 0 to 14. We further categorized CVH score as 
poor (0-7), intermediate (8-11), or ideal (12-14) CVH, con-
sistent with previously published studies (26, 27).

Assessment of Ectopic Fat
Both MESA and MASALA used identical protocols for ab-
dominal and cardiac computed tomography (CT) scanning. 
Both studies also used the same reading centers and protocols 
for measuring abdominal body composition, pericardial fat 
volume, and intrahepatic fat (28). Pericardial fat volume and 
intrahepatic fat volume were measured at baseline in MESA. 
Abdominal fat area measurements, including subcutaneous, 
visceral, and intermuscular, were measured from Exam 2 
(2002-2004) and Exam 3 (2004-2005) with a random sample 
of participants in each of the 4 racial/ethnic groups: 785 non-
Hispanic White, 407 African American, 501 Hispanic, and 
251 Chinese American.

Two single‐slice noncontrast CT scans were obtained be-
tween the L4 and L5 vertebral levels to measure subcuta-
neous, visceral, and total intermuscular abdominal fat areas 
(cm2) (18). Measurements of visceral fat, subcutaneous 
fat, and intermuscular fat from CT scans were conducted 
using the MIPAV (Medical Image Processing, Analysis, and 
Visualization) software. Subcutaneous fat was defined as the 
fat outside of the visceral cavity but did not include that lo-
cated within the muscular fascia. Visceral fat was defined as 
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tissue within the contour of the visceral cavity. Fat tissue was 
identified as being between −190 and −30 Hounsfield units. 
We calculated the total intermuscular fat area by combining 
fat around the oblique, rectus abdominus, paraspinal, and 
psoas muscle groups (28). Inter- and intrarater reliabilities 
for total abdominal, subcutaneous, and visceral cavity areas 
were 0.99.

Noncontrast cardiac CT images were obtained to measure 
both pericardial fat volume (cm3) and intrahepatic fat, using a 
cardiac‐gated CT scanner (29). Pericardial fat was also distin-
guished by density from the entire heart using volume analysis 
software (GE Healthcare, Waukesha, WI, USA) and included 
epicardial and paracardial fat in and around the pericardium. 
Higher hepatic fat was quantified as the inverse of the hepatic 
fat attenuation, with lower attenuation indicating more liver 
fat (30).

Assessment of Insulin Resistance
In MESA, serum insulin was measured from baseline sam-
ples with the Beckman Access assay. To harmonize this in-
sulin assay with newer-generation assays with the Roche 
Elecsys assay that were used in future MESA exams and the 
MASALA study, a calibration study was performed to calcu-
late a formula for serum insulin values that correlated with 
the Roche method. The calibration formula is as follows: cali-
brated insulin = 1.656 + [0.208 × (Beckman Access assay re-
sult × 6)] (31). The HOMA-IR was used to measure insulin 
resistance and calculated as fasting insulin (µIU/mL) × fasting 
glucose (mmol/L)/22.5 (32). For supplemental analysis only, 
the single-point insulin sensitivity estimator (SPISE) index [a 
surrogate for insulin resistance, which has been found com-
parable to the gold standard test (hyperinsulinemic euglycemic 
glucose clamp)] was computed as follows: SPISE = 600 × 
High-density lipoprotein cholesterol 0.185/(Triglyceride 0.2 
× BMI 1.338) (33).

Assessment of Covariates
Information was collected on self-reported sociodemographic 
variables, including age, sex, race/ethnicity, education, and 
income by trained study personnel (17, 18). Education was 
classified as ≥bachelor’s degree and < bachelor’s degree. 
Income was divided into participants who made ≥$75  000 
and <$75 000 annually.

Statistical Analysis
We presented the baseline characteristics of study partici-
pants by CVH categories. We reported categorical variables 
as counts (percentages) and continuous variables as mean 
(SD) or median (interquartile range) depending on the nor-
mality of the data. To compare the baseline characteristics, 
we used analysis of variance for continuous variables and the 
chi-square test for categorical variables.

Since the ectopic fat variables were not normally distrib-
uted, we performed log-transformation. Because a higher level 
of hepatic fat is indicated by lower hepatic fat attenuation, for 
ease of interpretation, we inverted the hepatic fat attenuation 
values by multiplying the measured values by −1. We used 
a multivariable linear regression model to examine the asso-
ciation between CVH categories and each log-transformed 
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ectopic fat depot as well as HOMA-IR separately. Two sep-
arate regression models were fitted. Model 1 was unadjusted, 
and Model 2 was adjusted for age, sex, race/ethnicity, educa-
tion, and income. Finally, we back-transformed the beta coef-
ficient into a percent difference to improve the interpretability 
and comparability of the results. We also reported the asso-
ciation of individual CVH components with ectopic fat and 
insulin resistance.

We displayed the distribution of CVH categories by race/
ethnicity. We also examined the interaction of CVH categories 
with race/ethnicity using the likelihood ratio χ 2 test by 
including interaction terms in Model 2. We reported the as-
sociation between CVH and ectopic fat variables stratified by 
race/ethnicity. To further understand any potential heterogen-
eity, we estimated the distribution of individual CVH compo-
nents among the 5 racial/ethnic groups. Additional analyses 
were performed to examine the linear correlation between 
continuous values of ectopic fat measures and HOMA-IR. We 
investigated the following as sensitivity analysis: (1) the asso-
ciation of CVH categories with subcutaneous fat adjusting 
for visceral fat; (2) the association of ectopic fat measures 
with the SPISE index; (3) heterogeneity in the associations by 
diabetes status; and (4) the association of ectopic fat meas-
ures with low- density lipoprotein cholesterol. A  2-sided 
P-value < 0.05 was considered statistically significant, and 
all statistical analyses were performed using SAS version 9.4 
(SAS Institute Inc., Cary, NC, USA).

Results
Among the 7717 participants included in the analysis (aged 
61.4 ± 10.4  years, 52.1% female), 30.1% (n = 2321) had 
poor CVH, 62.0% (n = 4785) had intermediate CVH, and 
the remaining 7.9% (n = 611) had ideal CVH. Table 2 shows 
the baseline characteristics of the study population by CVH 
categories. Participants in the ideal CVH category were more 
likely to be younger, female, belong to higher socioeconomic 
status, and have a lower prevalence of family history of a 
heart attack. Supplemental Figure 1 shows the distribution 
of CVH categories among 5 racial/ethnic groups (34). Of 
African American participants 41.1% (n = 784) had poor 
CVH, while only 3.2% (n = 61) had ideal CVH. In com-
parison, only 16.7% (n = 134) Chinese American had poor 
CVH, while 12.7% (n = 102) had ideal CVH.

The distribution of individual CVH components among the 
5 racial/ethnic groups is shown in Table 3 and Supplemental 
Figures 2 to 8 (34). An ideal healthy diet was rare across all 
groups, with the highest percentage in that category among 
South Asian Americans. In contrast, ideal smoking behaviors 
were high in all groups. Differences by race/ethnicity were 
most striking for the non-Hispanic White group, which had 
a higher percentage of participants in the ideal categories for 
most traditional CVD risk factors. Differences in the BMI 
component were also notable, with Non-Hispanic White and 
South Asian American groups having a higher proportion 
of participants in the ideal categories, followed by African 
American, Hispanic, and Chinese American groups.

Figure 1 and Table 4 show the relative percent differ-
ence and 95% CI of association between CVH categories 
and fat from different ectopic depots in individuals from 
all 5 racial/ethnic groups combined. In a model adjusted for 
age, sex, race/ethnicity, education, and income compared to 

those with ideal CVH, participants with poor CVH demon-
strated 63.4% (95% CI, 54.3-73.0) higher visceral fat area, 
84.0% (95% CI, 76.5-92.1) higher pericardial fat volume, 
61.6% (95% CI, 50.7-73.2) higher subcutaneous fat area, 
and 40.6% (95% CI, 30.2-52.0) higher intermuscular fat 
area, and 15.1% (95% CI, 13.1-17.2) higher hepatic fat (all 
Ps < 0.001). Participants with intermediate CVH also dem-
onstrated higher ectopic fat measures than ideal CVH (Fig. 1, 
Table 4). We also examined the association of CVH categories 
and subcutaneous fat area, adjusting for the visceral fat area 
in addition to sociodemographic variables. Participants with 
poor CVH demonstrated 37.6 % (95% CI, 28.3-47.6) higher 
subcutaneous fat area. Table 5 shows the relative percent dif-
ference and 95% CI of association between CVH categories 
and HOMA-IR. As shown, compared with ideal CVH, parti-
cipants with intermediate CVH demonstrated 52.8% (95% 
CI, 42.6-63.8) higher insulin resistance, and those with poor 
CVH demonstrated 148.2% (95% CI, 131.1-166.7) higher 
insulin resistance.

To assess heterogeneity by race/ethnicity in the association 
between CVH categories and ectopic fat measures, we for-
mally tested for the interaction by race/ethnicity (Table 6). 
The interaction was statistically significant for all ectopic fat 
measures and HOMA-IR (P < 0.01 for all). Figures 2 and 
3 show the relative percent difference and 95% CI of asso-
ciation between CVH and ectopic fat measures and insulin 
resistance, respectively, among 5 race/ethnic groups using a 
model adjusted for age, sex, education, and income. The par-
ticipants with poor CVH among different races/ethnicities 
consistently had higher ectopic fat measures and HOMA-IR 
compared with ideal CVH, but some of the estimates differed.

The only significant heterogeneity for visceral fat was for 
South Asian participants who had a stronger relationship be-
tween CVH and visceral fat with higher estimates for poor 
CVH (Fig. 2). Figure 2 and Table 6 show that heterogeneity 
for the other fat measures was more complicated. Figure 
3 and Table 6 show that heterogeneity for HOMA-IR was 
similar to visceral fat, where the only significant heterogeneity 
was for South Asian participants who had a stronger relation-
ship between CVH and HOMA-IR with higher estimates for 
poor CVH.

Supplemental analysis revealed similar results. As expected, 
we found a statistically significant correlation between dif-
ferent ectopic fat measures and HOMA-IR with minor dif-
ferences by race/ethnicity [Supplemental Tables 1-6 (34)]. 
Supplemental Table 7 shows that the results for the SPISE 
index across CVH categories exhibit the same general pat-
tern as for HOMA-IR (34). Supplemental Table 8 shows that 
results were generally similar for those with and without dia-
betes, and most variations are likely due to sample size differ-
ences, with the 1 potential exception being intermuscular fat 
that exhibited qualitative differences by diabetes status (34). 
As expected, Supplemental Figure 9 shows that the associ-
ation between ectopic fat measures and low-density lipopro-
tein is similar to those seen for total cholesterol more broadly 
(34).

We also examined the association between individual CVH 
metrics with ectopic fat and insulin resistance [Supplemental 
Figure 10A-10F (34)]. Associations were generally similar 
across fat from different depots. Given that they are all 
measurements of adiposity, all ectopic fat measures were 
strongly associated with BMI as expected, with the strongest 
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association for subcutaneous fat. Similarly, HOMA-IR and 
glucose share mechanistic pathways and were strongly re-
lated. Most fat measures were also associated strongly with 
glucose and blood pressure, and more moderate associations 
were seen for physical activity and diet. The estimates for sub-
cutaneous fat with CVH metrics other than BMI were not-
ably less pronounced than for fat from other depots.

Discussion
This investigation demonstrated several important findings 
from a large community‐based cohort that included 5 ra-
cial/ethnic groups and was carefully phenotyped to assess 
various measures of ectopic fat. We found that participants 
classified as having intermediate or poor CVH, based on 
the AHA LS7 metric, had higher visceral, pericardial, sub-
cutaneous, intermuscular, and hepatic fat compared to those 
with ideal CVH. We also found that worse CVH was asso-
ciated with higher insulin resistance. Finally, the association 
between worse CVH and ectopic fat was consistent among 
the 5 racial/ethnic groups; however, the magnitude of associ-
ation was quantitatively different for each fat depot by race/
ethnicity.

Multiple studies have demonstrated that visceral fat is a 
major contributor to CVD and metabolic risk above and be-
yond BMI (35-38). Our finding of poor CVH significantly as-
sociated with higher visceral fat supports prior investigations 

showing the association of diet and physical exercise with 
visceral fat (39, 40). In contrast, the relationship of subcuta-
neous fat with CVD is more complicated, with estimates ran-
ging from positive, null, and negative often heavily modified 
by adjustment for other fat variables (38, 41, 42). Our re-
sults further support the existence of this complexity and are 
consistent with the hypothesis that the plasticity and expand-
ability of subcutaneous fat depot (as opposed to the absolute 
level of fat itself) offer protection against visceral and ectopic 
fat deposition and subsequent metabolic health consequences 
(43).

While fat from the other depots have all been shown to 
be associated with cardiometabolic disease, differences in the 
specific cardiometabolic implications of excess adiposity in 
other fat depots have also been noted. For instance, pericar-
dial fat has been demonstrated to have a particular associ-
ation with heart failure and atrial fibrillation, intermuscular 
fat has been associated with impaired glucose tolerance and 
dyslipidemia, and several studies have demonstrated that hep-
atic fat is associated with a significantly increased risk of type 
2 diabetes and CVD (6, 7, 44-50). Our study is consistent 
with these previous findings, but the magnitude of associ-
ation between poor CVH and hepatic fat was relatively low 
compared to the association with other ectopic fat stores. The 
exact underlying mechanism of this finding is unclear. While 
the method of measurement is different for hepatic fat than 
for fat in the other depots, this finding could also suggest a 

Table 2.  Baseline characteristics of the study population by cardiovascular health

Characteristics Overall  
(n = 7717) 

Poor  
(n = 2321) 

Intermediate  
(n = 4785) 

Ideal  
(n = 611) 

P-valuea 

Age, years 61.4 ± 10.4 62.4 ± 9.8 61.3 ± 10.5 57.9 ± 10.3 <0.001

Male, n (%) 3697 (47.9) 1115 (48.0) 2340 (48.9) 242 (39.6) <0.001

Education > bachelor’s degree, n (%) 1756 (22.8) 318 (13.8) 1204 (25.2) 234 (38.3) <0.001

Family income ≥ $75 000 per year, n (%) 2122 (28.6) 403 (18.4) 1433 (30.9) 286 (46.9) <0.001

Family history of heart attack, n (%) 3145 (43.1) 1033 (47.2) 1926 (42.6) 186 (31.8) <0.001

Current smoker, n (%) 918 (11.9) 587 (25.5) 331 (6.9) 0 (0)  

Systolic blood pressure, mmHg 126.4 ± 20.9 136.3 ± 21.5 123.8 ± 19.2 109.0 ± 11.5  

Diastolic blood pressure, mmHg 72.1 ± 10.2 75.0 ± 10.7 71.5 ± 9.8 66.0 ± 7.7  

Hypertension medications, n (%) 2812 (36.5) 1221 (50.9) 1559 (32.7) 32 (5.9)  

BMI, kg/m2 28.1 ± 5.4 31.3 ± 5.5 27.1 ± 4.7 23.1 ± 2.4  

Total cholesterol, mg/dL 193.4 ± 35.9 202.2 ± 41.6 191.1 ± 33.2 178.4 ± 23.6  

LDL-C, mg/dL 116.5 ± 31.6 123.1 ± 35.7 115.1 ± 29.8 103.1 ± 22.0  

HDL-C, mg/dL 50.9 ± 14.7 48.2 ± 13.3 51.5 ± 14.9 56.2 ± 16.1  

Lipid lowering agent, n (%) 1373 (17.8) 560 (24.2) 786 (16.5) 27 (4.4)  

Fasting glucose, mg/dL 97.9 ± 29.9 112.0 ± 42.0 92.8 ± 20.9 84.7 ± 8.2  

Diabetes medications, n (%) 812 (10.5) 532 (22.2) 278 (5.8) 2 (0.4)  

Exercise (MET minutes/week) 1523.5 ± 2246.7 808.0 ± 1917.1 1739.8 ± 2215.1 2527.0 ± 2836.0  

Visceral fat area, cm2 195.1 ± 80.6 234.0 ± 83.6 186.4 ± 74.4 137.9 ± 59.0 <0.001

Pericardial fat volume, cm3 77.1 ± 41.3 94.9 ± 46.6 72.2 ± 36.6 48.5 ± 23.3 <0.001

Subcutaneous fat area, cm2 251.0 ± 110.6 304.3 ± 127.9 240.8 ± 100.8 190.5 ± 68.9 <0.001

Intermuscular fat area, cm2 23.2 ± 11.0 27.0 ± 12.8 22.4 ± 10.2 18.5 ± 7.2 <0.001

Hepatic fat attenuation, inverted HU -60.7 ± 12.5 -57.2 ± 14.1 -62.0 ± 11.7 -64.9 ± 8.6 <0.001

HOMA-IR 2.73 ± 6.36 4.01 ± 7.64 2.29 ± 5.97 1.37 ± 0.68 <0.001

Data are given as mean ± SD or n (%).
Abbreviations: BMI, body mass index; CVH, cardiovascular health; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model 
assessment of insulin resistance; HU, Hounsfield unit; LDL-C, low-density lipoprotein cholesterol.
aP-value by analysis of variance for continuous variables and chi‐square for categorical variables.
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differential association of health behaviors and risk factors 
with different ectopic fat depots.

A previous cross-sectional study of the MESA and MASALA 
cohorts revealed heterogeneity in the distributions of ectopic 
fat by race/ethnicity (9). For instance, South Asian Americans 
had higher intermuscular and hepatic fat than other racial/
ethnic groups. One of the important findings of our study is 
the significant association of worse CVH with higher levels of 
ectopic fat and insulin resistance regardless of race/ethnicity. 
However, the strength of association was different. By com-
paring the distribution of individual CVH components by 
race/ethnicity, we can gain further insight into the potential 
reasons for heterogeneity in the relationship between ectopic 
fat depots and overall CVH score. The distributions of CVH 
components by race/ethnicity were generally consistent with 
other estimates. In particular, the distribution of BMI is con-
sistent with higher levels of obesity in African American and 
Hispanic populations and lower levels of obesity in Chinese 
American and South Asian American populations. It is well 
known that individuals from certain Asian populations may 
have a higher ectopic fat burden at the same level of BMI 
compared to their White counterparts (51, 52). Of note, the 
typical CVH scoring uses 1 set of cut points for BMI regard-
less of race/ethnicity, but we used the population-specific cut 

Table 3.  Distribution cardiovascular health components by race/ethnicity

CVH categories Non-Hispanic White African American Hispanic Chinese American South Asian 

Smoking, n (%)      

  Poor 301 (11.5) 338 (18) 203 (13.6) 45 (5.6) 31 (3.4)

  Intermediate 59 (2.3) 26 (1.4) 33 (2.2) 9 (1.1) 124 (13.7)

  Ideal 2254 (86.2) 1514 (80.6) 1259 (84.2) 748 (93.3) 751 (82.9)

BMI, n (%)      

  Poor 723 (27.6) 859 (45.4) 577 (38.6) 322 (40.1) 218 (24.1)

  Intermediate 1052 (40.1) 699 (36.9) 666 (44.5) 375 (46.7) 418 (46.1)

  Ideal 846 (32.3) 334 (17.7) 252 (16.9) 106 (13.2) 270 (29.8)

Physical activity, n (%)      

  Poor 447 (17.1) 448 (23.8) 466 (31.2) 203 (25.3) 138 (15.2)

  Intermediate 464 (17.8) 335 (17.8) 248 (16.6) 156 (19.4) 181 (20)

  Ideal 1703 (65.1) 1098 (58.4) 780 (52.2) 444 (55.3) 587 (64.8)

Healthy diet, n (%)      

  Poor 1605 (63.1) 1096 (62.9) 957 (66.9) 247 (30.8) 352 (38.9)

  Intermediate 928 (36.5) 650 (37.1) 469 (32.8) 555 (69.1) 530 (58.5)

  Ideal 11 (0.4) 5 (0.3) 4 (0.3) 1 (0.1) 24 (2.6)

Total cholesterol, n (%)      

  Poor 266 (10.2) 148 (7.9) 181 (12.1) 58 (7.2) 79 (8.8)

  Intermediate 1223 (46.8) 780 (41.5) 610 (40.8) 323 (40.3) 462 (51.2)

  Ideal 1124 (43) 951 (50.6) 703 (47.1) 421 (52.5) 361 (40)

Blood pressure, n (%)      

  Poor 549 (21) 626 (33.1) 386 (25.8) 191 (23.8) 163 (18)

  Intermediate 1110 (42.4) 862 (45.6) 591 (39.5) 287 (35.7) 447 (49.3)

  Ideal 960 (36.7) 403 (21.3) 518 (34.6) 325 (40.5) 296 (32.7)

Blood glucose, n (%)      

  Poor 97 (3.7) 203 (10.8) 186 (12.5) 67 (8.4) 99 (11.1)

  Intermediate 355 (13.6) 405 (21.6) 309 (20.7) 175 (21.8) 289 (32.4)

  Ideal 2161 (82.7) 1271 (67.6) 998 (66.8) 559 (69.8) 505 (56.6)

Abbreviations: BMI, body mass index; CVH, cardiovascular health.
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Figure 1.  Association of cardiovascular health and ectopic fat measures 
(relative percent differences and 95% CIs). The model adjusted for age, 
sex, race/ethnicity, education, and income.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article/doi/10.1210/clinem
/dgac102/6533646 by U

niversity of C
alifornia, San Francisco user on 06 M

ay 2022



The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. XX, No. XX 7

points for our primary analysis, and this may have impacted 
our results. Even using the different cut points, we found that 
the highest percentage of Chinese American participants were 
in the ideal categories of smoking, total cholesterol, and blood 
pressure. This may partly explain the lower relative percent 
difference of association between poor CVH and pericardial, 
visceral, and subcutaneous fat for Chinese Americans com-
pared to other racial/ethnic groups. A higher percentage of 
African American participants were classified as having poor 
CVH for the smoking, BMI, and blood pressure metric com-
ponents, which may explain the higher relative percent differ-
ence between poor CVH and subcutaneous and pericardial 
fat African Americans.

The available evidence clearly indicates the link between 
ectopic fat deposition and insulin resistance that can lead to 
multiple metabolic disturbances; however, few studies have 
evaluated these relationships in diverse cohorts (53-60). Our 

study provides additional support by showing a significant 
association between poor CVH and insulin resistance among 
all racial/ethnic groups.

This study has several strengths as it is the first study 
that we are aware of to examine the association of CVH 
with ectopic fat depots and insulin resistance among 5 
racial/ethnic groups in the United States using data from 
2 large cohorts with harmonized data. The MESA and 
MASALA study personnel collected data for CVH using 
standardized methods and procedures. In addition, it in-
cludes gold standard radiographic measures of body com-
position, including understudied measures of ectopic fat. 
However, our study also has some limitations. First, the 
prevalence of obesity in 2000-2005 during the MESA data 
collection and 2010-2013 for the MASALA data collec-
tion may differ and may have introduced some differences 
between the 2 cohorts. Second, the MESA and MASALA 

Table 4.  Relative percent difference and 95% CI of association of CVH with ectopic fat and Insulin resistance

Cardiovascular Health Model 1a Model 2b

Relative percent difference (95% CI) P-value Relative percent difference (95% CI) P-value 

Visceral fat

  Ideal Reference  Reference  

  Intermediate 34.6 (26.5, 43.2) <0.0001 32.3 (25.4, 39.5) <0.0001

  Poor 70.1 (59.2, 81.7) <0.0001 63.4 (54.3, 73.0) <0.0001

Pericardial fat

  Ideal Reference  Reference  

  Intermediate 49.9 (43.6, 56.4) <0.0001 41.5 (35.9, 47.1) <0.0001

  Poor 97.8 (89.1, 106.9) <0.0001 84.0 (76.5, 92.1) <0.0001

Subcutaneous fat

  Ideal Reference  Reference  

  Intermediate 27.5 (19.7, 35.9) <0.0001 29.3 (21.3, 37.7) <0.0001

  Poor 60.2 (49.6, 71.6) <0.0001 61.6 (50.7, 73.2) <0.0001

Intermuscular fat

  Ideal Reference  Reference  

  Intermediate 22.1 (13.2, 31.9) <0.0001 16.5 (8.2, 25.5) <0.0001

  Poor 51.0 (39.5, 63.4) <0.0001 40.6 (30.2, 52.0) <0.0001

Hepatic fat

  Ideal Reference  Reference  

  Intermediate 6.0 (3.7, 8.1) <0.0001 6.3 (4.1, 8.4) <0.0001

  Poor 14.4 (12.4, 16.5) <0.0001 15.1 (13.1, 17.2) <0.0001

Abbreviation: CVH, cardiovascular health.
aUnadjusted.
bAdjusted for age, sex, race/ethnicity, education, and income.

Table 5.  Relative percent difference and 95% CI of association between cardiovascular health categories and insulin resistance

HOMA-IR  Model 1a  Model 2b  

Relative percent difference (95% CI) P-value Relative percent difference (95% CI) P-value

Ideal Reference  Reference  

Intermediate 52.1 (41.8, 63.1) <0.001 52.8 (42.6, 63.8) <0.001

Poor 149.5 (132.3, 167.9) <0.001 148.2 (131.1, 166.7) <0.001

Abbreviations: CVH, cardiovascular health; HOMA-IR, homeostasis model assessment of insulin resistance.
aUnadjusted.
bAdjusted for age, sex, race/ethnicity, education, and income.
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cohorts recruited study participants from limited geo-
graphic areas, which restricts the generalizability of the 
study findings. Specifically, heterogeneity for the Chinese 
American group may have been missed due to the smaller 
sample size. Third, these analyses utilized CVH measured 
at only 1 time point and cannot capture changes in CVH 
status over time. The single time point also means that 
this study cannot take advantage of newer measurement 
approaches for adiposity, including advancements in dual-
energy X-ray absorptiometry or separate measurements 
for epicardial and paracardial fat. Finally, the study’s 
cross-sectional nature and the multiple components in-
cluded in the CVH calculation do not allow us to demon-
strate the temporality of these relationships. Some of the 

CVH components are upstream of excess adiposity, while 
others, including traditional CVD risk factors, are clearly 
downstream on the causal path from excess adiposity. This 
study provides a broader view of the association between 
CVH and fat stored in different depots in the context of 
existing work on specific pathways between adiposity and 
cardiometabolic risk.

In conclusion, we found that poor and intermediate CVH, 
as defined by LS7 metrics, was associated with significantly 
higher ectopic fat and insulin resistance measures than ideal 
CVH among all the studied racial/ethnic groups. Despite dif-
ferent distributions of CVH by race/ethnicity, the association 
between ectopic fat and CVH was strong and qualitatively 
consistent across the groups. However, we found significant 

Table 6.  Race/ethnicity by cardiovascular health categories interaction for ectopic fat and insulin resistance

Race/ethnicity Non-Hispanic White Chinese American African American Hispanic South Asian 

Visceral fat      

  Non-Hispanic White     **

  Chinese American     **

  African American     ***

  Hispanic     **

  South Asian ** ** *** **  

Pericardial fat      

  Non-Hispanic White  *** *** *** ***

  Chinese American ***  * *  

  African American *** *    

  Hispanic *** *    

  South Asian ***     

Subcutaneous fat      

  Non-Hispanic White  **  ** ***

  Chinese American **  *   

  African American  *   **

  Hispanic **     

  South Asian ***  **   

Intermuscular fat      

  Non-Hispanic White  ***   **

  Chinese American ***     

  African American      

  Hispanic      

  South Asian **     

Hepatic fat      

  Non-Hispanic White   **   

  Chinese American     *

  African American **   * **

  Hispanic   *   

  South Asian  * **   

HOMA-IR      

  Non-Hispanic White     *

  Chinese American     **

  African American     **

  Hispanic     *

  South Asian * ** ** *  

Abbreviations: CVH, cardiovascular health; HOMA-IR, homeostasis model assessment of insulin resistance.
*<0.05.
**<0.01.
***<0.001.
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heterogeneity in the strengths of association by race/ethnicity 
for each ectopic fat depot. Further investigation into how risk 
factor distribution differences interact with ectopic fat dis-
tribution in the development of CVD risk by race/ethnicity 
could lead to more targeted and successful cardiometabolic 
disease prevention strategies.
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