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South Asian (SA) individuals, particularly those that reside in the United States and other Westernized countries,
are at an elevated risk for ASCVD and mortality related to ASCVD. The 2018 ACC/AHA/Multi-society Cholesterol
guideline listed SA as a high-risk ethnicity, underscoring the importance of treating modifiable risk factors to
reduce ASCVD burden. Coronary artery calcium (CAC), a highly specific marker of subclinical atherosclerosis,
may be a useful test to improve risk stratification among SA individuals. CAC testing is a cost-effective, highly

reproducible, and specific marker of subclinical atherosclerosis, shown to improve ASCVD risk assessment across
all racial/ethnic groups, thereby serving as a guide for initiating or deferring preventive therapies. In this White
Paper we will discuss the use of CAC scoring to optimize risk stratification and delivery of preventive therapies to

individuals of SA ethnicity.

1. Introduction

South Asian (SA) individuals make up a diverse ethnic milieu of in-
dividuals that trace their roots back to the Southern part of Asia
including the Indian subcontinent. The term SA refers collectively to
individuals with ancestry from the countries of Bangladesh, Bhutan,
India, the Maldives, Nepal, Pakistan, and Sri Lanka. SAs are a rapidly
growing ethnic group within and outside of the United States due to
Western migration. Despite the growth and socioeconomic success of
this group, Western acculturation has uncovered new challenges with
regard to cardiometabolic health.

As an ethnicity, SA individuals are at high risk for atherosclerotic
cardiovascular disease (ASCVD). The first reports of elevated ASCVD
risk came from Singapore in 1959 [1]. Over the last several decades, a
growing body of knowledge on ASCVD in SA individuals has pointed to a
higher burden, earlier onset, and greater mortality of ASCVD within the

SA community when compared to Non-Hispanic Whites (NHWs) [2-5].

Notably, SA individuals, particularly those that reside in the United
States and other Westernized countries, are at an even greater risk for
ASCVD and mortality related to ASCVD. The mortality burden from
ischemic heart disease among SA individuals is reflected by the pro-
portional mortality rates. The proportional mortality rates in Asian In-
dian men and women are 1.43 and 1.12 respectively and are
substantially elevated, when compared with NHW men (1.08) and
women (0.92) [6]. Acknowledging this burden of heart disease, SA
ethnicity is now listed as a ‘risk-enhancing’ factor, a factor that is
thought to confer an elevated risk for ASCVD, in the 2018 American
College of Cardiology (ACC)/ American Heart Association (AHA)/
Multi-society Guideline on the management of Blood Cholesterol [7,8].

While the ASCVD burden among SA individuals is multifactorial, the
greatest need lies in appropriate risk stratification, prevention, and
management of disease. A number of challenges lie in clinical risk
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stratification in these individuals using currently available risk calcu-
lators, namely due to either the overestimation or underestimation of
risk. In this White paper, we will discuss the utility of noninvasive im-
aging with coronary artery calcium (CAC) scoring and coronary
computed tomography (CT) to assist in “leveling the playing field” with
regard to assessment of ASCVD risk.

2. Drivers of ASCVD among South Asians

The drivers of the elevated ASCVD burden among SA individuals
residing in the United States include a broad variety of biological
mechanisms and non-biological social and health-related behaviors.
Insulin resistance, impaired glucose tolerance, metabolic syndrome
(MetS), and type II diabetes mellitus collectively are some of the most
common risk factors among SA individuals when compared to NHWs.
Type II diabetes prevalence is at least 2-fold higher among SA in-
dividuals when compared to NHW [9]. Overall, the prevalence of type II
diabetes and prediabetes is estimated at 29% and 37% respectively
among Asian Indians [10]. Obesity, particularly abdominal adiposity
and increased waist circumference is highly prevalent among SAs and
contributes to increased cardiometabolic risk [11]. The World Health
Organization and American Diabetes Association have recommended
lower body mass index (BMI) cutoffs for individuals of SA ethnicity such
that a normal BMI is 18.5-22.9 kg/m?, an overweight BMI is 23.0-27.4
kg/mz, and an obese BMI is >27.5 kg/m2 [11]. The lower cut points
encourage healthy eating and weight management earlier on and trigger
screening for cardiovascular disease risk factors, which become more
prevalent at a lower BMI among SA individuals [12]. Dyslipidemia
including elevated triglycerides, low HDL-C, potentially dysfunctional
HDL-C, and smaller, lower density LDL particles are also notable con-
tributors to the increased ASCVD risk [13]. Higher serum levels of li-
poprotein(a) have also been reported among SA individuals and reflect a
genetically inherited component to ASCVD risk [14]. Other ASCVD risk
factors that elevate the risk include hypertension, which is more prev-
alent amongst SA individuals compared to NHW, and smoking [15].
While traditional tobacco use (i.e. cigarette smoking) is lower among SA
individuals, clinical questionnaires and assessments often do not take
into account other forms of cultural tobacco use that may be more
commonly used (i.e. bidis, paan, paan masala, gutka, hookah, for
example) and which influence ASCVD risk [16,17].

Non-biological mechanisms are also though to play a significant role
in ASCVD risk and the development of its risk factors. Western accul-
turation of traditional dietary patterns to incorporate a higher propor-
tion of foods that are higher in saturated fats and sugars and lower in
nutritional value and low physical activity rates compared to other
racial and ethnic minorities further elevate the risk of ASCVD through
non-biological mechanisms [15,18].

3. Current guideline recommendations for coronary artery
calcium scoring

The 2018 ACC/AHA Cholesterol Guideline and 2019 ACC/AHA
Primary Prevention Guideline recommends the use of the Pooled Cohort
Equations (PCEs) to stratify patients into low, borderline, intermediate
and high ASCVD risk [19,20]. Screening recommendations using the
PCE begin at the age of 40 years. Per the guidelines, CAC scoring may be
considered in individuals at borderline or intermediate risk in whom the
benefit of statin use may be unclear. In younger adults, ages 20-39 years,
a lifetime risk assessment is recommended and statin therapy may be
considered in those with a strong family history of ASCVD or in those
with significantly elevated LDL-C (including familial
hypercholesterolemia).
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Table 1
Limitations of the Pooled Cohort Equations Among South Asians.

1 Current guidelines recommend the use of risk algorithms that have not been
prospectively derived from or validated for use in South Asians.

2 Current recommendations suggest that South Asian (and other ethnicities) should
be classified as “White” race, which does not always accurately capture the risk.

3 Crude adjustment models to calculate ASCVD risk (i.e. UK based QRISK2 and QRISK
Lifetime 3rd Joint British Societies’ Risk Calculator) do not accurately capture risk
among South Asians

4 Limited consideration has been given for native vs. migrant populations of South
Asians in whom ASCVD risk differs.

5 There is a is paucity of data that is disaggregated by country of origin, which
inadequately captures ASCVD health differences among South Asian subgroups.

4. Limitations of traditional risk stratification algorithms and
current guideline recommendations in South Asians

Risk assessment is a fundamental aid for ASCVD risk reduction
counseling. The 2018 ACC/AHA Guideline on the Management of Blood
Cholesterol listed SA as a high-risk ethnicity and a risk-enhancing factor,
thereby recommending that SA individuals at borderline (5- <7.5% 10-
year ASCVD risk) or intermediate (>7.5%- <20% 10-year ASCVD risk)
risk or higher per the PCEs as candidates for consideration of statin
initiation or intensification [19]. While these recommendations and
other risk prediction tools acknowledge the elevated risk at a population
level the elevated risk among SA individuals, there are limitations to risk
prediction, discrimination, and calibration in these individuals (sum-
marized in Table 1). First, available guidelines recommend risk algo-
rithms have not been derived from or prospectively validated in SA
adults; second, SA (and other ethnicities) are recommended to be clas-
sified as ‘White’ race (underestimating risk using the Pooled Cohorts
Equations); third, crude adjustment factors to calculate ASCVD risk fail
to accurately capture risk (using the UK based QRISK2 and QRISK
Lifetime3rd Joint British Societies’ Risk Calculator); fourth, limited
considerations have been given for native versus migrant populations;
and finally, there is paucity of disaggregated data, which masks mean-
ingful ASCVD health differences in SA subgroups. Overall, the PCEs have
reasonable functionality in SA individuals (majority Asian Indian pop-
ulation) in the US who are at the extremes of risk (<5% and >20%),
however, systematic consideration of statin treatment in these in-
dividuals at borderline and intermediate risk may result in over-
treatment with statin therapy [21]. More refined means of risk
stratification are needed for SA individuals, particularly for those who
carry higher ASCVD risk compared to Asian Indians and who are un-
derrepresented in current research studies such as those of Pakistani and
Bangladeshi origin.

There is robust evidence demonstrating significant ASCVD burden in
younger SA individuals, particularly before the age of 45 years [22]. Per
current screening recommendations, many younger SA individuals may
be misclassified as low-risk by the PCEs and would remain inadequately
screened and treated [23]. Comprehensive screening with cardiovas-
cular imaging and blood biomarkers did not reduce the risk of death in a
majority White population, leaving the role of population level cardio-
vascular screening in SA individuals less clear, and unlikely to be rec-
ommended at this time.

5. Coronary calcium scoring in South Asians

Substantial variability exists in the CVD prevalence, incidence, risk,
and health-seeking behavior among SA subgroups [5,6,24-27]. In
addition to frequent and universal screening for traditional risk factors
and metrics, the use of CAC, a highly specific marker of subclinical
atherosclerosis, therefore may be a useful test to improve risk stratifi-
cation in SA individiuals [28]. CAC testing is a cost-effective, highly
reproducible, and specific marker of subclinical atherosclerosis, proven
to improve ASCVD risk assessment across all racial/ethnic groups,
thereby serving as a guide for initiating or deferring preventive therapies
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[29]. An elevated CAC score has been shown to be independently
associated with ASCVD and further stratifies ASCVD risk while CAC
score of 0 does not further stratify ASCVD risk [30].

Among asymptomatic Asian Indians without diabetes who were
borderline risk in the MASALA cohort, 54% had an absence of CAC
(score of 0). Among Asian Indians without diabetes who were at inter-
mediate risk, 30% had an absence of CAC, but 70% had a CAC score that
was >0. The prevalence of CAC was higher among Asian Indians at in-
termediate risk than at borderline risk [19,21]. In these individuals at
borderline or intermediate risk who are asymptomatic and free of dia-
betes, CAC may provide additional value in ASCVD risk stratification. It
is important to note that this cohort was enriched in Asian Indians and
had very few Pakistani and Bangladeshi Americans, both of which are
higher risk SA subgroups. Additional considerations for the use of CAC
to further assess ASCVD risk include individuals who are at low risk by
the PCE (who would otherwise not qualify for statin therapy) but have a
family history premature ASCVD. In these patients, the use of CAC, and
particularly early screening beginning around the ages of 30 or 40 years
may identify higher risk individuals in whom preventive therapies may
be initiated earlier on despite the lack of traditional risk factors assessed
by the PCEs. However, it is important to note that the absence of CAC
particularly in younger adults with an elevated lifetime risk does not
diminish the importance of healthy lifestyle behaviors [31]. Prediabetes
and MetS are highly prevalent among SA indiviiduals and increase
ASCVD risk. In a study conducted using the MESA cohort, the addition of
CAC improved risk classification of individuals with MetS, suggesting an
additional potential role of CAC screening [32].

Racial and ethnic differences: With regard to CAC progression, SA men
have greater CAC progression when compared to Chinese, Black and
Latino men after adjustment for age, diabetes mellitus, hypertension,
and statin use, but no difference was noted SA and White men [33]. SA
women appear to have a similarly elevated CAC burden when compared
to other racial and ethnic groups (African America, Latino, and Chinese
Americans), but older SA women, >70 years, were noted to have a
higher CAC burden compared to other racial and ethnic groups [34]. In
one study of Asian-Indians, the presence of CAC in individuals <50 years
was 46%, which was higher than other racial and ethnic groups [35].
CAC was found among 97% of Asian-Indian individuals >60 years
pointing to the high burden of CAC among this ethnic group [35]. These
findings correspond with the high prevalence of CAD in this group.

The presence of a family history of coronary heart disease (CHD) in
SA individuals compared to those of other race/ethnicities is associated
with CHD (OR 1.71 [95% CI 1.21, 2.42]; p = 0.002) and severe sub-
clinical atherosclerosis (CAC >300) [36,37] With respect to biomarkers
[Lp(a)l, tumor necrosis factor-alpha, adiponectin, and leptin], no asso-
ciation was found with CAC presence or severity in the MASALA Study,
suggesting markers of inflammation and cardiometabolic risk are inde-
pendent of CAC in SA individuals, similar to other race/ethnicities [38].
CAC may help identify those SA adults who would best qualify for
aggressive lifestyle optimization and anti-hypertensive pharmaco-
therapy [38,39]. For example, more than half of all SA adults qualified
for lifestyle modifications and 17% were recommended
anti-hypertensive pharmacotherapy by 2017 ACC/AHA Hypertension
Guideline compared to 8% by JNC7 (chi-square p<0.001) [38]. It is
important to note that many of the studies that assessed the use of CAC
among SA adults were highly enriched in Asian Indians. While CAC has
been shown to be a reliable marker among other racial and ethnic
groups, additional studies are needed among SA individuals beyond just
Asian Indians.

Taken together, when compared to available risk markers, CAC
scoring is a useful noninvasive modality for further risk refinement and
guide other preventive therapy in SA adults.

6. Coronary computed tomography angiography in South Asians

Coronary CT angiography has been used to identify high risk
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patients. While current data in SA adults using coronary CT angiography
is limited, quantitative analysis of the coronary arteries by CT showed
that SA adults had smaller normalized proximal LAD luminal diameters
when compared with Caucasians and also had more severe CAD
including a higher number of diseased vessel segments and greater mean
percent stenosis in the proximal LAD and RCA [40]. Notably, SA in-
dividuals with type II diabetes mellitus have a higher prevalence and
extent of asymptomatic coronary artery disease when compared to
matched Caucasian patients [41]. Furthermore, SA individuals may
have differential non-calcified plaque given the higher prevalence of
elevated Lp(a) and MetS. Future studies should evaluate this as potential
tool for diagnosis and treatment.

Another important use of coronary CT is to assess for differences in
plaque characteristics. Plaque characteristics beyond the traditional
CAC score may be helpful when assessing ASCVD risk. SA adults have a
higher number of vessels with calcified plaque compared to other race/
ethnicities [41,42]. Significant coronary artery disease (CAD) (>50%
stenosis) was more frequent in the left anterior descending coronary
artery among asymptomatic SA adults compared to NHW adults with
diabetes mellitus [41]. Compared to NHW, SA have significantly lower
CAC volume but higher CAC density when accounting for traditional risk
factors [42]. As noted by the authors, higher CAC density may reflect
stable plaque (less likely to rupture), which is influenced by statin use
(pro-calcific effects) [42,43]. Both CAC volume and density appear to be
correlated with ASCVD risk [44]. The long-term clinical and prognostic
significance of this is currently unknown and remains an area for future
investigation.

7. Beyond statins

Beyond categorizing individuals as statin candidates and those who
are not in a binary fashion, the detection and assessment of plaque using
CAC and coronary CT can assist with personalized allocation of pre-
ventive cardiometabolic therapies tailored to individual needs. CAC
testing and specifically CAC>100 Agatston may guide Aspirin utilization
in asymptomatic adults in primary prevention cohorts [45,46]. Addi-
tionally, more intensive lifestyle counseling and enhanced used of other
cardiometabolic therapies that reduce the risk of ASCVD events, i.e.
Glucagon-like peptide-1 receptor agonists (GLP-1 RA), Sodium-glucose
cotransporter-2 (SGLT2) inhibitors, and icosapent ethyl (IPE) may be
offered to those who may not otherwise qualify for these therapies.

8. Clinical implications

The evaluation and management of traditional risk ASCVD risk fac-
tors among SAs remains important. Targeted strategies are needed to
comprehensively reduce ASCVD risk among SA individuals residing in
Westernized countries including the United States as well as those living
in their native countries. These include strategies such as enhancing
access to basic preventive care with enhanced early detection and
treatment of conditions that are highly prevalent among SA individuals
(i.e. diabetes mellitus, dyslipidemia, and MetS), increasing health lit-
eracy and education, nutrition and physical activity counseling.

Outside of clinic settings, interventions focused on tackling poverty
and reducing air pollution are important ways to help reduce ASCVD
burden. Local and national cultural community organizations may also
be leveraged to assist with spreading awareness of heart disease and its
risk factors and to help facilitate access to care. It is equally important to
address unique challenges and barriers to care that have arisen in
diaspora countries that adversely impact access to care: socioeconomic
status, language barriers, Islamophobia, racism, low access to care, lack
of insurance, and stressors of migration.

Currently, there exist notable limitations to currently available
clinical risk stratification algorithms that may inadequately estimate
ASCVD risk in SA individuals. CAC testing is a cost-effective, actionable,
and reproducible tool that can accurately detect subclinical
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Table 2
Key Recommendations for Coronary Artery Calcium Scoring among South
Asians.

Key Recommendations for the use of Coronary Artery Calcium Scoring in South
Asian adults

B Individuals at borderline and intermediate ASCVD risk in whom the decision about
statin use is uncertain.

M Individuals who are at a higher risk than that estimated by traditional risk
stratification tools i.e. those classified as low risk, but with a family history of
premature ASCVD and/or two or more risk enhancing factors

M Individuals with medical comorbidities that are highly prevalent drivers of ASCVD
such as prediabetes and metabolic syndrome

W Consider earlier CAC screening (<45 years) in individuals with multiple traditional
risk factors, familial hypercholesterolemia, or a family history of (premature) CHD.

atherosclerosis and thereby guide preventive therapies. CAC scoring in
patients at intermediate risk of ASCVD in whom the decision about
statin use is uncertain has been listed as a high-value care test [47].
Beyond traditionally recommended indications, CAC screening may be
considered in individuals who are at a higher risk than that estimated by
traditional risk stratification tools including those classified as low risk,
but with a family history of premature ASCVD. These individuals as such
may not qualify for statin and other preventive therapies based on
stratification by the PCEs alone, but CAC scoring may further refine their
classification. Additionally, individuals with medical comorbidities that
are highly prevalent drivers of ASCVD such as prediabetes and MetS may
be considered as candidates for CAC scoring to help identify those in
whom a primary prevention statin and other preventive cardiometabolic
therapies may be considered.

While traditional CAC scoring recommendations begin at the age of
45 years, the ASCVD burden among SA individuals begins roughly 10
years earlier than in other racial and ethnic groups and argues for earlier
screening. As such, after risk assessment, implementation of CAC testing,
particularly in those with significant risk factors or a family history of
CHD may aid in the detection and management of subclinical athero-
sclerosis [48-51]. Table 2 summarizes the key recommendations for
CAC scoring in SA patients. There is a need for additional validation of
CAC percentiles specific to SA individuals and those <45 years. Fig. 1
summarizes risk stratification among SA individuals, which has also
been previously described (https://www.acc.org/latest-in-cardiology/a
rticles/2021/12/06/13/32/how-many-south-asians-does-it-take) [15,
52].

Future ACC/AHA guidelines and recommendations may consider
novel indications for CAC scoring among SA adults and other high-risk
groups as well as earlier screening ages to help allocate preventive
cardiometabolic therapies. Comprehensive screening with cardiovas-
cular imaging and blood biomarkers did not reduce the risk of death in a
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majority White population, leaving the role of population level cardio-
vascular screening in SA adults less clear, and unlikely to be recom-
mended at this time [53]. However, currently available clinical data
among SA individuals underscores the need for appropriate risk strati-
fication and management in individuals at an elevated ASCVD risk [21,
32].

Use of the Multi-Ethnic Study of Atherosclerosis (MESA) 10-year
CHD risk calculator with coronary artery calcification may be consid-
ered for SA men. While a SA specific calculator does not currently exist,
in the MESA calculator, SA men may be represented as “White” race
given that CAC scores are similar in SA men and NHW men.

Cost and insurance reimbursement considerations are also important
issues to consider for CAC scoring. Traditionally, CAC scoring has not
been well covered by insurance. While out of pocket costs may range
from $49-$400 per test nationally, this may be prohibitively expensive
for individuals of lower socioeconomic status or may not be readily
available to those with limited access to healthcare services. This may
further increase disparities by not making this screening tool affordable
or accessible to higher-risk, lower-income SA individuals.

Growing awareness of the unique challenges in SA cardiovascular
health has led to the creation of specialty clinics around the United
States uniquely focused on lowering the burden of heart disease among
SA individuals [54].

9. Conclusion

Comprehensive and actionable risk stratification tools have great
utility in tackling the burden of ASCVD among SA adults. Current data
suggest that the use of CAC scoring is a cost effective and reproducible
metric to detect subclinical atherosclerosis and further enhance ASCVD
risk stratification in select individuals. While we have begun to under-
stand the differences in the types and prevalence of risk factors, there is a
need for further studies among SA individuals to understand the nuances
and heterogeneity of risk even within this diverse group and standard-
ized clinical guidelines that incorporate cultural practices and tradi-
tional beliefs to optimize care. Greater efforts are needed in raising
awareness of heart disease and its risk factors using informative and
culturally focused messaging from healthcare providers as well as
through the community and cultural organizations as well as elimi-
nating barriers to care (language, socioeconomic status, literacy etc.).
Further studies are needed in disaggregated SA subgroups that have
been traditionally underrepresented in Westernized studies, specifically
Bangladeshi and Pakistani Americans.

T ———
Coronary Artery
Calcium (CAC) Scoring

Fig. 1. Proposed biometrics and risk stratification of South Asian Individuals.
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