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Abstract

Background and aims: We aimed to identify predictors of change in direct measures of
coronary artery calcium (CAC) volume and density in South Asian participants.

Methods: We used data from participants in the Mediators of Atherosclerosis in South Asians
Living in America (MASALA) study with prevalent CAC and direct measures of CAC by serial
computed tomography (CT) exams (2010-2013, 2016-2018). We examined the distribution of
incident CAC volume and peak density, as well as progression and identified risk factors for
progression of change in volume and density in multivariable models.

Results: The study cohort consisted of 102 participants with incident CAC and 285 with CAC
progression. CAC volume and density were highest, and incident CAC was most common in

the left anterior descending artery (LAD). The greatest progression in volume was in the right
coronary artery and the greatest change in density was in the left main. In linear regression models
for CAC progression adjusted for baseline density, volume, risk factors, smoking (g +190.1, p
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= 0.02), baseline volume (B +0.24 per mm?3, p< 0.01), and scan interval (B +0.15 per day, p=
0.01) were associated with change in total volume whereas Lp(a) (B +0.81 per mg/dL, p= 0.03),
exercise (B +0.19 per 10 MET-min/week, p = 0.01), and baseline volume (B +0.15 per mm3, p<
0.01) and density (p —0.55 per unit, p < 0.01) were associated with change in total density.

Conclusions: In this South Asian cohort, smoking was associated with CAC volume
progression, while Lp(a) and exercise were associated with progression of peak CAC density.

Keywords

Coronary artery disease; Coronary artery calcium; South asians; lipoprotein(a)

1. Introduction

Coronary artery calcium (CAC) scoring is a powerful method for risk stratification

for cardiovascular disease in asymptomatic individuals [1]. The standard method for
quantification of CAC is the Agatston score, which weighs plaque area upward by a peak
density factor. However, it has been shown that plaque density is inversely associated

with cardiovascular events, and thus utilizing plaque volume (similar to plaque area) with
adjustment for density improves predictive value [2]. Prior studies have derived a peak
density factor (1-4) from the Agatston score [2], however, density may be measured directly
as a continuous measure, which may improve predictive value [3]. However, there are
limited studies involving direct CAC measures, particularly regarding the progression of
these measures.

South Asians have higher risk of atherosclerotic cardiovascular disease and ischemic heart
disease mortality than other ethnic groups [4]. South Asian men have been shown to have
similar CAC burden and progression as White men, but greater than other ethnic groups,
while South Asian women were similar to other ethnicities [5,6]. South Asians over age

60 have a higher prevalence of CAC than other ethnic groups, including White participants
[7]. The association between South Asian ethnicity and CAC is particularly prominent in
those with a family history of coronary artery disease [8]. South Asian individuals also have
lower CAC volume than White individuals but higher density than White and non-White
individuals, and a higher number of coronary vessels with CAC compared to non-White
individuals [9]. In a prior study of cardiovascular risk factors, many factors were associated
with CAC volume and density in opposite directions in non-South Asian populations [10].
However, risk factors for CAC incidence and progression among South Asians are not well
studied, particularly as they relate to plague volume and density.

We aimed to evaluate the distribution of incident CAC and CAC progression using

direct volume and peak density measures, and to examine risk factors for incidence and
progression of CAC volume and density in a population of South Asian individuals free of
cardiovascular disease at baseline. For the findings presented in this study, density refers to
the highest or peak density, in a given plaque.
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2. Patients and methods

2.1. Study population

We used data from the Mediators of Atherosclerosis in South Asians Living in America
(MASALA) study, a community-based longitudinal cohort of South Asian individuals
recruited from the San Francisco Bay Area and the greater Chicago area. Exam 1 (baseline)
included 906 participants and was conducted between 2010 and 2013; all surviving
participants were invited for Exam 2 in 2015-2018 and 759 (83%) completed this exam.
Study methods and recruitment have been published previously [11]. Briefly, eligible
participants were ages 40-84 years, of South Asian ancestry, and able to speak, read and
write in English, Hindi, or Urdu. MASALA was designed similarly to the Multi-Ethnic
Study of Atherosclerosis (MESA) and excluded those with known cardiovascular disease or
who had undergone any cardiovascular procedures [11]. The institutional review boards of
the University of California, San Francisco (UCSF) and Northwestern University approved
the protocol, and all participants gave written informed consent. The study protocol
conforms to the Declaration of Helsinki.

2.2. MASALA cohort characterization

Trained bilingual research staff obtained demographic information, tobacco and alcohol use,
physical activity, and medication use at both exams. Seated blood pressure was measured
three times using an automated blood pressure monitor and the average of the last two
readings used for analysis. Hypertension (HTN) was defined as self-reported treatment for
HTN or a systolic blood pressure (SBP) 2140 mmHg or diastolic blood pressure (DBP) =90
mmHg. Participant weight was measured on a digital scale, height was measured using a
stadiometer, and waist circumference was measured using a flexible tape measure tape at the
site of maximum circumference. Fasting blood tests were obtained after a 12-h fast. Fasting
plasma glucose was measured by the hexokinase method; total cholesterol, triglycerides,
and high-density lipoprotein cholesterol (HDL-C) were measured by enzymatic methods
(Quest, San Jose, CA) and low-density lipoprotein cholesterol (LDL-C) was calculated

[12]. Diabetes was defined if a participant was using a glucose-lowering medication, or

had a fasting plasma glucose =126 mg/dl or post-challenge glucose of =200 mg/dL [13].
Lipoprotein(a) [Lp(a)] levels were measured by particle-enhanced immunonephelometry on
a BNII nephelometer. Physical activity was assessed using the Typical Week’s Physical
Activity Questionnaire [11].

2.3. Coronary artery calcium measurements

Cardiac-gated CT scans were performed at both clinical exams as previously described [11].
One site (UCSF) used a 16D scanner (Philips Medical Systems, Andover, MA) for the

200 participants seen between October 2010 and September 2011, and subsequently used

a multi-detector CT Aquilon 64D CT (Toshiba Medical Systems, Tustin, CA) for the rest

of Exam 1 and all of Exam 2. The second clinical site (Northwestern University) used a
Sensation Cardiac 64 Scanner (Siemens Medical Solutions, Malvern, PA) for all exams.
CAC measures have previously been shown to be reproducible across multiple CT scanners
in MESA [14]. Participants were scanned in a supine position, superior to inferior, and

46 images were obtained with slice thickness of 3.0 mm. All CT scans were read at the
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Lundquist Research Institute, Torrance, CA, according to published methods [11]. Calcified
plaque within coronary arteries was identified as attenuation >130 Hounsfield units (HU).
CAC volume and peak density were measured for each of the four major coronary arteries,
and a sum of the unadjusted scores was calculated.

The volume of each plaque in individual vessels was calculated. While prior studies have
determined a categorical density factor (1-4) derived from the Agatston score [2], peak
density was measured directly as a continuous measure. The density of CAC was determined
by measuring the peak Hounsfield units of each plaque and the average peak density per
vessel was calculated. Finally, total plaque volume and average peak density were calculated
by summing the measures for the individual vessels.

2.4, Statistical analysis

Participants without any CAC at both exams or poor image quality were excluded.
Participants who had cardiovascular events between exam 1 and exam 2 were not excluded
as the study was designed to assess changes in CAC, not clinical events. We examined
baseline CAC volume and density and change from exam 1 to 2, in total and by

individual coronary vessel. We also performed sex-stratified analyses, among those with
CAC progression (CAC>0 at both exams) and among those with incident CAC (CAC =
0atEm 1, CAC>0 at Em 2). We performed multivariable linear regression to determine
predictors of change in total CAC volume and total CAC peak density in the subsets with
CAC progression and incident CAC. For those with incident CAC, change in volume and
density was measured as the value for volume and density at exam 2 since the Agatston
score (and thus volume and density) was 0 at Em 1. Linear models were adjusted for age,
sex, baseline CAC volume and density, time between exams 1 and 2, hypertension, diabetes,
current smoking, total cholesterol HDL-cholesterol (HDL-C), exercise, exam 2 statin use,
Lp(a) level, and fasting insulin level for the analysis in the progression cohort. Other
predictors, including BMI, waist circumference, waist-hip ratio, education level, family
income, years in the United States and family history of myocardial infarction, were not
included due to lack of statistical significance in univariate models. For the incident CAC
volume and density analyses, linear regression models were adjusted for the same variables,
except for exam 1 CAC volume and peak density. In sensitivity analysis, we performed
linear regression using the models above in the subset of our study population, excluding
those with any statin at exam 1 or exam 2. While change in CAC volume was not normally
distributed, the sample size was sufficiently large to have normally distributed regression
coefficients due to the central limit theorem. All analyses were conducted in SAS, version
9.4 (SAS Institute). A two-tailed p-value <0.05 was considered statistically significant.

3. Results

3.1. Population

There were 906 total participants in MASALA, 759 of whom also completed exam 2. A
total of 701 participants had CAC measurements for both exam 1 and 2. We excluded
299 with CAC = 0 at both exams, 13 with CAC<5 at Em 2 (due to potential technical
variability), and 2 participants with motion degraded images, resulting in a study sample
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of 387 participants. Median time between exam 1 and 2 was 4.78 [IQR 4.40,5.22] years.
Characteristics of the cohort are shown in Table 1. India was the most common country

of birth (86.3%), followed by other (7.0%), and Pakistan (3.4%). Participants at exam

2 had greater waist circumference, waist to hip ratio, SBP, DBP, HTN prevalence and
fasting glucose. CAC Agatston scores were higher at exam 2 compared with exam 1. There
were 102 participants with incident CAC. Participants with incident CAC had higher level
of exercise, greater waist-hip ratio and greater fasting glucose at exam 2 (Supplemental
Table 1). The remaining 285 participants with CAC at exam 1 were evaluated in the CAC
progression analysis. Participants with CAC progression had similar baseline characteristics
to the overall cohort. Notable exceptions included SBP and DBP, not significantly different
between exams 1 and 2, while diabetes and statin use were significantly more prevalent at
exam 2 than exam 1 (Supplemental Table 1).

3.2. Distribution of CAC volume and peak density

3.3.

CAC volume and density were assessed in total across all 4 coronary arteries and by
individual coronary vessel, in the whole cohort and by sex (Supplemental Table 2). Overall,
the highest CAC volume and density were present in the left anterior descending artery
(LAD). The greatest increase in volume was in the right coronary artery (RCA), and the
greatest increase in density was in the left main artery (LM). CAC volume and density were
generally higher in men than women, except in the LM, which was similar for both genders.
Increase in CAC volume was greater in men (except for the LM, which was similar).
Increase in CAC density was similar in the total assessment, LAD and RCA, and greater in
men in the LM and in women in the left circumflex artery (LCx, Supplemental Table 2).

A similar analysis was performed only on those with baseline CAC for CAC progression (n
= 285, Supplemental Table 3). CAC volume was generally higher for men than women but
similar in LM and RCA. CAC volume progression was also higher in men than women and
similar for LM. In contrast to the overall cohort, CAC density was higher in women than
men overall and in RCA, and similar in the other arteries. Density change was higher in men
than women (similar in LAD and LCx). The highest volume and density were present in
LAD. Highest volume change was in RCA (Fig. 1), and highest density change was in LM

(Fig. 2).

Those with incident CAC were evaluated separately (Supplemental Table 4). In the total
assessment and the individual coronary arteries (except for LM which had a low number of
women), CAC volume was higher in men than women. CAC density, however, was higher
in women overall (and in the LM and LCx), similar for women and men in LAD, and
higher for men in RCA. Overall, incident CAC was most common in LAD for both men and
women. The highest level of incident CAC volume was in LAD and RCA (Fig. 1), while the
highest level of incident CAC density was in LM (Fig. 2).

Factors associated with CAC progression

Among those with baseline CAC (n = 285), smoking (f 190.09, 95% CI 34.91, 345.28, p
= 0.02), time between exams (p 0.15 per day, 95% CI 0.04, 0.26, p = 0.01), and baseline
CAC volume (B 0.24 per mm3, 95% C1 0.15, 0.34, p< 0.001, Table 2) were the only
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factors significantly associated with progression of CAC volume at exam 2. Baseline Lp(a)
level (B 0.81 per mg/dL, 95% CI 0.08, 1.54, p = 0.03), exercise level (§ 0.19 per 10
MET-min/week, 95% CI 0.05, 0.31, p=0.01), time between exams ( 0.06 per day, 95%
C10.01, 0.12, p=0.02), and baseline CAC volume (B 0.15 per mm?3, 95% CI 0.10, 0.20,

p < 0.001) were positively associated with progression of CAC density at exam 2, while
baseline CAC density (B —0.55 per unit of density, 95% CI -0.68, —0.43, p < 0.001) was
inversely associated (Table 2). After excluding statin users in sensitivity analysis (n = 149),
age (P 8.86 per year, 95% Cl —3.74, 2.44, p=0.003) and female sex (p —118.96, 95%

Cl -229.03, -8.89, p = 0.03) were significantly associated with change in CAC volume.
Smoking (B 181.13, 95% CI —34.13, 396.40, p=0.10) and Lp(a) (B 1.71 per mg/dL, 95%
Cl -0.27, 3.69, p=0.09) were associated with borderline statistical significance. For density
progression, Lp(a) was no longer associated, while exercise ( 0.16 per 10 MET-min/week,
95% CI -0.02, 0.35, p=0.09) and diabetes (f —53.27, 95% CI -114.52, 7.98, p=0.09)
were associated with borderline statistical significance (Supplemental Table 5).

There were 6 participants who had a decrease in Agatston score from exam 1 to 2 (range -2
to —38). In a sensitivity analysis, we excluded these participants in the progression analysis
and the results were not materially different from the primary analysis. Additionally, the
Agatson score decrease was within the range of previously published interscan variability
[14].

Among those with incident CAC (n = 102), total cholesterol (B 1.36 per mg/dL, p=

0.01) and statin use (p 86.99, p = 0.03) were the only factors significantly associated with
CAC volume, while none of the variables assessed were significantly associated with CAC
density (Table 3). After excluding statin users (n = 67), current smoking was associated
with incident CAC volume (B 25.66, p = 0.003) and HDL was associated with borderline
statistical significance (B —0.44 per mg/dL, p = 0.05). None of the variables assessed were
associated with incident CAC density (Supplemental Table 6).

4. Discussion

This analysis from the MASALA study describes the characteristics of CAC incidence and
progression among asymptomatic South Asian individuals using direct measures of CAC
volume and peak density. The highest CAC volume and density were present in LAD,
while the greatest changes in volume and density were in RCA and LM, respectively.
Incident CAC was also most common in the LAD. In general, CAC volume and density
were higher in men than in women; however, when evaluating those with incident CAC and
CAC progression separately, CAC density was higher in women. CAC volume progression
was generally greater in men and density progression was similar by gender. Smoking was
associated with CAC volume progression, while both Lp(a) and exercise were positively
associated with CAC density progression. Total cholesterol and statin use were associated
with incident CAC volume, while no factors tested were associated with incident CAC
density. After exclusion of statin users, age and female sex were associated with CAC
volume progression with a trend towards significance for Lp(a) and smoking; smoking was
also significantly associated with CAC volume incidence.

Atherosclerosis. Author manuscript; available in PMC 2023 July 01.
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Prior studies involving participants from the MASALA and MESA studies have shown

that South Asian men have similar burden and progression of CAC as White men, but
greater than other ethnic groups, while South Asian women were similar to other ethnicities
[5,6]. In a symptomatic population, South Asians have been shown to have more extensive
obstructive coronary disease, and higher CAC scores compared with White individuals [15].
South Asian men have been shown previously to have more proximal LAD stenosis than
European men, with similar degrees of calcification, possibly due to narrower arteries [16].
Our study extends these results by demonstrating that the LAD is the most common location
for incident CAC in South Asians and also has the greatest CAC volume and density.

Given the significant myocardial territory supplied by the LAD, this may help explain

why South Asians are at higher cardiovascular risk compared to other ethnic groups. In a
prior study of MESA participants, the association between risk factors and prevalent CAC
volume and density was identified and most risk factors were associated with volume and
density in opposite directions [10]. Another prior cross-sectional study involving MASALA
participants evaluated baseline risk factors associated with CAC volume and calculated
density. It demonstrated that HDL-C was positively associated with CAC density, and

waist circumference was inversely associated. BMI, hypertension, statin use, diabetes and
insulin resistance were positively associated with CAC volume [17]. Our study expands
upon this literature with unique results evaluating the association between risk factors

for CAC progression in this population and the use of direct measures of both volume

and density, which may have superior predictive value to the use of a calculated density
factor [3]. Further studies are needed to evaluate whether modification of the identified risk
factors affects CAC volume and density incidence/progression and the associated impact on
prognosis.

Physical activity has previously been associated with higher Agatston scores. In a study

of high-level endurance athletes, male athletes had higher prevalence of atherosclerosis

and higher Agatston scores [18]. In another study, higher level of physical activity was
associated with greater Agatston scores and faster progression of Agatston scores [19].
Though the underlying mechanisms for the association between physical activity and CAC
are not fully understood, it is possible that this is due to increased plaque density, as density
is known to be inversely related to adverse cardiovascular events [2]. Indeed, higher walking
pace has previously been positively associated with CAC density [10]. In the present study,
we demonstrated that exercise is positively associated with progression of CAC density, but
not with CAC volume. While this study was in a South Asian cohort, these results may
explain the underlying mechanism for physical activity and increased CAC as the Agatston
score is weighted upward for density. It remains unclear how this relationship between
exercise and plaque density relates to overall cardiovascular risk.

Lp(a) has previously been associated with higher Agatston scores in different populations
[20-25], as well as increased progression of Agatston score [26,27] and plaque volume, but
not density [28]. In a prior study of South Asian participants from the MASALA study,
Lp(a) was not associated with the presence or degree of CAC using the Agatston score [29].
Here, we show that Lp(a) level is associated with change in CAC density, but not CAC
volume among those who had progression of CAC. This is a novel observation as prior
studies have shown an association with Lp(a) and plague volume in different populations,
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and increased density is associated with lower cardiovascular risk in general [2]. In a

prior study where CAC volume and density were assessed, South Asians had lower CAC
volume but higher density than White individuals; CAC volume was similar to non-White
individuals, but overall CAC density and RCA density were higher among South Asians

[9]. Further studies are needed to assess whether CAC density is independently associated
with a lower risk of incident CVD, as observed in other populations, given that Lp(a), which
was paradoxically associated with increased density in this study, has been associated with
increased CVD risk in other populations.

Statin use was associated with increased incident CAC volume. Statin use has previously
been associated with greater progression of high-density plaque with decrease in volume
of low-attenuation plaque [30]. Thus, this finding may be due to the progression of high-
density plaque, as statin use was also associated with a trend towards increased density of
plaque. These results may also be due to confounding by indication as those participants
with prevalent CAC may have started on statins and may also be at increased risk for the
progression of CAC volume due to increased CVD risk. Statin users were excluded as a
sensitivity analysis, and there was a trend towards an association between Lp(a) and CAC
volume progression, while Lp(a) was no longer associated with CAC density progression.
Smoking was also associated with CAC volume incidence in addition to the previously
observed association with CAC volume progression. These results must be interpreted with
caution, given the significantly smaller sample size, but the association between Lp(a) and
CAC density observed previously may be due to confounding by statin use.

This study has some limitations. The MASALA study is a relatively small cohort with
participants from two geographical areas in the U.S. It is possible that with a greater sample
size, or greater South Asian ancestral diversity, further relationships between risk factors
and CAC incidence and progression may be elucidated. However, this is one of the largest
studies with repeated CAC measures in South Asians to our knowledge. Additionally, the
South Asian category in MASALA combines multiple different ethnic groups including
Indians, Pakistanis and Bangladeshis, which may have different genetic predispositions
and varying levels of risk due to social, cultural, and behavioral factors, while the vast
majority of participants in this study were born in India. Exercise data was collected using
a questionnaire, which may be subject to recall bias. Different CT scanners were used at
the two sites and at different time points. However, CAC measures have been shown to be
reproducible across multiple CT scanners in MESA [14]. Finally, as with any observational
study, our findings are subject to residual confounding.

4.1. Conclusions

Overall, South Asians have the greatest coronary artery calcium burden in the LAD, and
women had lower risk plaque characteristics than men. Smoking was associated with
progression of CAC volume, while Lp(a) and exercise were associated with progression

of CAC density. Among non-statin users, age and female sex were associated with CAC
volume progression with a trend for Lp(a) and smoking, and smoking was also significantly
associated with CAC volume incidence. Further studies are needed to evaluate how CAC
volume and density predict incident CVD risk in the South Asian population.
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Fig. 1.

Median change in CAC volume by coronary artery.

LM = Left main artery, LAD = Left anterior descending artery, LCx = Left circumflex
artery, RCA = Right coronary artery.
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Fig. 2.

Median change in CAC density by coronary artery.

LM = Left main artery, LAD = Left anterior descending artery, LCx = Left circumflex
artery, RCA = Right coronary artery.
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