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ABSTRACT

In this thesis, we will evaluate the association between alcohol consumption and
subclinical atherosclerosis using surrogate markers including coronary artery calcium and
carotid intima-media thickness in a unique cohort of South Asian population. South
Asians have a higher cardiovascular disease (CVD) risk and higher proportionate
mortality from cardiovascular disease compared with most other race/ethnic groups in the
United States. Most epidemiological studies have shown an inverse association between
alcohol and CVD. Although the cardioprotective association of light or moderate

drinking are noted to be highly variable among the different races and ethnicities.

We hypothesized that light to moderate alcohol consumption compared with
lifetime abstinence is associated with the decreased prevalence of CAC while moderate to
high alcohol consumption is associated with higher CIMT among asymptomatic South
Asians aged 40-84 years in the U.S. The first chapter of this thesis will be a literature
review and will discuss the underlying mechanism of beneficial and harmful effect on
alcohol consumption on CVD. The second chapter will be a manuscript of the association
of alcohol consumption and subclinical atherosclerosis in South Asians. The third chapter
is comprised of the ancillary studies and discussion of the association of alcohol
consumption and ideal cardiovascular health assessed by the American Heart Association's

Life's Simple 7 (LS7) health metrics among the South Asian population.



CHAPTER ONE: BACKGROUND

Introduction

Cardiovascular disease (CVD) accounts for more deaths than any other disease in
the United States. About 610,000 people die of heart disease in the United States every
year, accounting for 1 in every 3 deaths.! According to the American Heart Association
(AHA), by 2030 43.9% of the US population is projected to have some form of CVD.
AHA also estimated that between 2012 and 2030, total direct medical costs of CVD are
projected to increase from $396 billion to $918 billion.! Due to population-level changes
in risk factors and, more recently, improvements in health care, the mortality rate from
CVD including heart disease, stroke, peripheral vascular disease, hypertension, and heart
failure have decreased globally since 1990 mainly in developed countries.? Age-adjusted
all CvD mortality rates declined from 2000 to 2014 for all CVD although a deflection
point was observed in these trends in 2011, with a substantial slowing in decline from

2011 to 2014.3

Cardiovascular Disease (CVD) and Alcohol Consumption

Much of the evidence regarding alcohol consumption and its beneficial effects on
the cardiovascular system derives from observational data. Epidemiological studies have

been integral to this discussion, with multiple cohorts with cross-cultural and



geographical comparisons reaching similar conclusions.* As alcohol intake can lead to
various adverse conditions that affect day-to-day life, international institutions and
government have defined a unit called a “standard drink.”>® According to the 2015-2020
Dietary Guidelines for Americans, one standard drink is described as any beverage
containing 14 g (0.6 fl 0z) of pure alcohol. The following are reference beverages that are
one alcoholic drink-equivalent: 12 fluid ounces of regular beer (5% alcohol), 5 fluid
ounces of wine (12% alcohol), or 1.5 fluid ounces of 80 proof distilled spirits (40%
alcohol).” Moderate alcohol consumption is defined as up to 1 drink per day for women
and up to 2 drinks per day for men while binge drinking is a pattern of drinking that
brings blood alcohol concentration (BAC) levels to 0.08 g/dL. This typically occurs after

4 drinks for women and 5 drinks for men—in about 2 hours.®

The relationship between alcohol consumption and CVD has always been
intricate. Alcohol has both protective and detrimental effects on CVD.8 Most studies to
date have shown a J-shaped association of alcohol consumption where light to moderate
drinkers have lower CVD risk than non-drinkers and heavy drinkers. A systemic review
and meta-analysis in 2011 that included 84 studies showed that compared to non-
drinkers, alcohol drinkers had 0.75 times risk for cardiovascular disease mortality and
0.71 times risk for incident coronary heart disease.® A recent 2017 meta-analysis of 45
cohort studies indicated significantly lower CVD risks for low- and medium-volume

drinkers compared with abstainers.°

Although the evidence of a lower risk of CVD among light to moderate drinkers
is substantial and consistent, controversy remains about the underlying mechanism by

which alcohol consumption affects CVD. The dominant cause of many CVD is



atherosclerosis. Atherosclerosis, a systemic disease process in which fatty deposits,
inflammation, cells, and scar tissue build up within the walls of arteries, is the underlying
cause of the majority of clinical cardiovascular events.! There are biological and
nonbiological factors associated with developing CVD including high cholesterol,
tobacco smoking, obesity, genetic factors, diabetes, hypertension, physical inactivity, and
psychosocial stressors.* To understand the relationship between alcohol consumption and

CVD, we can examine its association with subclinical atherosclerosis.

Alcohol Consumption and Subclinical Atherosclerosis

Subclinical Atherosclerosis is a disease state where clinical manifestations of
atherosclerosis are not present, and it is considered an independent risk factor for CVD.
By examining the association between alcohol consumption and subclinical
atherosclerosis measured by surrogate markers including coronary artery calcium score
(CAC) and carotid intima-media thickness (cIMT), we can understand the relationship

between alcohol consumption and CVD.

CAC score is obtained by electron-beam or multidetector computed tomography,
which measure the calcium content in the coronary arteries. Scoring systems and
thresholds for an elevated CAC score vary across studies, but the baseline comparison is
often a CAC score of 0.1 CAC scoring was not initially accepted as a screening tool for
asymptomatic patients within the cardiovascular community. However, the 2010
American College of Cardiology/American Heart Association (ACC/AHA) guidelines on

screening for coronary artery disease indicated that measurement of CAC is reasonable
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(level of evidence B) for cardiovascular risk assessment in asymptomatic adults at
Framingham intermediate risk (10 to 20 percent 10-year risk).'? cIMT is a noninvasive
measurement of the artery wall thickness, inclusive of atherosclerotic plaque, obtained
using ultrasound imaging. cIMT assessed by ultrasonography of carotid arteries is a safe,
non-expensive, feasible and accurate method for detecting subclinical atherosclerosis.
cIMT values at or above the 75th percentile of a reference population indicate increased

cardiovascular risk.®

Alcohol Consumption and Coronary Artery Calcium(CAC)

The studies examining the relationship between alcohol consumption and CAC
have shown inconsistent results. Tofferi et al** used a cohort of 731 consecutive,
consenting, active-duty US Army personnel (39 to 45 years of age) without known CVD.
The result of this cross-sectional study found no relationship between the CAC score and
the alcohol intake. It was one of the first studies focusing on the relation between alcohol
consumption and CAC in a group at low risk for cardiovascular disease and with early
atherosclerosis. The main limitations of this study were the relatively low prevalence of
CAC and alcohol consumption and the inability to separate former drinkers from
abstainers. Using CAC and atherosclerotic plaque in the aorta as surrogate markers of
subclinical atherosclerosis, Ellison et al*® investigated this relationship using data from a
prospective cohort study including 3166 white and African American subjects with mean
age around 55 years. The study result showed no evidence for a significant association

between total alcohol intake and CAC, although there was a tendency for the increased



prevalence of CAC in the highest category of alcohol intake. Analyses of aortic
calcification showed similar nonsignificant associations. There were several limitations to
the study. The first weaknesses of the study included the fact that alcohol consumption
was self-reported; further, there were very few heavy drinkers, and they did not have data
on whether current nondrinkers were lifetime abstainers or ex-drinkers. The first large
study to evaluate the association of alcohol with CAC in 4 racial-ethnic groups and to
evaluate the progression of calcification, was done by McClelland et al.'® The researchers
studied the association between alcohol consumption and CAC prevalence, incidence and
progression in The Multi-Ethnic Study of Atherosclerosis (MESA) which is a prospective
community-based cohort study including 6814 participants aged 45-84 y who identified
themselves as white, African American, Hispanic, or Chinese. The subjects were
categorized as never drinkers, former drinkers, and current drinkers. Both current and
former drinkers were asked about a number of years of drinking and the usual number of
drinks consumed per week. The result showed that overall alcohol consumption was not
associated with the prevalence of any CAC > 0 at baseline regardless of alcohol type.
There was a trend for binge drinking to be associated with a slightly increased rate of
prevalent CAC. Although light-to-moderate alcohol consumption was associated with
lower coronary heart disease risk. The strengths of this study include its large sample
size, prospective design, the inclusion of 4 racial-ethnic groups, and community-based

nature.

In contrast to these studies, Vliegenthart et al*’ found a U-shaped association
between alcohol consumption and CAC performing a cross-sectional analysis using data

from the population-based Rotterdam Coronary Calcification Study. Data on alcohol



consumption were available for 1795 individuals without coronary heart disease.
Compared with nondrinkers, the odds ratio of extensive coronary calcification was 0.60
for those who consumed 1 drink or less daily; 0.51 for those who consumed 1 to 2 drinks
daily; and 0.90 (95% Cl, 0.62-1.29) for those who consumed more than 2 drinks. The
major limitation was that the data were not available on whether current nondrinkers
were lifetime abstainers or former drinkers. By using prospective study design, Yang et
al'® tried to determine if alcohol intake was associated with reduced coronary risk in a
high-risk asymptomatic population and whether this effect was independent of coronary
risk factors and coronary calcium. In 1,196 asymptomatic subjects with coronary risk
factors, investigator assessed alcohol consumption history, performed risk factor
measurements, and quantified coronary calcium with electron beam computed
tomography. These subjects were then followed for a mean of 41 months, and coronary
events (myocardial infarction or coronary death) were noted. The study result showed
that subjects with moderate alcohol consumption had a relative risk of 0.3 for developing
coronary events. EBCT calcium scores in moderate drinkers were no different from
calcium scores in abstainers. Subjects with coronary calcium were 3.1 times more likely
to suffer a coronary event than those without calcium. The definition of moderate alcohol
consumption was different at that time. Also, the study lacked detail data on alcohol
consumption. Interestingly, Pletcher et al'® found a dose-response relation between
alcohol and CAC. The investigators used data from a longitudinal study of risk factors for
coronary artery disease in a cohort of Black and White women and men (n = 5,115) aged
18-30 years who were healthy at the time of enroliment in 1985-1986. The study showed

that the prevalence of coronary calcification was 8% for participants who consumed 0



drinks/week, 9% for 1-6 drinks/week, 13% for 7—13 drinks/week, and 19% for >14
drinks/week (p <0.001 for trend). Odds ratios for having a CAC score in a higher
category were 1.2 (95 percent CI:0.9, 1.7) for 1-6 drinks/week, 1.6 (95 percent CI: 1.1,
2.5) for 7-13 drinks/week, and 2.1 (95 percent CI: 1.4, 3.4) for >14 drinks/week (in
comparison with 0 drinks/week) (p <0.001 for trend). Stratification showed that this
dose-response relation was most clearly in Black men. Study limitations included
uncertainty about the degree to which findings in this young-to-middle-aged population
would apply to older men and women and the suboptimal sample size for subgroup and
interaction analysis. Also, this study lacked detailed data on drinking frequency, a
potentially crucial factor in characterizing alcohol intake which could have led to
potential differential misclassification bias. More recently Yun et al?® conducted a cross-
sectional study to examine whether alcohol flushing could be used as an instrumental
variable (IV) and to investigate the effect of alcohol consumption on coronary
calcification using alcohol flushing status as an 1V. The study included a relatively young
population of 24681 Koreans, with a mean age of around 40 years. The result showed
that higher levels of alcohol consumption were associated with an increased risk of
coronary calcification, especially among men. Doubled alcohol consumption was
associated with a 10.9% increase in the likelihood of an elevated CAC score among men
in the IV analysis adjusted for confounding variables, compared with a 3.9% increase in
the multivariable analysis. Although, the alcohol flushing questions used in this study has

not been validated by a genetic study.



In summary, the results of the studies to date examining the association between
alcohol consumption and CAC have revealed no association, a U-shaped association, and

a dose-response relationship.

Alcohol and Carotid Intima-Media Thickness (cIMT)

As stated previously, cIMT is another non-invasive measure that can be used as a
surrogate marker of subclinical atherosclerosis. To address the relationship between
alcohol consumption and carotid atherosclerosis in older adults, Mukamal et al?* used
data from the Cardiovascular Health Study (CHS) including 5888 adults aged 65 years
and older. The result of this cross-sectional study found that relative to older adults who
abstain from alcohol, consumption of 1 to 6 drinks per week had an inverse association
with carotid atherosclerosis whereas consumption of 14 or more drinks had a positive
association. The CHS participants represent a relatively healthy group of older adults, so
the results are only generalized to older adults in similar health. Also, the investigators
did not have detailed information on drinking patterns in this study. Kim et al?? tried to
find relationships between alcohol consumption and subclinical atherosclerosis in 5539
Korean subjects (2121 men and 3418 women) who were participants in the Multi-Rural
Communities cohort (MRcohort) study. In contrast to previous studies, investigators used
carotid artery intima-media wall thickness (CCA-IMT) and brachial-ankle pulse wave
velocity (baPWV) as a measure of subclinical atherosclerosis. Carotid IMT quantitatively
measures arterial morphology as affected by intimal lesions and medial hypertrophy;

PWV reflects arterial stiffening as a result of structural and functional changes of the



vascular tree. Thus, the combination of these measures has been proposed to predict the
clinically relevant burden of atherosclerosis. The result showed that the baPWV was
positively correlated with alcohol consumption in men. On the other hand, CCA-IMT
decreased with alcohol consumption in men. There was no clear relation between alcohol
consumption and baPWV/CCA-IMT in women. The limitations of this study included
limited generalizability of the finding given study subjects were only Korean who were
strictly confined to rural areas. And again, as alcohol consumption was calculated based
on self-reported data and hence there could be misclassification bias. Zyriax at al®®
conducted a cross-sectional study with the aim of investigating the relationship between
alcohol intake and c-IMT in a selectively healthy population of the Stress Atherosclerosis
and ECG Study (STRATEGY study). In this cross-sectional study, laboratory values,
anthropometric data, nutrition habits, and physical activity were assessed in 106 men and
107 women, evenly distributed between 30 and 70 years. Carotid IMT was determined by
B-mode ultrasonography according to the standardized protocol of the Study of Health in
Pomerania. The results revealed a significant positive correlation between daily alcohol
consumption and IMT in men, whereas in women the positive correlation was not
significant. The type of beverage consumed did not affect this finding. Because of the
sample size, the study may have been underpowered to detect an association between

mean daily alcohol intake and IMT in women.

In summary, the studies to date examining the association between alcohol
consumption and cIMT have found a positive correlation between alcohol consumption

and cIMT, and this relationship seems to be different for men and women.
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Mechanisms for Beneficial and Harmful Action of Alcohol

As we can see, the results of studies on the association between alcohol use and
subclinical CVD are conflicting, and the explanation for these conflicting results is
unclear. Figure-1 depicts the potential mechanism of action by which moderate alcohol
consumption lowers the risk of CVD. Moderate alcohol acts upon the liver and can,
therefore, serve to directly increase the hepatic production and secretion of
apolipoproteins and lipoprotein particles, increase triglyceride concentrations, and
decrease the removal of circulating high-density lipoprotein cholesterol.?* Systemic
inflammation is a known aggravating factor in the pathogenesis of CVD and studies have
shown that moderate alcohol intake is associated with lower levels of inflammatory
markers such as IL-6, TNF-o, and CRP.?>? This anti-inflammatory effect associated
with moderate alcohol consumption may mediate the observed reduction of
atherosclerotic burden. It has also been noted that moderate alcohol use reduces
fibrinogen levels, clotting factors, and platelet aggregation, which affects the CVD
hallmark hypercoagulability. However, the precise mechanisms governing these
reductions are not known.?* Alcohol also reduces hyperglycemia through the inhibition of
hepatic gluconeogenesis, with a resulting reduction in plasma glucose levels. Reduced
plasma glucose levels serve to decrease the incidence of hyperglycemia and

hyperinsulinemia, which are both CVD hallmarks.?
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Figure-1. Moderate alcohol consumption and CVD (HDL, High-density lipoprotein;

LDL, Low-density lipoprotein; CRP, C-Reactive protein; IL, Interleukin; NO, Nitric

oxide)

In contrast to moderate consumption, heavy alcohol consumption which is usually

defined as >2 drinks daily for men and >1 per day for women, increases the risk of CVD

as shown in Figure-2. Heavy alcohol intake has been shown to increases blood pressure

in a dose-dependent fashion. 2° A positive association between alcohol intake and serum

triglycerides have been found and raised levels of triglycerides have shown to increase

the risk of CVD.8 Alcohol is the second most energy-dense macronutrient consumed and

also has an appetite enhancing the effect, which could lead to an increased energy-intake,

thereby causing weight gain.®
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South Asians and Subclinical Atherosclerosis

Individuals who identify as South Asians are from a diverse set of communities
and cultures with family origins from 7 countries that are most commonly listed as part of
South Asia: Bangladesh, Bhutan, India, the Maldives, Nepal, Pakistan, and Sri Lanka.
South Asians have a tradition of being dispersed around the world as a result of a number
of factors, including colonialism, political instability, persecution, and economic
opportunity.®® By 2010, according to the US Census, there were >3.4 million South
Asians living in the United States.®* Most South Asians in the United States are of Asian
Indian origin (=80%), with rapidly growing Bhutanese and Nepali populations.3* An

estimated 226 000, or 6%, of South Asians in the United States are >65 years of age.*

13



Geographically, the top states that had the largest numbers of South Asians were
California, New York, New Jersey, Texas, and Illinois, with most of the South Asians
residing in urban metropolitan areas in these states.®? South Asians constitute a relatively
young population compared with other minority groups in the United States (in 2012, the
mean age of South Asians was 36 years compared to a mean age of 40.2 years in NHWSs)
and continue to show a slightly greater proportion of females than males (53% versus
47% in 2008-2012).%

The medical literature has demonstrated a higher CVD risk in South Asians
residing in the United States and Canada compared with other race/ethnicities.3+-%
Although people living in South Asian countries share genetic and cultural risk factors
with South Asians living abroad, South Asians residing in the United States can differ in
socioeconomic status, education, health care behaviors, attitudes, and health insurance,
which can affect their risk and the treatment and outcomes of CVD. Among other cohorts
of 4 ethnicities (Non-Hispanic Whites, Asians, Hispanics, and blacks), Asian Indians
were investigated for CAC burden compared with the other racial/ethnic groups.®” Asian
Indians, who represented ~10% of the cohort, had an increased mean calcium score, and
the Asian Indian race was a significant independent predictor of CAC severity, even
when controlling for traditional CVD risk factors. Among those >60 years of age, the
prevalence of high CAC burden (scores >100) in Asian Indians is greater than in all other
ethnic groups. More recently, a study from a community-based cohort of South Asians in
the United States comparing the prevalence and distribution of CAC to four racial/ethnic

groups showed that South Asian men have similarly high CAC burden as White men, but
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higher CAC than other racial/ethnic groups. The high burden of CAC in South Asians

may partly explain higher rates of cardiovascular disease in South Asians.

Alcohol Consumption and South Asians

It is difficult to stereotype degree and pattern of alcohol use among a group as
broad as South Asians given the diversity of language, cultural and religious practices.
Moreover, differences between generations and increased alcohol consumption from
acculturation further complicate the picture.®® For younger South Asians, being raised in
a strict environment can often lead to increased drinking once young adults enter college
or become independent from their parents. Also, many South Asians do not feel
comfortable speaking openly about topics like stress and mental health disorders with
their family members and peers. Unfortunately, this may lead some South Asians to turn
to alcohol as a source of comfort. As described previously, alcohol affects many
components of metabolic syndrome which may, in turn, lead to increased CVD.
Although, it is not known if this relationship is different in South Asians compared to

other ethnicities.

In summary, studies examining the association between alcohol consumption and
subclinical atherosclerosis have yielded conflicting results. Moreover, no previous study
has examined the association between alcohol consumption and subclinical
atherosclerosis in the South Asian population. The studies examining the association of
alcohol consumption and subclinical atherosclerosis in South Asians living in the United

States, are critical for understanding the potential mechanism involved in the relationship
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between alcohol consumption and CVD in this understudied population. From a
population perspective, it is imperative that the health needs of this racial/ethnic minority
group are critically examined to ensure culturally appropriate medical and health
services, to address a variety of serious health conditions they face, to create informed
policy decisions, and to improve current and future clinical research in this racial/ethnic

minority group.

We, therefore, propose to conduct a secondary data analysis examining the effect
of alcohol consumption on subclinical atherosclerosis in South Asians Living in America
(MASALA) population. The MASALA study is a community based longitudinal cohort
study designed to understand the risk factors and etiology of CVD among South Asians
living in the United States aged 40-79 years who were free of CVD at baseline.®
Baseline clinic visits were conducted from 2010 to 2013. The proposed study can
contribute to the literature in several meaningful ways. We have an understudied cohort
of the South Asian population. We have detailed data on aspects of consumption (such as
binge drinking, beverage preference, and former drinking) that were not available (at
least simultaneously) in previous studies. We also have baseline data including CAC
score and cIMT which can be utilized as simultaneous surrogate markers of CVD, which

has not been studied before.
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Specific Aims

South Asians have the highest death rate from heart disease compared to other
ethnic group.“®4? South Asians (people from Bangladesh, Bhutan, India, the Maldives,
Nepal, Pakistan, and Sri Lanka) make up one-quarter of the world’s population®® and are
one of the fastest-growing ethnic groups in the United States.3* South Asians are more
likely to develop coronary heart disease (CHD) at a younger age, often before the age of
40 years in men.® In an analysis of >10 million national death records of the United
States, South Asian men and women had higher mortality from ischemic heart disease
compared to other diseases.** The proportionate mortality burden from ischemic disease,
as reflected by the proportional mortality rates, was highest in Asian Indian men (1.43)
and women (1.12), compared with non-Hispanic white (NHW) men (1.08) and women
(0.92).% This high proportional mortality is not explained by widely known risk factors
such as high blood pressure, diabetes or smoking.® Ethnicity is known to account in part
for inter-individual variability in the prevalence and incidence of cardiovascular disease

(CVD).4

The effects of drinking alcohol within recommended limits on risks of CVD is
perhaps one of the most important questions yet to be answered in the fields of alcohol,
nutrition, or prevention. Alcohol has both protective and detrimental effects on
cardiovascular disease.® Epidemiological studies have consistently found that alcohol
intake within recommended limits is associated with lower risk of CVD.12446 One
potential mechanism is the effect of alcohol consumption on atherogenesis.*’ The

relationship between alcohol, and subclinical atherosclerosis could provide clues about
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the mechanisms underlying the relationship between alcohol and CVD.* To understand
this relationship, we can examine its association with subclinical atherosclerosis
measured by surrogate markers including coronary artery calcium (CAC) and carotid
intima-media thickness(cIMT). A focused area of interest is to understand better the
impact of alcohol on non-communicable chronic diseases, and the factors that may
interact with alcohol to modify risk in an understudied population and our study will

address this area of interest. Our Specific aims are:

Aim 1: To examine the association between alcohol consumption and the presence and
degree of prevalent CAC (CAC>0) among asymptomatic South Asians age 40-84 living
in the U.S
Aim 2: To examine the association between alcohol consumption and cIMT score among
asymptomatic South Asians age 40-84 living in the U.S.

These aims will allow for the testing of the following primary hypotheses:
Hypothesis #1: Light to moderate alcohol consumption compared with lifetime
abstinence is associated with the decreased presence of prevalent CAC among

asymptomatic South Asians age 40-84 living in the U.S

Hypothesis #2: Moderate to high alcohol consumption compared with lifetime
abstinence is associated with higher cIMT among asymptomatic South Asians age 40-84
living in the U.S.

To achieve these aims, we will describe the pattern of alcohol consumption
(current, former, never); and the quantity of alcohol consumed in 906 MASALA
participants. We will perform a cross-sectional analysis examining the association of

alcohol consumption and CAC and cIMT.
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The proposed analysis focuses on the association of alcohol consumption and
CVD surrogate markers in the South Asian population which is an understudied
population. The study will help to fill gaps in our understanding of the antecedents of
CVD in South Asians. The study will be a novel approach to expand our knowledge
about the relationship of alcohol consumption and CVD in South Asians living in the
U.S. The results of the study will have an impact on understanding the benefits or risks

that alcohol poses on cardiovascular health of South Asians living in the US.
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Abstract

Background: South Asians are the second fastest growing ethnic group in the United
States, and they have a high risk for cardiovascular disease (CVD). Moderate alcohol
consumption has been associated with lower CVD risk in some race/ethnic groups, but
the association of alcohol consumption and atherosclerosis in South Asians has not been

investigated.

Methods: We used data from 906 South Asian participants who participated in the
Mediators of Atherosclerosis in South Asians Living in America (MASALA) cohort
(2010-2012). Alcohol consumption was ascertained via questionnaire, coronary artery
calcium (CAC) was measured with computed tomography, and common carotid artery
intima-media thickness (cIMT) was measured using B-mode ultrasonography. We used
multivariable regression models to examine cross-sectional associations of alcohol

consumption with the presence and amount of CAC and with cIMT.

Results: Compared with never drinkers, participants consuming 4-7 drinks/week had a
64% decreased odds of any CAC after adjusting for potential confounders and mediators.
Participants consuming 4-7 drinks/week had significantly lower odds of CAC score
between 1-300 [OR (95% ClI): 0.34 (0.16-0.73)] compared with never drinkers. A similar
inverse association was seen for the odds of CAC>300 [OR (95% CI): 0.25 (0.07-0.98)].
Alcohol consumption of >7 drinks/week was associated with 0.095 mm increase in

common-cIMT compared to no alcohol intake.
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Conclusion: There was an inverse association between the amount of alcohol intake and
CAC among South Asians while a positive association was found between alcohol
consumption and common-cIMT. Long-term follow-up of the MASALA cohort will
examine prospective associations of alcohol intake with the progression of subclinical

atherosclerosis, incident CVD events, and mortality.
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Introduction

South Asians — individuals with ancestry from Bangladesh, Bhutan, India, the
Maldives, Nepal, Pakistan, and Sri Lanka - are one of the fastest-growing ethnic groups
in the United States! and make up one-quarter of the world’s population.? South Asians
are more likely to develop coronary heart disease (CHD) at a younger age® and have
higher mortality from ischemic heart disease compared to other populations* that is not
explained by widely known risk factors. Ethnicity is known to account in part for inter-

individual variability in the prevalence and incidence of cardiovascular disease (CVD).>

An important question yet to be answered definitively is whether alcohol
influences the risk of cardiovascular disease (CVD). Alcohol has both protective and
detrimental effects on CVD.® Epidemiological studies have consistently found that
alcohol intake within recommended limits is associated with lower risk of CVD."1° One
potential mechanism is the effect of alcohol consumption on atherogenesis.!* The
relationship between alcohol and subclinical atherosclerosis could provide clues about the
mechanisms underlying the relationship between alcohol and CVD.'? To understand this
relationship; we can examine its association with subclinical atherosclerosis measured by
surrogate markers including coronary artery calcium (CAC) and carotid intima-media
thickness (cIMT). However, the studies examining the relationship between alcohol
consumption and subclinical atherosclerosis have shown inconsistent results, either no
association'®16, a dose-response relation'’* or a U-shaped relationship.'® Similarly, the
studies examining the association of alcohol consumption and cIMT have yielded
conflicting results.0-22
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Among all the ethnicities and nations that have been studied previously, the
cardioprotective effect of light to moderate drinking has not been consistently
replicated.?>?° The INTERHEART study that included 27,000 subjects from 52 different
countries showed that moderate (but not high levels of) alcohol use was associated with a
reduced risk of MI. Although moderate or low alcohol consumption was protective in
most countries, such an effect was not seen in South Asia?®. Our study may provide
insights into the understanding of the association between alcohol intake and subclinical
atherosclerosis in South Asians. We examined cross-sectional association between
alcohol consumption and subclinical atherosclerosis using data from the Mediators of
Atherosclerosis in South Asians Living in America (MASALA) study, a community-
based sample of asymptomatic South Asians in the United States. We hypothesized that
light to moderate alcohol consumption is associated with decreased prevalence of CAC

and lower CIMT among asymptomatic South Asians aged 40-84 years in the U.S

Methods

Study population

A detailed description of the MASALA study design and methodology have been
previously published.?” MASALA is a prospective community-based cohort study of
South Asians to examine the etiology and prognostic significance of subclinical
atherosclerosis. This project is similar in measures and methods to a large ongoing Multi-

Ethnic Study of Atherosclerosis (MESA).?® The sampling frames were created by clinical
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site and included all 9 counties of the San Francisco Bay Area for the UCSF field site,
and the 7 census tracts closest to the NWU medical center and secondary suburban
locations around Chicago where census data revealed high proportions of South Asian
residents. Between October 2010 and March 2013, 906 South Asians with a mean age of
55 + 9 years were enrolled. All participants signed informed consent forms before
undergoing study procedures. The study protocol was approved by the institutional
review boards of the University of California, San Francisco, and Northwestern

University.

Assessment of alcohol consumption

Based on the personal history questionnaire, alcohol consumption was assessed.
The participants were asked, “Have you ever consumed alcoholic beverages?” If yes,
they were then asked, “Do you presently drink alcoholic beverages?” Based on the
answers given to these 2 questions, the participants were categorized into never, former,
and current drinkers. Both current and former drinkers were asked, “For how many years
did you drink alcoholic beverages?” They were also asked about the usual number of
drinks consumed per week (before stopping drinking in the case of former drinkers).
Current drinkers were asked about the number of drinks consumed during the past 24
hours, and the largest number of drinks consumed in 1 day in the past month. If the
participant consumed >5 drinks on one occasion in the past month, it was defined as

binge drinking.?’
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Measurement of coronary artery calcium

Non-contrast cardiac CT scans were performed using cardiac gated computed
tomography scanners (UCSF: Phillips 16D scanner or a Toshiba MSD Aquilion 64; and
NWU: Siemens Sensation Cardiac 64 Scanner). A four-sample calibration phantom was
placed under the thorax for attenuation correction. All scans were interpreted at the CT
reading center at Harbor-UCLA using the Rephot Imaging Software. Coronary Artery
Calcium (CAC) Agatston scores were reported for each of the four major coronary

arteries, and the summed score was used.

Measurement of carotid artery intima-media thickness

High-resolution B-mode ultrasonography was conducted for measurement of right
and left internal and common carotid artery intima-media thickness (cIMT). The vascular
technician located the bifurcation of the carotid artery distinguished the internal from an
external carotid artery, and identified the maximal wall thickening in the near or far wall,
in the carotid bulb or internal carotid artery. Each of these images was collected in a
specified order and recorded. The digitized data were batched and mailed on magneto-
optical disks to the Reading Center at Wake Forest University for wall-thickness
measurements. For quality control, a single reader completed 25 repeat CIMT measures.
The intra-class correlation coefficient for the internal carotid IMT was 0.96 and 0.78 for

the common carotid IMT.
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Measurement of covariates

Other covariates include demographic characteristics and potential confounders
and mediators of alcohol-subclinical atherosclerosis association. Information on
participant’s demographic data, income, tobacco use, family history, medical history, and
medication use was obtained using standard questionnaires and structured interview
conducted by trained bilingual study staff. Education was categorized as having
>=bachelor’s degree or <bachelor’s degree. Physical activity was assessed using the
Typical Week’s Physical Activity Questionnaire?®. Resting blood pressure was measured
three times in the seated position, using an automated blood pressure monitor (V100 Vital
sign monitor, GE Medical Systems, Fairfield, CT) and the average of the last two
readings was used for analysis. Participant height was measured using a stadiometer, and
weight was measured using a standard balance beam scale or digital weighing scale.
Waist circumference was measured using a flexible tape measure tape at the site of
maximum circumference midway between the lower ribs and the anterior superior iliac
spine. Fasting plasma glucose was measured by the glucose oxidase method,; total
cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol and creatinine were
measured by enzymatic methods (Quest, San Jose, CA) and low-density lipoprotein
(LDL) cholesterol was calculated. Fasting serum samples were batched for insulin
measured by the sandwich immunoassay method (Roche Elecsys 2010, Roche
Diagnostics, Indianapolis, IN). Diabetes mellitus was defined as fasting glucose >126
mg/dL, or a post-challenge glucose >200 mg/dl, or by use of a glucose-lowering

medication. Hypertension was defined as systolic blood pressure >140 mmHg or diastolic
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blood pressure >90 mmHg or medication use for hypertension. Use of an HMG-coA

reductase inhibitor, fibrate, or niacin was categorized as cholesterol medication use.

Statistical Analysis

Baseline characteristics of the total population were compared across alcohol
consumption categories (never drinker, former drinker, 1-3 drinks/week, 4—7
drinks/week, and >7 drinks/week). Continuous variables were summarized using the
mean (standard deviation) or median (interquartile range) depending on the normality of
the data. Categorical variables were summarized using frequency (percentages). Analysis
of variance (ANOVA) was used to compare the continuous variables while the chi-
squared test was used to compare categorical variables. CAC scores were analyzed as a
dichotomous outcome for the presence of any CAC (CAC>0), and as a categorical
outcome for the degree of prevalent CAC (CAC =0, 1-300, and >300). We used
multivariable logistic regression models to compute odds ratios and 95% confidence
intervals (CI) for the cross-sectional association between each alcohol consumption
categories (never drinker (reference), former drinker, 1-3 drinks/week, 4—7 drinks/week,
and >7 drinks/week) with the presence of any CAC, while multinomial logistic regression
models were used to examine the association between alcohol consumption and degree of
prevalent CAC (CAC =0, 1-300, and >300). Linear regression models were used to
examine the associations between categories of alcohol consumption and common CIMT
modeled on a continuous scale. Model 1 was adjusted for age, sex and education level.

Model 2 was adjusted for model 1 plus smoking (never, former, current, and pack-years),
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BMI, self-reported physical activity and family history of heart attack, systolic and
diastolic blood pressures, HDL-C, LDL-C, use of cholesterol medications, diabetes, and

C-reactive protein.

Additionally, we examined the interaction of alcohol consumption with sex, and
age using the likelihood ratio ¥ test, by including interaction terms in model 2. A two-
sided p-value of <0.05 was considered statistically significant. All statistical analyses

were performed using with SAS version 9.4 (SAS Institute Inc., Cary, North Carolina).

Results

Baseline Characteristics

Sociodemographic characteristics by alcohol consumption categories are shown in
Table 1. The average age of the 906 MASALA participants was 55.3 (+9.4) years, and
46% of participants were women. Among these, 304 (34.6%) were never drinkers, 303
(33.4%) were former drinkers, and 299 (33%) were current drinkers. Of the current
drinkers, 182 (60.9%) reported consuming 1-3 drinks/week, 75 (25.1%) reported
consuming 4-7 drinks/week, and 42 (18%) reported consuming >7 drinks/week.
Participants consuming >7 drinks/week were more likely to be older, male and current
smokers. Higher categories of drinks per week were associated with higher blood
pressure and waist circumference. In univariate analysis, higher alcohol consumption was

associated with a higher cIMT score. The prevalence of any CAC was 37%, 43.2%,

33



44.4%, 43.8% and 63.4% in never drinkers, former drinkers, those who consume alcohol

1-3 drinks/week, 4—7 drinks/week, and >7 drinks/week, respectively.

Alcohol consumption and presence of CAC

Table 2 displays the association between levels of alcohol consumption and any
prevalent CAC using multivariable logistic regression. In the model adjusted for
sociodemographic factors, alcohol consumption of 4-7 drinks/week was associated with
decreased odds of any CAC presence (odds ratio [OR] (95% CI):0.53 (0.28-1.00),

P =0.05). Compared with never drinkers, participants consuming 4-7 drinks/week had a
64% lower odds of any CAC after adjusting for potential confounders and mediators (OR
(95% CI): 0.36 (0.18-0.72), P < 0.01). The interaction between alcohol consumption and
sex or age was not statistically significant. After adjustment for all mediators and
confounders, there was no association between binge drinking in the past month and any

CAC presence.

Figure 1 and 2 shows the association between alcohol consumption and the
burden of CAC. For the categorical model, participants consuming 4-7 drinks/week had
significantly lower odds of CAC = 1-300 compared with never drinkers (OR (95% CI):
0.34 (0.16-0.73), P=0.005) (Figure 1). A similar inverse association was observed for

the odds of CAC>300 (OR (95% CI): 0.25 (0.07-0.98), P = 0.04) (Figure 2).
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Alcohol consumption and common cIMT

Table 3 shows the multivariable model result for the association between alcohol
consumption categories and common cIMT. Alcohol consumption of >7 drinks/week
was associated with a 0.95 mm increase in common cIMT compared to no alcohol intake
in a fully adjusted model. (B (95% CI): 0.095 (0.023-0.167), P = 0.009). Using multiple
linear regression analysis, we also calculated the least mean square and standard error
(SE) of association of alcohol consumption categories and cIMT (Table 4). There was an
incremental increase in mean cIMT across alcohol consumption categories with the
higher score in >7 drinks/week followed by 4-7 drinks/week followed by 1-3 drinks/week
followed by former drinker and then never drinker (trend P-value of 0.01 for Model 1 and

0.09 for Model 2).

Discussion

Main Findings

Several important insights were obtained in this study about alcohol consumption
and subclinical atherosclerosis among middle-aged US South Asian adults free of CVD at
baseline. We found an inverse association of light alcohol consumption of 4-7
drinks/week with presence and amount of CAC. In contrast, moderate to high alcohol
consumption of >7 drinks/week was associated with higher cIMT. Moreover, there was a

graded association with the number of drinks/week and common cIMT, with higher
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alcohol consumption associated with the higher cIMT. Our study was designed to further
the understanding of the relationship between alcohol consumption and subclinical
atherosclerosis. To our knowledge, this is the first study assessing the association of
alcohol consumption and measures of subclinical atherosclerosis in South Asians in the

u.S.

Comparison with previous studies

The studies examining the relationship between alcohol consumption and CAC
have shown inconsistent results. Tofferi et al** used a cohort of 731 consecutive,
consenting, active-duty US Army personnel (39 to 45 years of age) without known CVD.
This cross-sectional study found no relationship between the CAC score and the alcohol
intake. It was one of the first studies focusing on the relation between alcohol
consumption and CAC in a group at low risk for cardiovascular disease and with early
atherosclerosis. Using CAC and atherosclerotic plaque in the aorta as surrogate markers
of subclinical atherosclerosis, Ellison et al'® investigated this relationship using data from
a prospective cohort study including 3166 white and African American subjects with
mean age around 55 years. They found no evidence of an association between total
alcohol intake and CAC, although there was a tendency for the increased prevalence of
CAC in the highest category of alcohol intake. Analyses of aortic calcification showed
similar nonsignificant associations. Yang et al*® tried to determine if alcohol intake was
associated with reduced coronary risk in a high-risk asymptomatic population and

whether this effect was independent of coronary risk factors and coronary calcium. The
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study showed no relation between alcohol use and CAC. The definition of moderate
alcohol consumption was different at that time. Also, the study lacked detail data on
alcohol consumption. The first large study to evaluate the association of alcohol with
CAC in 4 racial-ethnic groups and to evaluate the progression of calcification, was done
by McClelland et al.*® The researchers studied the association between alcohol
consumption and CAC prevalence, incidence and progression in The Multi-Ethnic Study
of Atherosclerosis (MESA) which is a prospective community-based cohort study
including 6814 participants aged 45-84 y who identified themselves as white, African
American, Hispanic, or Chinese. They showed that overall alcohol consumption was not

associated with the prevalence of any CAC > 0 at baseline regardless of alcohol type.

In contrast to these studies, Vliegenthart et al'® found a U-shaped association
between alcohol consumption and CAC performing a cross-sectional analysis using data
from the population-based Rotterdam Coronary Calcification Study. By using prospective
study design. Interestingly, Pletcher et al*” found a dose-response relation between
alcohol and CAC. Our study did have some evidence of J-shaped association of alcohol

with the presence and degree of CAC.

Carotid IMT is another non-invasive measure that can be used as a surrogate
marker of subclinical atherosclerosis. To address the relationship between alcohol
consumption and carotid atherosclerosis in older adults, Mukamal et al®® used data from
the Cardiovascular Health Study (CHS) including 5888 adults aged 65 years and older.
The result of this cross-sectional study found that relative to older adults who abstain
from alcohol, consumption of 1 to 6 drinks per week had an inverse association with

carotid atherosclerosis whereas consumption of 14 or more drinks had a positive

37



association. The CHS participants represent a relatively healthy group of older adults, so
the results can only be generalized to older adults in similar health. Kim at al! tried to
find relationships between alcohol consumption and subclinical atherosclerosis in 5539
Korean subjects (2121 men and 3418 women) who were participants in the Multi-Rural
Communities cohort (MRcohort) study. The result showed that carotid artery intima-
media wall thickness (CCA-IMT) was lower with alcohol consumption in men only.
Zyriax at al?? conducted a cross-sectional study with the aim of investigating the
relationship between alcohol intake and c-IMT in a selectively healthy population of the
Stress Atherosclerosis and ECG Study (STRATEGY study). The results revealed a
significant positive correlation between daily alcohol consumption and IMT in men,
whereas in women the positive correlation was not significant. Our study found a positive
association between alcohol consumption and cIMT. In our study, we could not do a
stratified analysis by gender given a small sample size of women in 4-7 drinks/week and

>7 drinks/week categories.

Potential mechanisms

An explanation for these conflicting results is unclear. Moderate alcohol acts
upon the liver and can, therefore, serve to directly increase the hepatic production and
secretion of apolipoproteins and lipoprotein particles, increase triglyceride
concentrations, and decrease the removal of circulating high-density lipoprotein
cholesterol.® We did not find any association between alcohol consumption categories

and HDL or LDL in MASALA participants (Table 1). Systemic inflammation is a known
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aggravating factor in the pathogenesis of CVD and studies have shown that moderate
alcohol intake is associated with lower levels of inflammatory markers such as 1L-6,
TNF-a, and CRP.2-32 This anti-inflammatory effect may mediate the observed reduction
of atherosclerotic burden. Alcohol also reduces hyperglycemia through the inhibition of

hepatic gluconeogenesis, with a resulting reduction in plasma glucose levels.

In contrast, moderate to heavy alcohol intake has been shown to increases blood
pressure in a dose-dependent fashion.343¢ Our study confirmed this finding showing that
both SBP and DBP increased with higher levels of alcohol consumption. Alcohol is the
second most energy-dense macronutrient consumed and also has an appetite enhancing
the effect, which could lead to an increased energy-intake, thereby causing weight gain.®
We found that the level of alcohol consumption was positively associated with waist
circumference in MASALA participants. These findings, if causal, could partly explain

the dose-response relationship of alcohol consumption and cIMT in MASALA cohort.

Implications

Due to the diversity of language, cultural and religious practices, it is difficult to
stereotype degree and pattern of alcohol use among a group as diverse as South Asians.
Moreover, differences between generations and increased alcohol consumption due to
acculturation further complicate the picture.>” The recommended limit of alcohol
consumption vary substantially across different national guidelines.®® Despite multiple
studies revealing the benefits of moderate alcohol consumption to lower CVD risk, a

recent study analyzing data from nearly 600,000 people concluded that in current
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drinkers of alcohol in high-income countries, the threshold for lowest risk of all-cause
mortality was about 100 g/week (<7 drinks/week).3® Even though our study showed the
inverse association of consuming 4-7 drinks/week with respect to CAC, we also observed
that >7 drinks/week of alcohol consumption was related to greater cIMT. Thus, it would
be difficult to make any recommendations regarding a safe threshold in South Asian

population.

Strengths and limitations

The major strength of our study is the understudied and unique population of
South Asian. Also, we were able to adjust for many potential confounders and mediators
including lifestyle variables and CVD risk factors. There are certain limitations that need
to be taken into consideration in the interpretation of our study. First, alcohol
consumption was based on questionnaire responses, and participants may have
underreported heavy or any consumption. These would most likely attenuate the
association due to misclassification. Second, our study design was cross-sectional, and
therefore, a causal relationship between alcohol and subclinical atherosclerosis cannot be
established. Third, there were very few participants with heavy alcohol consumption
defined as >14 drinks/week, which limited our ability to explore alcohol associations
among this subset. Finally, we adjusted for several confounders, but residual confounding

remains a possibility.
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Conclusion

In conclusion, we found different associations of alcohol consumption with
surrogate markers of subclinical atherosclerosis. We observed an inverse association of
alcohol consumption and presence and burden of CAC while alcohol seems to have an
unfavorable association with cIMT. Future research can examine the association between
alcohol consumption and incidence and progression of CAC as well as incident coronary

heart disease in MASALA cohort.
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Tables and Figures

Table 1. Baseline Characteristics of MASALA Participants

Characteristics
Meanzx SD or N (%)

Male
Age (years)

Systolic Blood
Pressure (mm Hg)
Diastolic Blood
Pressure (mm Hg)
LDL Cholesterol
(mg/dlI)

HDL Cholesterol
(mg/dlI)

BMI (kg/m2)

Physical activity
(METs per week) "

Waist Circumference
(cm)

Family Income >
$75,000 per year
Education < Bachelor’s
Degree

Diabetes Mellitus +

Smoker Status
Never

Former
Current

Lipid-Lowering
Medication use
Family history of heart
attack (%)

Alcohol consumption (number of drinks/week)

Never
N=304

93 (31)
55.9+ 9.4

1246+ 16.5
71.7+9.6

111.7+323
50.9 + 12.9
259+4
929 (689-
1230)
91.3+10.4
121 (40)

37 (12)

77 (26)

290 (95)
11(4)
3(1)
93 (31)

120 (40)

Former
N=303

173 (57)
54.6+9.1

123.4
141
73.3+9.9

112.7 =
32.4

485+ 12.9
26+4
951 (744-
1191)
93+10.2
68 (23)
36 (12)

80 (27)

265 (88)
28 (9)
10 (3)
80 (26)

157 (52)

42

1-3
N=182

116 (64)
54.4+96

1242 + 16
744+93

108.2 +£29.8

505+ 14

26.2+45

974 (805-

1187)

93.4+10.2

152 (84)

21 (12)

40 (22)

135 (74)
42 (23)
5 (3)

58 (32)

82 (45)

4-7
N=75

63 (84)
56.1 %
8.3
128 +
17.3
763
9.4
108.1 +
336

50.8 +
15.3

258+4

899

(739-
1172

94.4 +
10.7
63 (84)

7(9)

24 (32)

45 (60)
25 (33)
5 (7)

28 (37)

36 (48)

>7 P
N=42 value
41 (98) | <0.001
59+11.5 | 0.021
1311+ 0.014

14.5
78.4 + <0.001
10.1
1165 + 0.374
31.7
51.7 + 0.168
13.6
25.6 + 0.879
3.8
933 (746- | 0.776
1148)
96.3 + 0.009
9.6
32 (75) 0.001
9 (21) <0.001
8 (19) 0.47
<0.001
16 (38)
18 (43)
8 (19)
13 (31) 0.39
17 (40) 0.04



C-Reactive Protein 1.37 (0.7- 1.3 (0.6- 1.03 (0.7- 0.96 0.96 (0.5- | 0.376

(CRP) (ug/ml)* 3.2) 2.9) 2.5) (0.5-2.3) 2.6)
Common Carotid IMT 0.84 (0.73- | 0.84(0.72- | 0.84(0.72- 0.89 0.93 <0.001
(mm) 0.95) 0.95) 1.00) (0.77- (0.82-

1.06) 1.17)
CAC 112 (37) 130 (43) 80 (44) 32 (44) 26 (63) 0.021
Presence(CAC>0)

* median (interquartile range) shown for skewed variables

tdiabetes defined by fasting plasma glucose >126 mg/dl, or a post-challenge glucose >200 mg/dl, or by
use of a glucose-lowering medication

LDL, low- density cholesterol; HDL, high-density cholesterol; BMI, body mass index; MET, metabolic
equivalent; IMT, intima-media thickness; CAC, coronary artery calcium
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Table 2. Adjusted Odds Ratio and 95% CI of association between alcohol consumption
and CAC presence (CAC>0)

Alcohol Consumption

Never Drinker

Former Drinker

1-3 drinks/week

4-7 drinks/week

>7 drinks/week

Model 1 Model 2
Odds Ratio (95% p-value Odds Ratio (95% p-value
Cl) Ch
<0.01 <0.01
reference reference
1.03(0.68, 1.56) 0.89 0.97(0.63, 1.51) 0.90
1.01 (0.62, 1.63) 0.98 0.85(0.50, 1.43) 0.54
0.53 (0.28, 1.00) 0.05 0.36 (0.18,0.72) 0.007
0.92 (0.40, 2.16) 0.85 0.66 (0.27, 1.63) 0.37

Model 1 adjusted for age, sex, education and income

Model 2 adjusted for Model 1 plus smoking (never, former, current, and pack-years), BMI, self-
reported physical activity, family history of heart attack, systolic and diastolic blood pressures,

HDL-C, LDL-C, use of cholesterol medications, diabetes, and C-reactive protein.
CAC, coronary artery calcium; BMI, body mass; HDL, high-density cholesterol; LDL, low-

density cholesterol
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Table 3. Adjusted Beta-coefficient and 95% CI of association between alcohol
consumption Categories and common cIMT

Alcohol
Consumption

Never Drinker

Former Drinker
1-3 drinks/week
4-7 drinks/week

>7 drinks/week

Model 2

Model 1
Beta-Coefficient p-value

(95% CI)
<0.001

reference

0.016 (-0.018, 0.050) 0.37
0.039 (-0.00, 0.079) 0.06

0.049 (-0.006, 0.103) 0.08

0.114 (0.045,0.183)  0.001

Beta-Coefficient
(95% CI)

reference
0.010 (-0.024, 0.045)
0.031 (-0.009, 0.072)
0.039 (-0.017, 0.094)

0.095 (0.023, 0.167)

p-value

<0.001

0.56
0.13
0.17

0.009

Model 1 adjusted for age, sex, education, and income
Model 2 adjusted for Model 1 plus smoking (never, former, current, and pack-years), BMI, self-
reported physical activity, family history of heart attack, systolic and diastolic blood pressures,

HDL-C, LDL-C, use of cholesterol medications, diabetes, and C-reactive protein.
cIMT, carotid intima-media thickness; BMI, body mass; HDL, high-density cholesterol; LDL, low-

density cholesterol
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Table 4. Least Mean Square and SE of common cIMT across alcohol categories.

Alcohol Model 1 Model 2
categories
Mean + SE Trend p-value Mean + SE Trend p-value
0.01 0.09

Never Drinker 0.86+0.013 0.86+0.013

Former Drinker 0.87+0.012 0.87+0.012

1-3 drinks/week 0.89+0.015 0.89+0.015

4-7 drinks/week 0.90+0.024 0.90+0.024

>7 drinks/week 0.97+0.032 0.97+0.032

Least mean square and standard error calculated from multiple linear regression analysis
Model 1 adjusted for age, sex, race, and education

Model 2 adjusted for Model 1 plus smoking (never, former, current, and pack-years), BMI, self-
reported physical activity, family history of heart attack, systolic and diastolic blood pressures,
HDL-C, LDL-C, use of cholesterol medications, diabetes, and C-reactive protein.

SE, standard error; cIMT, carotid intima-media thickness; BMI, body mass; HDL, high-density
cholesterol; LDL, low- density cholesterol
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Abstract

Background: Alcohol consumption above the recommended limit has shown to be
associated with increased cardiovascular disease (CVD) although its association in South
Asian is unclear. Less is known whether alcohol consumption is associated with
cardiovascular health (CVH), assessed by the American Heart Association's Life's Simple

7 (LS7) health metrics in South Asian ancestry.

Methods: This analysis included 701 participants without CVVD from the Mediators of
Atherosclerosis in South Asians Living in America (MASALA) cohort (2015-2018).
Alcohol consumption was ascertained via questionnaire and participants were divided
into never, former and current drinkers. Current drinkers were further categorized into1-3
drinks/week, 4—7 drinks/week, and >7 drinks/week. Binge drinking was defined as the
consumption of 5 or more drinks on 1 occasion in the past month. Each LS7 component
was given a point score of 0, 1, or 2. The total score was categorized into 0 to 6, 7 to 10,
and 11 to 14 to represent poor, intermediate, and ideal CVH respectively. Multivariable
logistic regression was used to examine the association between alcohol consumption and

CVH.

Results: In MASALA cohort (N=701, mean age=59 y, 43% female), participants
consuming >7 drinks/week had the lowest mean CVH score. In multivariable logistic
regression models, compared with never drinkers, participants consuming >7 drinks/week
were less likely to have intermediate CVH [0.33 (0.11, 0.96)] and ideal CVH [ 0.21 (0.11,
0.86)]. Binge drinking was associated with significantly decreased odds of ideal CVH

compared to never drinkers.
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Conclusion: There was evidence of the inverse association of moderate to heavy alcohol
consumption and ideal CVH in South Asian population. These findings suggest that the
recommended limit for alcohol consumption to maintain ideal CVH could be lower

among South Asians.
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Introduction

Health behaviors play a significant role in maintaining and modifying disease
processes. While some health behaviors may lead to improvement of health, such as
exercise for hypertension?, others can lead to deterioration of health?. Furthermore, other
health behaviors can be more complex with both beneficial and harmful effects, such as
alcohol consumption. Alcohol, when consumed in moderation, has shown to be
associated with reduced risk of cardiovascular disease (CVD) and mortality while excess
consumption is associated with increased risk®. For example, one study with more than
5000 participants with baseline vascular disease or diabetes revealed a U-shaped
relationship between alcohol consumption and all-cause mortality, vascular mortality,
and amputation. It also showed that 1-2 alcoholic drinks per day were associated with
reduced all-cause mortality, vascular death, the risk of congestive heart disease, and
stroke*. While a recent study analyzing data from nearly 600,000 people showed that

more than 1 drink per day was associated with increased all-cause mortality®.

In 2010, the American Heart Association (AHA) declared its strategic impact goal
which stated: “By 2020, to improve the cardiovascular health of all Americans by 20%
while reducing deaths from cardiovascular diseases and stroke by 20%.” To help achieve
this goal, the concept of “ideal cardiovascular health” was created and defined by 7
metrics (healthy diet, physical activity, body mass index, smoking, blood pressure, blood
glucose, and total cholesterol) called Life’s Simple 7°. Very few studies have examined
the association of alcohol consumption and cardiovascular health (CVH) using Life’s

Simple 7 (LS7) health metrics’®.

55



South Asian is one of the rapidly growing ethnicities in the United States, and
they are at high risk of CVD which is not explained by traditional risk factors®. The
Mediators of Atherosclerosis in South Asians Living in America (MASALA) study can
contribute in a unique way to the literature on the association of alcohol consumption and
other health behaviors that can influence cardiac risk. The objective of this cross-
sectional study from MASALA cohort was to examine the association between alcohol
use and ideal cardiovascular health using AHA’s LS7 metrics among asymptomatic
South Asians age 45-89 living in the U.S. We postulated that increased alcohol

consumption would be inversely associated with ideal CVH.

Methods

Study population

A detailed description of the MASALA study design and methodology have been
reported previously®. The MASALA study is a prospective community-based cohort
study of South Asian men and women from 2 clinical sites (San Francisco Bay Area at
the University of California, San Francisco and the greater Chicago area at Northwestern
University). Between October 2010 and March 2013, 906 South Asians were enrolled.
All surviving cohort participants were invited for the second clinical examination during
September 2015 through March 2018, and 749 (83%) participants completed this
examination'®. We excluded 48 participants with missing data for one or more

components of the CVH score from this analysis resulting in a sample of 701
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participants. The study protocol was approved by the institutional review boards of the

University of California, San Francisco, and Northwestern University.

Assessment of alcohol consumption

Based on the personal history questionnaire, alcohol consumption was assessed.
The participants were asked, “Have you ever consumed alcoholic beverages?” If yes,
they were then asked, “Do you presently drink alcoholic beverages?”” Based on the
answers given to these 2 questions, the participants were categorized into never, former,
and current drinkers. Both current and former drinkers were asked, “For how many years
did you drink alcoholic beverages?” They were also asked about the usual number of
drinks consumed per week (before stopping drinking in the case of former drinkers).
Current drinkers were asked about the number of drinks consumed during the past 24
hours, and the largest number of drinks consumed in 1 day in the past month. Based on
the answers, the current drinkers were divided into the categories of 1-3 drinks/week, 4-7
drinks/week, and >7 drinks/week. If the participant consumed >5 drinks on one occasion

in the past month, it was defined as binge drinking.®

Assessment of Life’s Simple 7 Metrics

Based on data available for the MASALA cohort, the AHA's LS7 components
were defined as follows!!. Smoking status was self-reported and assessed using a

questionnaire®. Body mass index (BMI) was calculated from measurements of weight and
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height. Participant weight was measured on a standard balance-beam scale or a digital
weighing scale, and height was measured using a stadiometer. Weight (in kgs) divided by
height (in meters) squared was used to calculate BMI. Total Cholesterol was measured
using enzymatic methods. Resting blood pressure was measured three times in the seated
position, using an automated blood pressure monitor (V100 Vital sign monitor, GE
Medical Systems, Fairfield, CT) and the average of the last two readings was used for
analysis. Fasting plasma glucose was measured by the glucose oxidase method. The
Study of Health Assessment and Risk in Ethnic food frequency questionnaire (FFQ)
developed and validated for South Asians in Canada was used to assess dietary intake. As
defined by the AHA, a healthy diet contained adequate quantities of 5 items (fruits and
vegetables, fish, whole grains, sodium, and sugar-sweetened beverages). The Typical
Week’s Activity Survey was used to assess levels of various types of physical activity
and exercise, and the Metabolic Equivalents (METS) of each activity was specified by
Ainsworth et al*2. Specifically, we used intentional exercise, including walking for
exercise, dance, conditional activities, and sports to calculate time spent in moderate and
vigorous activities. Time spent in activities identified as either vigorous (>6 METS) or
moderate (3—-6 METSs) were used in the derivation. The average time per week spent
engaged 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®.

Each LS7 component was given a point score of 0, 1, or 2 to represent poor,
intermediate, or ideal health, respectively. The individual component scores were
summed to derive CVH score which could range from 0-14. The CVH score was

classified as poor (0-6), intermediate (7—10), or ideal (11-14) CVH.
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Measurement of covariates

Using a structured interview and standard questionnaires, information on age, sex,
education, income and acculturation status was obtained. Education was categorized as
having >=bachelor’s degree or <bachelor’s degree. A traditional cultural beliefs scale
was used as a marker of acculturation?®. Scores on this scale were categorized as strong

(scores <12), moderate (scores 12—-17) or weak (scores >17) traditional beliefs.

Statistical Analysis

Baseline characteristics of the total population were compared across alcohol
consumption categories (never drinker, former drinker, 1-3 drinks/week, 4-7
drinks/week, and >7 drinks/week). Continuous variables were summarized using the
mean (standard deviation) or median (interquartile range) depending on the normality of
the data. Categorical variables were summarized using frequency (percentages). Analysis
of variance (ANOVA) was used to compare the continuous variables while the chi-

squared test was used to compare categorical variables.

The prevalence of each LS7 metric was reported by alcohol consumption
categories. We used multinomial logistic regression models to examine the cross-
sectional association between alcohol consumption categories and CVH. Odds ratios
(ORs) and 95% Cls were calculated for intermediate CVVH score (7-10) and ideal CVH
score (11-14) across the categories of alcohol consumption. In both approaches, model 1
was unadjusted, and model 2 was adjusted for age, sex, education, and income. The

reference groups were “never” categories for alcohol consumption and binge drinking*
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and poor score for CVH categories’. We also examined the association between alcohol
consumption and each LS7 metric. Moreover, we examined whether age, sex, or

traditional cultural beliefs, modified the associations between alcohol consumption and
CVH. Finally, linear regression models were used to examine the associations between

categories of alcohol consumption and CVH score modeled on a continuous scale.

Additionally, we performed subgroup analysis stratified by age (using 54 years as
a cut point). A two-sided p-value of <0.05 was considered statistically significant. All
statistical analyses were performed using with SAS version 9.4 (SAS Institute Inc., Cary,

North Carolina).

Results

Table 1 shows the baseline characteristics of the MASALA participants by
alcohol consumption categories. Among 701 participants included in the analysis (aged
59 + 9 years, 43% women), 198 (28%) were never drinkers, 247 (35%) were former
drinkers, and 256 (37%) were current drinkers. Of the current drinkers, 147 (57%)
reported consuming 1-3 drinks/week, 68 (27%) reported consuming 4-7 drinks/week, and
41 (16%) reported consuming >7 drinks/week. Also, 11% of current drinkers reported
binge drinking in the past month. For the overall cohort, 10% (n=69) had poor CVH,
20% (n=141) had ideal CVH, and the remaining 70% (n=491) had intermediate CVH.
Participants with >7 drinks/week and binge drinkers had the lowest proportion of ideal

CVH. Of note, only 5% of the female participants consumed >7 drinks/week.
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Table 2 shows the distribution of LS7 metrics by alcohol consumption categories.
The proportion of participants consuming > 7 drinks/week who met the ideal criteria for
smoking, total cholesterol, and blood glucose were significantly lower compared to never
drinkers. For the overall cohort, only 4% of the participants met the ideal criteria for diet.
Interestingly, the proportion of never drinkers who met the ideal criteria for the physical

activity was lower than that for current drinkers who consumed more than 7 drinks/week.

Table 3 displays the association between levels of alcohol consumption and CVH
using multivariable logistic regression. In the model adjusted for sociodemographic
factors, alcohol consumption of >7 drinks/week was associated with decreased odds of
having intermediate (odds ratio [OR] (95% CI):0.33 (0.12-0.96), P =0.04) and ideal
(odds ratio [OR] (95% Cl):0.32 (0.09-0.86), P=0.03) CVH compared to never drinking.
Using CVH as a continuous variable, alcohol consumption of >7 drinks/week was
associated with 0.87-point decrease in CVH score compared to no alcohol intake in a
fully adjusted model. (B (95% CI): -0.87 (-1.52, -0.21), P=0.009) (Table S3). Table 4
shows the association between binge drinking in the past month and CVH. Compared to
never drinkers, participants who reported binge drinking were less likely to have ideal
CVH (odds ratio [OR] (95% CI): 0.10 (0.01-0.93), P =0.04). In age-stratified analysis
(Table S1), those who were >58 years and consumed >7 drinks/week had 73% decreased
odds of having intermediate CVH, and 81% decreased odds of having ideal CVH,
compared to nondrinkers. There was no significant association between alcohol
consumption and CVH in those who were <58 years. Evaluation of the association by sex
was limited by sample size, especially among females. Although, men with alcohol

consumption of >7 drinks/week were 77% less likely to have ideal CVH.
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We formally tested for interaction of the associations by sex and age, even though
results were stratified given a priori interest in the relation of alcohol consumption and
CVH among subgroups. For the CVH scores, there was no significant interaction for

alcohol consumption with sex or age.

Figure-1 displays the mean CVH score by alcohol consumption categories.
Participants consuming >7 drinks/week as well as those with binge drinking had lower
mean CVH scores. We also examined the association between alcohol consumption and
individual LS7 metrics (Table S2). Regardless of the category of alcohol consumption,
participants had lower odds of achieving the ideal criteria for smoking. Participants
consuming >7 drinks/week were 71% less likely to meet the ideal criteria for total
cholesterol. Also, those who reported 4-7 and >7drinks/week were had lower odds of

achieving ideal blood pressure and blood glucose criteria.

Discussion

There are several important findings demonstrated by this investigation from a
large community-based population of South Asians in the United States free of CVD.
First, participants consuming >7 drinks/week were less likely to achieve intermediate and
ideal CVH. Second, we found that participants who reported binge drinking in the past

month had lower odds of having ideal CVH compared to never drinkers. Third,
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participants who consumed >7 drinks/week were less likely to achieve ideal criteria for

total cholesterol, blood pressure, and blood glucose.

Although multiple epidemiological studies have examined the association
between alcohol consumption and CVD**8, the studies examining the association
between alcohol consumption and CVH are very few. A recent study from the Multi-
Ethnic Study of Atherosclerosis (MESA) showed that compared to never drinkers,
participants consuming >14 drinks/week were less likely to have intermediate and ideal
CVH. Similar to our results, binge drinking in the MESA participants was also associated
with unfavorable CVH. They also showed that women with 7 to 14 drinks/week were
more likely to have ideal CVH compared to non-drinking women, which was not seen in
men. Moreover, the findings of an inverse relationship of heavy and binge drinking with
ideal CVH was noted to be consistent among different racial/ethnic groups in the MESA.
The cardioprotective effect of light or moderate drinking has found to be inconsistent
among the different races and ethnicities!®?!. The INTERHEART study that included
27,000 subjects from 50 different countries showed that regular alcohol intake reduced
the risk of MI by 14%; although, this beneficial association was not apparent among the
cohort from India?2. Our study also did not show any association between light drinking

and CVH.

Health behaviors are influenced by an individual’s “motives, self-regulation,
resources, habits, and environmental and social influences®.” Similarly, health behaviors
can often influence other health behaviors. None of the participants met ideal criteria for
smoking regardless of the level of alcohol consumption compared to never drinkers.

Alcohol consumption has shown to increase smoking behavior?*25, Not only has alcohol
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shown to reduce smoking resistance in an inverse dose-dependent fashion?, but it has
also shown to be associated with more tobacco use on heavy drinking days?’. One study
showed that tobacco use was more prominent after approximately 3 drinks?®. Moderate
alcohol consumption has been associated with increased high-density lipoprotein (HDL)
cholesterol®®. Although MASALA participants with >7 drinks/week were less likely to
have ideal total cholesterol. Our study showed that consumption of 4-7 drinks/week and
>7 drinks/week was associated with decreased odds of achieving ideal blood pressure. A
recent systematic review and dose-response meta-analysis of the association between
alcohol consumption and incident hypertension found that no level of alcohol intake was
associated with a lower risk of developing hypertension in either sex?°. Loss of relaxation
due to inflammation and oxidative injury of the endothelium by angiotensin Il leading to
inhibition of endothelium-dependent nitric oxide production is considered to be the major
contributors of the alcohol-induced hypertension®°. We also found that >7 drinks/week of
alcohol consumption had 73% decreased odds of having ideal blood glucose levels. Most
alcoholic beverages have very high amounts of sugar. Alcohol-induced increase in blood
glucose levels may result from its adverse effect on insulin secretion and insulin

resistanced!,

Our study has a public health implication given that alcohol is a modifiable risk
factor. Alcohol consumption guidelines vary substantially across different countries®2,
Importantly, the pattern of alcohol consumption could vary among a diverse group of
South Asian given their cultural and religious practices. Recent study results support

limits for alcohol consumption that are lower than those recommended in most current
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guidelines®. Our study also suggests that the recommended drinking limit could be lower

for South Asian population to maintain ideal CVH.

Strengths and limitations

The strength of our study includes its community-based South Asian population
which is an understudied but fast-growing minority with high risk for chronic disease
including heart disease. Many key variables in the MASALA study including diet have
been collected using culturally appropriate and validated instruments. Study limitations
include the cross-sectional analysis of the association between alcohol consumption and
CVH, and, therefore, a causal relationship could not be established. The MASALA study
has a relatively small cohort size, which is drawn from only 2 geographic centers in the
United States which limit the generalizability of the findings. We were unable to make
inferences regarding a female who reported >7 drinks/week and who reported binge
drinking given small sample sizes in these categories. Alcohol consumption was based on
questionnaire responses, and participants may have underreported heavy or any
consumption. These would most likely attenuate the association due to misclassification.
Lastly, we adjusted for several confounders, but residual confounding remains a

possibility.
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Conclusion

We observed an inverse association between alcohol consumption and CVH in
South Asian population. These results further highlight the importance of healthy
behaviors in maintaining ideal CVH. Future research can focus on the impact of these
healthy behaviors and examine the association between alcohol consumption and incident

coronary heart disease in MASALA cohort.
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Tables and Figures

Table 1. Baseline Characteristics of MASALA Participants

Characteristics
Meanzx SD or N (%)
Male

Age (years)

Education < Bachelor’s
degree

Family Income >
$75,000 per year

LS 7 metrics

Smoker Status

Never

Former

Current

BMI (kg/m?)

Total Cholesterol
(mg/dl)

Lipid-lowering
medications

Systolic Blood Pressure
(mm Hg)

Diastolic Blood Pressure
(mm Hg)
Antihypertensive
Medications

Fasting blood glucose
(mg/dlI)

Diabetic medications
Diet Score

Physical activity (MET-
min per week)

CVH Score, N (%)
Poor (0-6)

Intermediate (7-10)
Ideal (11-14)

Alcohol consumption (number of drinks/week)

Never

N=198
61 (31)
60 +9.2

39 (20)

126 (67)

191 (97)

5(2)

2 (1)
264+4
189.1 +

375
59 (30)

127.3 =
18.8
73.6+9.8

66 (33)

107.6 +
24.6
31 (16)
2.06 (0.91)
12953
(1299.2)

15 (7.6)
138 (69.7)
45 (22.7)

Former

N=247
141 (57)
59.3+9.1

20 (8)

193 (79)

211 (85)
31 (13)
5(2)
26.8+42
184.1 %
42.7
80 (32)

1271+
17.7
74.7+9.8

89 (36)

110.1 %
24.2
60 (24)
2.12 (0.90)
1544.9
(1537.2)

31 (12.6)
167 (67.6)
49 (19.8)

1-3
N=147

98 (67)
58.4+9.8

8 (5)

118 (82)

111 (75)
32 (22)
4(3)
26.4+43
189.2 +
41.3
45 (31)

126.8 +
17.8
75.7+8.6

54 (37)
104.8 +

183
25 (17)

1.99 (0.90)

1621.3
(1235.1)

8 (5.4)

108 (73.5)

31 (21.1)

4-7
N=68

53 (78)
58.9+8.3

6 (9)

59 (88)

46 (68)
18 (26)
4 (6)
26.1+33
181.6 + 37

31 (46)
129.6+ 13
78.7+85

26 (38)

1172+
26.3
17 (25)
1.99 (0.91)
1911.7
(1632.6)

6 (8.8)
51 (75)
11 (16.2)

>7
N=41
39 (95)
60.9 +
10.5
2 (5)

30 (79)

20 (49)
16 (39)
5(12)
26.1+36
1873 %
42.1
18 (44)

131.1+16

77.9 +
10.1
18 (44)

1128 +
20.8
7(17)
2.0 (0.92)
1805.6
(1677.6)

9 (21.9)
27 (65.9)
5(12.2)

P
value?
<0.001
0.449
<0.001

0.001

<0.001

0.575
0.506

0.08

0.563

<0.001

0.754

0.004

0.121

0.604
0.016

0.054

Abbreviations: BMI, body mass index; CVH, Cardiovascular health; LS7, Life's Simple 7; MET,

metabolic equivalent

2 p value by ANOVA for continuous variables and chi-square for categorical variables
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Table 2. Distribution of Life’s Simple 7 metrics by alcohol consumption

Alcohol consumption (number of drinks/week)

Never
N=198
Smoking
Poor 2 (1%)
Intermediate 5 (3%)
Ideal 191 (96%)
Body Mass Index
Poor 32 (16%)
Intermediate 94 (47%)
Ideal 72 (37%)
Total Cholesterol
Poor 13 (6%)
Intermediate 110 (56%)
Ideal 75 (38%)
Blood Pressure
Poor 46 (23%)
Intermediate 97 (49%)
Ideal 55 (28%)
Blood Glucose
Poor 27 (14%)
Intermediate 82 (41%)
Ideal 89 (45%)
Diet Quality
Poor 61 (31%)
Intermediate 130 (66%)
Ideal 7 (3%)
Physical Activity
Poor 28 (14%)
Intermediate 43 (22%)
Ideal 127 (64%)

Former
N=247

5 (2%)
31 (13%)
211 (85%)

43 (18%)
112 (45%)
92 (37%)

24 (10%)
135 (54%)
88 (36%)

62 (25%)
119 (48%)
66 (27%)

43 (17%)
108 (44%)
96 (39%)

69 (28%)
163 (66%)
14 (6%)

28 (11%)
41 (17%)
178 (72%)

1-3
N=147

4 (3%)
32 (22%)
111 (75%)

19 (13%)
63 (43%)
65 (44%)

17 (11%)
79 (54%)
51 (35%)

29 (20%)
78 (53%)
40 (27%)

20 (13%)
57 (39%)
70 (48%)

49 (33%)
91 (62%)
7 (5%)

8 (5%)
23 (16%)
116 (79%)

4-7
N=68

4 (6%)
18 (26%)
46 (68%)

7 (10%)
30 (44%)
31 (46%)

3 (5%)
52 (76%)
13 (19%)

16 (23%)
38 (56%)
14 (21%)

19 (28%)
33 (48%)
16 (24%)

22 (32%)
42 (62%)
4 (6%)

2 (3%)
12 (18%)
54 (79%)

@ P-value compares differences between never, former, 1-3, 4-7 and >7

68

>7
N=41

5 (12%)
16 (39%)
20 (49%)

6 (15%)
19 (46%)
16 (39%)

4 (10%)
25 (61%)
12 (29%)

11 (27%)
23 (56%)
7 (17%)

7 (17%)
28 (68%)
6 (15%)

12 (29%)
28 (68%)
1 (3%)

6 (15%)
5 (12%)
30 (73%)

P
value?

<0.001

0.736

0.044

0.764

<0.01

0.920

0.029



Table 3. Adjusted Multivariable Odds Ratio and 95% CI of association between alcohol
consumption and cardiovascular health

Alcohol Consumption

Model 1@

Never Drinker

Former Drinker

1-3 drinks/week

4-7 drinks/week

>7 drinks/week

Model 2°

Never Drinker

Former Drinker

1-3 drinks/week

4-7 drinks/week

>7 drinks/week

aModel 1 unadjusted

Intermediate vs Poor

Odds Ratio (95% CI)

reference
0.59 (0.30, 1.13)
1.45 (0.60, 3.59)
0.92 (0.34, 2.5)

0.33 (0.13, 0.82)

reference
0.54 (0.26, 1.10)
1.19 (0.45, 3.15)
0.72 (0.24, 2.17)

0.33 (0.11, 0.96)

p-value

<0.001

0.11
0.40
0.87

0.02

<0.001
0.09
0.73
0.56

0.04

®Model 2 adjusted for age, sex, education, and income
OR < lisinterpreted as decreased odds of having an ideal or intermediate cardiovascular

health score

69

Ideal vs Poor
Odds Ratio (95%
Cl)

reference
0.53 (0.25, 1.10)
1.29 (0.49, 3.42)
0.61 (0.19, 1.94)

0.19 (0.05, 0.64)

reference
0.46 (0.20, 1.04)
0.90 (0.31, 2.65)
0.40 (0.11, 1.45)

0.21 (0.05, 0.86)

p-value

<0.001

0.09
0.60
0.40

0.008

<0.001
0.06
0.85
0.16

0.03



Table 4. Adjusted Odds Ratio and 95% CI of association between binge drinking and

cardiovascular health

Binge drinking past
month

Model 12

No (Never) (n=198)
No (current) (n=229)
Yes (n=27)

Model 2°

No (Never) (n=198)
No (current) (n=229)

Yes (n=27)

2Model 1 unadjusted

bModel 2 adjusted for age, sex, education, and income

Intermediate vs Poor

Odds Ratio (95% CI)

reference
0.94 (0.46, 1.92)

0.60 (0.18, 1.97)

reference
1.21 (0.51, 2.86)

0.75 (0.20, 2.83)

p-value

<0.001

0.86
0.40

<0.001

0.66

0.66

Ideal vs Poor
Odds Ratio (95%
CI)

reference
0.80 (0.37, 1.78)

0.08 (0.0, 0.81)

reference
0.85 (0.32, 2.26)

0.10 (0.01, 0.93)

p-value

<0.001

0.60
0.03

<0.001

0.76

0.04

OR < lisinterpreted as decreased odds of having an ideal or intermediate cardiovascular health

score
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Supplemental Material

Table S1. Adjusted Odds Ratio and 95% CI of association between alcohol consumption

and cardiovascular health, by Age

Alcohol
Consumption

Model 12

Never
Drinker

Former
Drinker

1-3
drinks/week
4-7
drinks/week
>7
drinks/week

Model 2°

Never
Drinker

Former
Drinker

1-3
drinks/week
4-7
drinks/week
>7
drinks/week

Intermediate vs
Poor

Ideal vs Poor

Odds Ratio (95% CI)

reference

0.54 (0.18, 1.65)
1.75 (0.40, 7.68)
0.95 (0.17, 5.25)

0.47 (0.08, 2.76)

0.53 (0.16, 1.74)
1.25 (0.26, 5.93)
0.63 (0.10, 4.05)

0.31 (0.04, 2.38)

reference

0.44 (0.13, 1.53)
1.55 (0.31, 7.75)
0.74 (0.11, 4.88)

0.43 (0.06, 2.99)

aModel 1 unadjusted
bModel 2 adjusted for sex, education and income
OR < 1lis interpreted as decreased odds of having an ideal or intermediate cardiovascular health

score

0.37 (0.10, 1.41)
0.89 (0.11, 4.95)
0.37 (0.05, 2.91)

0.26 (0.03, 2.44)

72

Intermediate vs

Poor

>58

Ideal vs Poor

Odds Ratio (95% CI)

reference

0.61 (0.27, 1.38)
1.18 (0.39, 3.65)
0.90 (0.26, 3.11)

0.29 (0.10, 0.86)

0.50 (0.19, 1.32)
1.24 (0.35, 4.44)
0.60 (0.13, 2.71)

0.14 (0.02, 0.78)

reference

0.58 (0.24, 1.44)
0.98 (0.29, 3.38)
0.72 (0.19, 2.78)

0.27 (0.07, 0.99)

0.53 (0.18, 1.55)
1.09 (0.26, 4.51)
0.45 (0.08, 2.55)

0.19 (0.03, 0.95)



Table S2. Adjusted Odds Ratio and 95% CI of association between alcohol consumption
and Life’s simple 7 metrics

Smoking BMI Total Cholesterol | Blood Pressure
Alcohol Ideal vs. Poor Ideal vs. Poor Ideal vs. Poor Ideal vs. Poor
Consumption Odds Ratio (95% CI)
Never reference reference reference reference
Drinker
Former 0.32 (0.13,0.76) | 0.91 (0.60, 0.61 (0.27, 1.38) 0.82 (0.54, 1.23)
Drinker 1.38)
1-3 0.16 (0.06, 0.39) | 1.12(0.70, 1.18 (0.39, 3.65) 0.71 (0.44, 1.16)
drinks/week 1.81)
4-7 0.12 (0.04,0.31) | 1.21(0.66, 0.90 (0.26, 3.11) 0.33 (0.16, 0.66)
drinks/week 2.22)
>7 0.06 (0.02,0.17) | 0.78 (0.36, 0.29 (0.10, 0.86) 0.49 (0.22, 0.98)
drinks/week 1.69)

Blood Glucose Healthy Diet Physical Activity
Alcohol Ideal vs. Poor Ideal vs. Poor Ideal vs. Poor
Consumption Odds Ratio (95% CI)
Never reference reference reference
Drinker
Former 0.78 (0.51,1.19) | 1.55(0.60, 1.33 (0.86, 2.05)
Drinker 4.03)
1-3 1.09 (0.67,1.77) | 1.28 (0.42, 1.67 (0.98, 2.86)
drinks/week 3.96)
4-7 0.34 (0.17,0.69) | 1.20(0.28, 1.67 (0.82, 3.37)
drinks/week 5.15)
>7 0.27 (0.10, 0.71) | 0.77 (0.08, 1.59 (0.67, 3.78)
drinks/week 6.94)

Model adjusted for age, sex, education, and income
OR < 1is interpreted as decreased odds of having an ideal or intermediate cardiovascular health
score
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Table S3. Adjusted Beta-coefficient and 95% CI of association between alcohol
consumption Categories and CVH score

Alcohol Model 1 Model 2
Consumption

Beta-Coefficient (95% p-value Beta-Coefficient (95% p-value

CI) Cl)
Never Drinker reference reference
Former Drinker -0.149 (-0.502, 0.205) 0.41 -0.17 (-0.52, 0.18) 0.35
1-3 drinks/week 0.080 (-0.323, 0.484) 0.70 -0.05 (-0.47, 0.36) 0.80
4-7 drink k 0.06 -0.62 (-1.15, -0.09 .02
drinks/wee -0.511 (-1.033, 0.009) ( ) 00
>7 drinks/week -1.056 (-1.692, -0.419)  0.001 -0.87 (-1.52, -0.21) 0.009

Abbreviations: CVH, Cardiovascular health
Model 1 Unadjusted
Model 2 adjusted for age, sex, race, and income
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