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Association of Alcohol Consumption and Ideal
Cardiovascular Health Among South Asians: The Mediators
of Atherosclerosis in South Asians Living in America
(MASALA) Study
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Needham, and David Herrington

Parag A. Chevli

Background: Observational studies have shown that alcohol consumption above the recommended
limit is associated with increased cardiovascular disease (CVD), although its association in South
Asians is unclear. Less is known regarding the association between alcohol consumption and cardiovas-
cular health (CVH), assessed by the American Heart Association’s Life’s Simple 7 (LS7) health metrics
among those with South Asian ancestry.

Methods: This analysis included 701 participants without CVD from the Mediators of Atheroscle-
rosis in South Asians Living in America (MASALA) cohort (2015 to 2018). Based on a personal history
questionnaire, participants were divided into never, former, and current drinkers. The current drinking
category was further classified into 1 to 3 drinks/wk, 4 to 7 drinks/wk, and >7 drinks/wk. The consump-
tion of 5 or more drinks on 1 occasion in the past month was defined as binge drinking. Each LS7 com-
ponent 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. We use multinomial logistic regres-
sion to examine the association between alcohol consumption and CVH.

Results: In the MASALA cohort (mean age = 59 years, 43% female), participants consuming >7
drinks/wk had the lowest mean CVH score. Compared with never drinkers, male participants consum-
ing >7 drinks/wk were less likely to have intermediate CVH (0.44 [0.08, 0.91]) and ideal CVH (0.23
[0.03, 0.96]). Binge drinking was associated with significantly lower odds of ideal CVH compared with

never drinkers.

Conclusion: We found evidence of an inverse association of moderate to heavy alcohol consumption
and ideal CVH in South Asian men. These findings further underscore the important relationship
between alcohol consumption and CVH in this unique population of South Asians.
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EALTH BEHAVIORS PLAY a significant role in
maintaining and modifying disease processes. While
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some health behaviors may lead to improvement of health,
such as exercise for hypertension (Pescatello et al., 2015),
others can lead to deterioration of health (Kelly and Barker,
2016). Still, other health behaviors can be more complex.
For instance, moderate alcohol consumption is associated
with reduced risk of cardiovascular disease (CVD) and mor-
tality, while excess consumption has been associated with
increased risk (Polsky and Akturk, 2017). A study with more
than 5000 participants with baseline vascular disease or dia-
betes revealed a U-shaped relationship between alcohol con-
sumption and all-cause mortality, vascular mortality, and
amputation. It also showed that compared with abstainers, 1
to 2 alcoholic drinks per day was associated with reduced all-
cause mortality, vascular death, the risk of congestive heart
disease, and stroke (Beulens et al., 2010). Despite multiple
studies revealing the benefits of low to moderate alcohol con-
sumption, a recent analysis from the study of nearly 600,000
individuals revealed that more than 1 drink per day was asso-
ciated with increased all-cause mortality (Wood et al., 2018).
A systematic review and meta-regression analysis, including
28 million individuals aged 15 to 49 years, demonstrated that
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the risk of all-cause mortality increased with increasing levels
of alcohol consumption, and the level of consumption that
minimized health loss was zero standard drinks/wk (Gris-
wold et al., 2018). An explanation for these conflicting results
is unclear. Randomized controlled trials assessing the causal-
ity of alcohol and cardiovascular disease are impossible to
perform. However, a recent Mendelian randomization study
provides evidence of a causal relationship between higher
alcohol consumption and increased risk of stroke and
peripheral artery disease (Larsson et al., 2020).

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 cardio-
vascular 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 (LS7) which is a combination of health risk
behaviors and intermediate measures of CVD (Lloyd-Jones
et al., 2010). Alcohol consumption can have a differential
effect on these behaviors and measures of CVD. The cardio-
protective effect of alcohol via increased HDL is well estab-
lished; however, there is weak evidence on its effect on other
lipid components (Rimm et al., 1999). A sample of adults rep-
resentative of the U.S. population suggested that alcohol con-
sumption and physical activity are positively correlated
(French et al., 2009). A study of more than 15,000 U.S. adults
found that increased alcohol consumption was associated
with decreased diet quality (Breslow et al., 2010). While low
to moderate alcohol consumption is associated with lower
diabetes risk, heavy alcohol consumption has been linked to
higher blood glucose levels (Gerard et al., 1977; Koppes
et al., 2005). The studies examining the association between
alcohol and BMI have shown conflicting results (Shelton and
Knott, 2014; Traversy and Chaput, 2015). Numerous studies,
including meta-analysis, have established the association
between excessive alcohol consumption and HTN (Briasoulis
et al., 2012; Fuchs et al., 2001). However, there are conflicting
reports of the association of mild to moderate alcohol con-
sumption with HTN (Aladin et al., 2019; Criqui et al., 1981;
Klatsky et al., 1977; Santana et al., 2018). Rather than focus-
ing on individual measures, our study examines the relation-
ship between alcohol and LS7, which allows us to explore the
association between alcohol and combined measures of
behavioral and cardiovascular health factors.

The population of South Asians is rapidly growing in the
United States, and their high risk of CVD is unable to be
accounted for by traditional risk factors alone (Kanaya
et al., 2013). Given the size of their population, the high inci-
dence of CVD in this ethnic group presents a major public
health crisis. For many years, researchers have examined
Asians as a unitary ethnicity; nevertheless, studies have
shown that South Asians have a higher risk of CVD than
other Asian groups (Volgman et al., 2018). A recent AHA
review concluded that a majority of the CVD risk in South
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Asian can be explained by the increased prevalence of known
risk factors and that no unique risk factors have been found
in this population(Volgman et al., 2018). Even though there
are high CVD event rates in South Asians, only a few
prospective cohort studies in the world have focused on
determining the risk factors associated with CVD. The car-
dioprotective effects of low to moderate alcohol consump-
tion vary substantially among different ethnicities/races
(Kerr et al., 2011). Low to moderate alcohol consumption
was found to be associated with a lower risk of all-cause
mortality among Caucasian and Hispanic but not among the
Chinese or Indian population (Kerr et al., 2011; O’Keefe
et al., 2018; Yusuf et al., 2004). The studies examining the
relationship between alcohol consumption and subclinical
atherosclerosis among different ethnicities/races have also
shown inconsistent results (McClelland et al., 2008; Pletcher
et al., 2005). A recent study from the South Asian population
found different associations of alcohol consumption with
surrogate markers of subclinical atherosclerosis (Chevli
et al., 2020). Thus, studies to increase our understanding of
the association of alcohol consumption with health behav-
iors factors affecting CVD are of paramount importance.
From public health perspectives, achieving and maintaining
cardiovascular health behaviors and factors in South Asians
could have significant effects on reducing CVD incidence
and mortality. Very few studies have examined alcohol con-
sumption and its association with cardiovascular health
(CVH) using LS7 metrics, of which none included South
Asian participants (Ogunmoroti et al., 2019; Piano et al.,
2018). The Mediators of Atherosclerosis in South Asians
Living in America (MASALA) study is the only longitudinal
study of South Asians in the United States and can con-
tribute to the knowledge of the association of alcohol con-
sumption and other health behaviors that can influence
cardiac risk. The objective of this cross-sectional study from
the MASALA cohort was to examine the association
between alcohol consumption and ideal cardiovascular
health using AHA’s LS7 metrics among asymptomatic South
Asians age 45 to 90 years in the United States. We postu-
lated that higher alcohol consumption would be inversely
associated with ideal CVH.

MATERIALS AND METHODS
Study Participants

The original MASALA study eligibility and recruitment methods
have been reported previously (Kanaya et al., 2013). The MASALA
study is a community-based prospective cohort study of South
Asian men and women, free of CVD at baseline, recruited from 2
clinical sites (San Francisco Bay Area at the University of Califor-
nia, San Francisco, and the greater Chicago area at Northwestern
University). A total of 906 South Asians were enrolled between
October 2010 and March 2013. From September 2015 through
March 2018, all surviving cohort participants were invited for the
second clinical examination, and 749 (83%) participants completed
this examination (Kanaya et al., 2019). We decided to use more
recent data from the second clinical examination. The analytical
sample was 701 after the exclusion of 48 participants with missing
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data for 1 or more LS7 metrics. The institutional review boards of
the University of California, San Francisco, and Northwestern
University approved the protocol.

Alcohol Consumption

Alcohol consumption was assessed based on the personal history
questionnaire. Each participant was asked, “Have you ever con-
sumed alcoholic beverages?” If yes, then the following question was,
“Do you presently drink alcoholic beverages?” The answers given to
these 2 questions, categorized each participant into 3 categories: (1)
never; (2) former; and (3) current drinkers. Current and former drin-
kers were asked, “For how many years did you drink alcoholic bev-
erages?” Besides, they were asked about the usual number of drinks
consumed per week (before they stopped drinking if they were for-
mer drinkers). These questions were used to make mutually exclu-
sive categories of current drinkers as (1) 1 to 3 drinks/wk; (2) 4 to 7
drinks/wk; and (3) >7 drinks/wk. Also, 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.
Participants were classified as binge drinkers if they had con-
sumed > 5 drinks in a single day in the past month. (Chevli et al.,
2020; Kanaya et al., 2013).

Life’s Simple 7 Metrics

AHA'’s LS7 metrics include 7 health behaviors and factors (Tale-
gawkar et al., 2017; Lloyd-Jones et al., 2010). An automated blood
pressure monitor (V100 Vital sign monitor, GE Medical Systems,
Fairfield, CT) was used to measure resting blood pressure three
times in the seated position, and the average of the last two readings
was used for analysis. Total Cholesterol was measured using enzy-
matic methods, and the hexokinase method was used to measure
fasting plasma glucose. Typical Week’s Activity Survey was used to
assess the frequency of various physical activities, including walking
for exercise, dance, conditional activities, and sports, and the Meta-
bolic Equivalents (METs) of each activity were calculated (Ains-
worth et al., 1999). We used the time spent in activities identified as
either vigorous (>6 METs) or moderate (3 to 6 METS) in the deriva-
tion. The average time per week spent in all activities at either a vig-
orous or moderate level was computed for each participant, and
participants were then categorized based on the AHA criteria
(Lloyd-Jones et al., 2010). The assessment of dictary intake was
based on the Study of Health Assessment and Risk in Ethnic groups
(SHARE) food frequency questionnaire (FFQ), which has been
developed and validated for South Asians in Canada (Kelemen
et al., 2003). A healthy diet contained adequate quantities of 5 items
(fruits and vegetables, fish, whole grains, sodium, and sugar-sweet-
ened beverages), as defined by the AHA. Height was measured
using a stadiometer, and weight was measured using a standard bal-
ance-beam scale or a digital weighing scale. The BMI was calculated
using weight (in kilograms) divided by height (in meters squared).
The assessment of smoking status was based on a questionnaire
(Kanaya et al., 2013). The details of the assessment of AHA’s LS7
components are shown in Table S1.

A point score of 0, 1, or 2 was given to each LS7 metric to repre-
sent poor, intermediate, or ideal health, respectively (Lloyd-Jones
et al., 2010). The sum of the individual metric scores was used to
derive an overall CVH score, which could range from 0 to 14. The
CVH score was classified as poor (0 to 6), intermediate (7 to 10), or
ideal (11 to 14) CVH.

Measurement of Covariates

Using standard questionnaires administered by trained interview-
ers, information on age, sex, education, and family income was
obtained. We categorized education as having > Bachelor’s degree
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or < Bachelor’s degree. Family income was categorized as having
>$75,000 or <$75,000 annually.

Statistical Analysis

The characteristics of the study population were compared across
the categories of alcohol consumption (never drinker, former drin-
ker, 1 to 3 drinks/wk, 4 to 7 drinks/wk, and >7 drinks/wk). We sum-
marized categorical variables as number (percentages) and
continuous variables as mean (standard deviation) or median (in-
terquartile range) depending on the normality of the data. To com-
pare the baseline characteristics, we used analysis of variance
(ANOVA) for continuous variables and the chi-square test for cate-
gorical variables.

The prevalence of each LS7 metric was reported by alcohol con-
sumption categories. We used multinomial logistic regression mod-
els to examine the cross-sectional association between alcohol
consumption categories and CVH. Odds ratios (ORs) and 95% Cls
were calculated for intermediate CVH score (7 to 10) and ideal
CVH score (11 to 14) across the categories of alcohol consumption.
Model 1 was unadjusted, and model 2 was adjusted for age, sex,
education, and family income. The reference groups were “never”
categories for alcohol consumption and binge drinking (McClelland
et al., 2008) and poor score for CVH categories (Ogunmoroti et al.,
2019). We also examined the association between alcohol consump-
tion categories and each LS7 metric as ideal or non-ideal (intermedi-
ate and poor) using binomial logistic regression analysis. Moreover,
we examined whether age or sex modified the associations between
alcohol consumption and CVH by inserting an interaction term in
model 2.

Additionally, we performed subgroup analysis stratified by age
(using 58 years as a cut point) and sex. A two-sided p-value
of < 0.05 was considered statistically significant, and all statistical
analyses were performed using SAS version 9.4 (SAS Institute Inc.,
Cary, NC).

RESULTS

The baseline characteristics of the MASALA participants
by alcohol consumption categories are shown in Table 1.
Among 701 participants included in the analysis (aged
59 + 9 years, 43% women), 198 (28%) were never drin-
kers, 247 (35%) were former drinkers, and 256 (37%) were
current drinkers. Of the current drinkers, 147 (57%)
reported consuming 1 to 3 drinks/wk, 68 (27%) reported
consuming 4 to 7 drinks/wk, and 41 (16%) reported con-
suming >7 drinks/wk. 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 interme-
diate CVH. Of note, only 5% of the female participants
consumed >7 drinks/wk. Figure 1 displays the mean CVH
score by alcohol consumption categories. Participants con-
suming >7 drinks/wk as well as those with binge drinking
had lower mean CVH scores.

Table 2 shows the distribution of LS7 metrics by alcohol
consumption categories. The proportion of participants con-
suming >7 drinks/wk who met the ideal criteria for smoking,
total cholesterol, and blood glucose were significantly lower
compared with never drinkers. For the overall cohort, only
4% of the participants met the ideal criteria for diet. Interest-
ingly, the proportion of never drinkers who met the ideal
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Table 1. Baseline Characteristics of MASALA Participants, 2015 to 2018

Alcohol consumption (number of drinks/wk)

Characteristics Never Former 1t03 4t07 >7
Mean + SD or No. (%) N =198 N = 247 N =147 N =68 N =41 p-value®
Male, N (%) 61(30.8) 141 (57.1) 98 (66.7) 53(77.9) 39 (95.1) <0.001
Age (years) 60 + 9.2 59.3 + 9.1 584 + 9.8 58.9 + 8.3 60.9 + 10.5 0.449
Education < Bachelor’s degree (%) 39(19.7) 20(8.1) 8(5.4) 6(8.9) 2(4.9) <0.001
Family Income > $75,000 per year (%) 126 (67) 193 (79) 118(82) 59 (88) 30(79) 0.001
LS 7 metrics
Smoker Status, No. (%)
Never 191 (96.5) 211 (85.4) 111 (75.5) 46 (67.7) 20 (48.8) <0.001
Former 5(2.5) 31(12.6) 32(21.8) 18 (26.5) 16 (39)
Current 2(1) 5(2) 4(2.7) 4(5.9) 5(12.2)
BMI (kg/mz) 264 + 4 26.8 + 4.2 26.4 + 4.3 26.1 £ 3.3 26.1 £ 3.6 0.575
Total cholesterol (mg/dL) 189 + 38 184 + 43 189 + 41 182 + 37 187 + 42 0.506
Lipid-lowering medications, No. (%) 59 (29.8) 80 (32.4) 45 (30.6) 31 (45.6) 18(43.9) 0.08
Systolic blood pressure (mm Hg) 127 £ 19 127 £ 18 127 £ 18 130 £ 13 131 £ 16 0.563
Diastolic blood pressure (mm Hg) 74 +£ 10 75+ 10 76 + 9 78 £ 9 78 £ 10 <0.001
Antihypertensive medications, No. (%) 66 (33.3) 89 (36) 54 (36.7) 26 (38.2) 18(43.9) 0.754
Fasting blood glucose (mg/dl) 108 + 25 110 + 24 105 + 18 117 + 26 113 + 21 0.004
Diabetic medications, N (%) 31(15.7) 60 (24.3) 25(17) 17 (25) 7(17.1) 0.121
Diet Score 2.06 + 0.91 2.12 + 0.90 1.99 + 0.90 1.99 + 0.91 2.0+ 0.92 0.604
Physical activity (MET-min per week) 1295 + 1299 1545 + 1537 1621 + 1235 1912 + 1633) 1806 + 1678 0.016
CVH Score, N (%)
Poor (0 to 6) 15(7.6) 31(12.6) 8(5.4) 6(8.8) 9(21.9) 0.054
Intermediate (7 to 10) 138 (69.7) 167 (67.6) 108 (73.5) 51(75) 27 (65.9)
Ideal (11 to 14) 45(22.7) 49(19.8) 31(21.1) 11(16.2) 5(12.2)

BMI, body mass index; CVH, cardiovascular health; LS7, Life’s Simple 7; MET, metabolic equivalent.
@p-value by ANOVA for continuous variables and chi-square test for categorical variables
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Fig. 1. Mean CVH score (and SE) for alcohol consumption categories. [Color figure can be viewed at wileyonlinelibrary.com]

criteria for the physical activity was lower than that for cur- CVH, as shown in Table 3. For the multivariable model,
rent drinkers who consumed more than 7 drinks/wk. alcohol consumption of >7 drinks/wk was associated with

Using multinomial logistic regression, we examined the lower odds of having intermediate (odds ratio [OR] (95%
association between levels of alcohol consumption and CI):0.31 (0.10 to 0.93), p = 0.037) or ideal (odds ratio [OR]
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Table 2. Distribution of Life’s Simple 7 Metrics by Alcohol Consumption
Alcohol consumption (number of drinks/wk)
Never Former 1t03 4t07 >7
N =198 N = 247 N =147 N = 68 N =41 p-value®
Smoking
Poor 2 (1%) 5 (2%) 4 (3%) 4 (6%) 5(12%) <0.001
Intermediate 5 (3%) 31 (13%) 32 (22%) 18 (26%) 16 (39%)
Ideal 191 (96%) 211 (85%) 111 (75%) 46 (68%) 20 (49%)
Body Mass Index
Poor 32 (16%) 43 (18%) 19 (13%) 7 (10%) 6 (15%) 0.736
Intermediate 94 (47%) 112 (45%) 63 (43%) 30 (44%) 19 (46%)
Ideal 72 (37%) 92 (37%) 65 (44%) 31 (46%) 16 (39%)
Total cholesterol
Poor 13 (6%) 24 (10%) 17 (11%) 3 (5%) 4 (10%) 0.044
Intermediate 110 (56%) 135 (54%) 79 (54%) 52 (76%) 25 (61%)
Ideal 75 (38%) 88 (36%) 51 (35%) 13 (19%) 12 (29%)
Blood pressure
Poor 46 (23%) 62 (25%) 29 (20%) 16 (23%) 11 (27%) 0.764
Intermediate 97 (49%) 119 (48%) 78 (53%) 38 (56%) 23 (56%)
Ideal 55 (28%) 66 (27%) 40 (27%) 14 (21%) 7 (17%)
Blood glucose
Poor 27 (14%) 43 (17%) 20 (13%) 19 (28%) 7 (17%) <0.01
Intermediate 82 (41%) 108 (44%) 57 (39%) 33 (48%) 28 (68%)
Ideal 89 (45%) 96 (39%) 70 (48%) 16 (24%) 6 (15%)
Diet quality
Poor 61 (31%) 69 (28%) 49 (33%) 22 (32%) 12 (29%) 0.920
Intermediate 130 (66%) 163 (66%) 91 (62%) 42 (62%) 28 (68%)
Ideal 7 (3%) 14 (6%) 7 (5%) 4 (6%) 1(3%)
Physical activity
Poor 28 (14%) 28 (11%) 8 (5%) 2 (3%) 6 (15%) 0.029
Intermediate 43 (22%) 41 (17%) 23 (16%) 12 (18%) 5(12%)
Ideal 127 (64%) 178 (72%) 116 (79%) 54 (79%) 30 (73%)

Bold values suggest that p-value is statistically significant.

@p-value by ANOVA for continuous variables and chi-square test for categorical variables.

(95% CI1):0.14 (0.03 to 0.60), p = 0.008) CVH compared with
never drinkers. Table 4 shows the association between binge
drinking in the past month and CVH. Compared with never
drinkers, participants who reported binge drinking had sig-
nificantly lower odds of having ideal CVH (odds ratio [OR]
(95% CI): 0.03 (0.003 to 0.36), p = 0.005). In age-stratified
analysis (Table S2), those who were > 58 years and con-
sumed >7 drinks/wk had 74% lower odds of having interme-
diate CVH, and 88% lower odds of having ideal CVH,
compared with never drinkers. There was no significant asso-
ciation between alcohol consumption and CVH in those who
were < 58 years. Evaluation of the association by sex was
limited by sample size, especially among women (Table S3).
Men with alcohol consumption of >7 drinks/wk had 77%
lower odds of having ideal CVH and 56% lower odds of hav-
ing intermediate CVH.

We also examined the association between alcohol con-
sumption and individual LS7 metrics (Table S4). Regardless
of the category of alcohol consumption, participants had
lower odds of achieving the ideal criteria for smoking com-
pared with never drinkers. Participants consuming >7
drinks/wk had 71% lower odds of having ideal criteria for
total cholesterol. Also, those who reported 4 to 7 and >7
drinks/wk had lower odds of achieving ideal blood pressure
and blood glucose criteria.

Table 3. Multivariable Odds Ratio and 95% CI of Association Between
Alcohol Consumption and Cardiovascular Health

Intermediate vs.
Poor Ideal vs. Poor

Alcohol QOdds ratio (95% p- QOdds ratio (95% p-
consumption Cl) value Cl) value
Model 12

Never drinker reference reference

Former drinker ~ 0.59(0.30,1.13)  0.11 0.53(0.25,1.10) 0.09

1to3drinks/wk  1.46(0.60,3.59) 0.40 1.29(0.49,3.42) 0.60

4 to 7 drinks/wk  0.92 (0.34, 2.5) 0.88 0.61(0.19,1.94) 0.40

>7 drinks/wk 0.33(0.13,0.82) 0.017 0.19(0.05,0.64) 0.008
Model 2°

Never drinker reference reference

Former drinker ~ 0.53(0.26,1.10) 0.09 0.46(0.18,1.15) 0.10

1to 3drinks/wk  1.17(0.44,3.11)  0.76  0.93(0.29,3.00) 0.90

4to7drinks/wk  0.71(0.24,2.15)  0.55  0.36 (0.09, 1.51) 0.16

>7 drinks/wk 0.31(0.10,0.93) 0.037 0.14(0.03,0.60) 0.008

OR < 1 is interpreted as lower odds of having an ideal or intermediate
cardiovascular health score.

#Model 1 unadjusted.

PModel 2 adjusted for age, sex, education, and income.

We formally tested for the interaction of the associations
by sex and age, even though results were stratified given a
priori interest in the relation of alcohol consumption and
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Table 4. Multivariable Odds Ratio and 95% ClI of association between binge drinking and cardiovascular health

Intermediate vs. poor Ideal vs. Poor

Binge drinking past month Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
Model 12

No (Never) (n = 198) reference reference

No (Current) (n = 229) 0.94 (0.46, 1.92) 0.86 0.80(0.37,1.78) 0.60

Yes (n = 27) 0.60 (0.18, 1.97) 0.40 0.08 (0.01, 0.81) 0.03
Model 2°

No (Never) (n = 198) reference reference

No (current) (n = 229) 0.75(0.34, 1.67) 0.49 0.46 (0.17, 1.20) 0.11

Yes (n = 27) 0.39(0.11, 1.38) 0.14 0.03 (0.003, 0.36) 0.005

Binge drinking was defined as > 5 drinks in a single day in the past month.

No (Never) No binge drinking and never drinkers; No (Current): No binge drinking and current drinkers; Yes: Binge drinking and current drinkers.
OR < 1isinterpreted as lower odds of having an ideal or intermediate cardiovascular health score.

#Model 1 unadjusted.
®Model 2 adjusted for age, sex, education, and income.

CVH among subgroups. For the CVH scores, we did not
find any significant interaction for alcohol consumption with
sex or age.

DISCUSSION

This United States community-based population study of
CVD-free South Asians revealed several important findings.
First, compared with never drinkers, participants consuming
>7 drinks/wk were less likely to achieve intermediate or ideal
CVH. Second, participants had lower odds of having ideal
CVH if they reported binge drinking in the past month com-
pared with never drinkers. Third, participants who con-
sumed >7 drinks/wk were less likely to achieve ideal criteria
for smoking, total cholesterol, blood pressure, and blood
glucose compared with never drinkers.

Although multiple epidemiological studies have explored
the connection between alcohol consumption and CVD
(O’Keefe et al., 2007; O’Keefe et al., 2018; Rimm et al., 1999;
Zhao et al., 2017), very few studies have examined the con-
nection between alcohol consumption and CVH. A recent
study from the Multi-Ethnic Study of Atherosclerosis
(MESA) (Ogunmoroti et al., 2019) showed that compared
with never drinkers, participants consuming >14 drinks/wk
were less likely to have intermediate and ideal CVH. In com-
parison with the MESA study, our study found that alcohol
consumption of >7 drinks/wk was associated with lower
odds of achieving intermediate or ideal CVH in South
Asians. We could not examine the association of >14 drinks/
wk with CVH as very few participants in the MASALA
cohort had drinking frequency in that range. Similar to our
results, binge drinking in the MESA participants was also
associated with unfavorable CVH. Moreover, the findings of
an inverse relationship between heavy drinking and ideal
CVH, as well as binge drinking, remained consistent
throughout different racial/ethnic groups in the MESA. The
cardioprotective effect of light or moderate drinking was
found to be inconsistent among the different races and eth-
nicities (Halanych et al., 2010; Nunez-Cordoba et al., 2009;
Schooling et al., 2008). The INTERHEART study, which

included 27,000 people from 50 different countries, revealed
regular alcohol intake reduced the risk of MI by 14%; how-
ever, this beneficial association was not evident in the Indian
cohort (Yusuf et al., 2004). Our study also did not show any
protective association between light drinking and CVH or
any of the seven individual components of LS7 in this South
Asian population. However, this could be due to a small
sample size of our study.

In an age-stratified analysis, we found that among partici-
pants who consumed >7 drinks/wk, participants who
were > 58 years had a lower odds of having intermediate
and ideal CVH, but the association was not significant for
those < 58 years. This is in contrast with the results from
MESA, where the inverse relationship of higher alcohol con-
sumption with ideal CVH was consistent among
those < 65 years and > 65 years. The finding of lower odds
of achieving intermediate or ideal CVH among older cohort
with consumption of >7 drinks/wk could be due to the inabil-
ity to maintain a healthy lifestyle or due to a higher preva-
lence of cardiovascular risk factors.

Health behaviors are influenced by an individual’s “mo-
tives, self-regulation, resources, habits, and environmental
and social influences (Kwasnicka et al., 2016).” Similarly,
health behaviors can often influence other health behaviors.
Regardless of the level of alcohol consumption, participants
failed to achieve ideal criteria for smoking compared with
never drinkers. Alcohol consumption has been shown to be
associated with increased smoking behavior (King et al.,
2009; McKee et al., 2006). Not only has alcohol been shown
to reduce smoking resistance in an inverse dose-dependent
fashion (Kahler et al., 2014), it has also been shown to be
associated with more tobacco use on heavy drinking days
(Jackson et al., 2013). One study showed that tobacco use
was more prominent after approximately 3 drinks (Harrison
and Mckee, 2008). Moderate alcohol consumption is associ-
ated with increased high-density lipoprotein (HDL) choles-
terol (Rimm et al., 1999). However, studies have also shown
that heavy alcohol consumption may increase low-density
lipoprotein (LDL) and triglyceride levels (Wakabayashi,
2013). We found that MASALA participants with >7 drinks/
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wk were less likely to have ideal total cholesterol. This find-
ing could be due to an increase in HDL, LDL, or triglyc-
eride. Our study showed that consumption of 4 to 7 drinks/
wk and >7 drinks/wk was associated with lower odds of
achieving ideal blood pressure. A recent systematic review
and dose-response meta-analysis conducted to examine the
association between alcohol consumption and incident
hypertension found that, regardless of gender, no quantity of
alcohol consumption was associated with reduced risk of
developing hypertension (Roerecke et al., 2018). Alcohol-in-
duced hypertension is thought to be caused by the actions of
angiotensin I on the endothelium resulting in inflammation
and inhibition of endothelium-dependent nitric oxide pro-
duction, which leads to loss of endothelial relaxation and ele-
vated blood pressure (Husain et al., 2014). We also found
that consuming >7 alcoholic drinks/wk had 73% lower odds
of having ideal blood glucose levels. Most alcoholic bever-
ages have very high amounts of sugar. Alcohol-induced
increase in blood glucose levels may result from its adverse
effect on insulin secretion and insulin resistance (Emanuele
et al., 1998). The systematic review and meta-analysis of 20
studies found a U-shaped relationship between average
amount of alcohol consumed per day and risk of incident
type 2 diabetes (Baliunas et al., 2009). The published litera-
ture has reported a positive relationship between physical
activity and alcohol consumption (Dodge et al., 2017). For
MASALA participants, we did not find any significant asso-
ciation between alcohol consumption and physical activity.
The studies examining the association between alcohol con-
sumption and body weight have revealed conflicting evi-
dence. Overall, the majority of studies suggest that light to
moderate alcohol consumption is not associated with weight
gain, while heavy consumption is associated with weight gain
(Traversy and Chaput, 2015). There was no association
between alcohol consumption and BMI in MASALA partic-
ipants. A cross-sectional study of 3,729 participants exam-
ined the association between alcohol and diet quality
measured by the Healthy Eating Index (HEI) (Breslow et al.,
2006). The results demonstrated that as the quantity of alco-
hol consumption increased from 1 to > 3 drinks/day, diet
quality worsened. However, there was no association
between alcohol consumption and diet quality in our study.
From a public health perspective, we found no evidence of
the benefit of low or moderate alcohol use among South
Asian men and women. Moreover, among South Asian men
with >7 drinks/wk, there was some evidence of harm with
respect to CVH. Alcohol consumption guidelines vary sub-
stantially across different countries (Kalinowski and Hum-
phreys, 2016). The current drinking guidelines in the United
States are based on research that did not include people of
South Asian descent. Further research is needed to under-
stand whether the current recommendations also apply to
this group, which may have different behavioral patterns
with respect to alcohol use. A study from the National Epi-
demiologic Survey of Alcohol and Related Conditions,
including 952 Asian American adults, demonstrated that
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ethnic drinking cultures might significantly influence alcohol
use (Cook et al., 2012). Also, the pattern of alcohol con-
sumption among South Asians is impacted by religious pro-
hibitions against alcohol use and gender norms that
discourage drinking among women (Chowdhury et al.,
2006). A better understanding of the pattern of alcohol con-
sumption, the factor influencing alcohol use and its effect on
CVH, would help design policies and interventions for this
rapidly growing population.

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 cardiovascular disease,
among other chronic diseases. Key variables were obtained
using validated instruments in a culturally sensitive manner
in the MASALA study, including diet. 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 obtained from only 2
United States geographic centers, which limits the generaliz-
ability of the findings. We were unable to make inferences
regarding women with >7 drinks/wk consumption and for
binge drinking, given the small sample sizes in these cate-
gories. Alcohol consumption was based on questionnaire
responses, and this may have led to the underreporting of the
quantity of alcohol consumed by study participants. This, in
turn, could attenuate the association due to misclassification.
Lastly, we adjusted for several confounders, but there
remains a possibility of residual confounding. For example,
the observed association between alcohol consumption and
CVH could be attributable to an unadjusted dietary pattern
that is dependent on alcohol intake.

CONCLUSION

We observed an inverse association between alcohol con-
sumption and CVH in South Asian men. These results fur-
ther highlight the importance of healthy behaviors in
maintaining ideal CVH. Future research can focus on the
impact of these healthy behaviors on CVD and examine the
association between alcohol consumption and incident CVD
in the MASALA cohort.

ACKNOWLEDGMENTS

We thank all the participants, other investigators, and the
staff of the MASALA Study for their valuable contribution.
The MASALA study was supported by the NIH grant num-
bers 1ROTHL093009, 2ROTHL093009, and ROIHL120725.
Data collection at UCSF was also supported by UCSF-CTSI
grant numbers UL1RR024131 and ULI1TRO001872, and
P30DK098722. The funding body played no role in the
design of the study, data collection, and analysis,



1832

interpretation of data, or in writing the manuscript. I certify
that any/all financial and material support for this research
and work are identified in the Funding section of this manu-
script.

CONFLICTS OF INTEREST

All authors have no personal or funding conflicts of
interest.

REFERENCES

Ainsworth BE, Irwin ML, Addy CL, Whitt MC, Stolarczyk LM (1999)
Moderate physical activity patterns of minority women: the Cross-Cul-
tural Activity Participation Study. J Womens Health Gend Based Med
8:805-813.

Aladin A, Chevli P, Ahmad MI, Rasool S, Herrington D (2019) Alcohol con-
sumption and risk of hypertension. J Am Coll Cardiol 73:12.

Baliunas DO, Taylor BJ, Irving H, Roerecke M, Patra J, Mohapatra S,
Rehm J (2009) Alcohol as a risk factor for type 2 diabetes A systematic
review and meta-analysis. Diabetes Care 32:2123-2132.

Beulens JWJ, Algra A, Soedamah-Muthu SS, Visseren FLJ, Grobbee
DE, van der Graaf Y, Grp SS (2010) Alcohol consumption and risk
of recurrent cardiovascular events and mortality in patients with clini-
cally manifest vascular disease and diabetes mellitus: The Second
Manifestations of ARTerial (SMART) disease study. Atherosclerosis
212:281-286.

Breslow RA, Guenther PM, Juan WY, Graubard BI (2010) Alcoholic bever-
age consumption, nutrient intakes, and diet quality in the US Adult Popu-
lation, 1999-2006. J Am Diet Assoc 110:551-562.

Breslow RA, Guenther PM, Smothers BA (2006) Alcohol drinking patterns
and diet quality: the 1999-2000 National Health and Nutrition Examina-
tion Survey. Am J Epidemiol 163:359-366.

Briasoulis A, Agarwal V, Messerli FH (2012) Alcohol consumption and the
risk of hypertension in men and women: a systematic review and meta-
analysis. J Clin Hypertens (Greenwich) 14:792-798.

Chevli PA, Aladin Al Kanaya AM, Kandula NR, Malaver D, Herrington
DM (2020) Alcohol consumption and subclinical atherosclerosis among
South Asians: findings from the Mediators of Atherosclerosis in South
Asians Living in America (MASALA) study. Nutr Metab Cardiovasc Dis
30:123-131.

Chowdhury AN, Ramakrishna J, Chakraborty AK, Weiss MG (2006) Cul-
tural context and impact of alcohol use in the Sundarban Delta, West Ben-
gal, India. Soc Sci Med 63:722-731.

Cook WK, Mulia N, Karriker-Jaffe K (2012) Ethnic drinking cultures and
alcohol use among Asian American adults: findings from a National Sur-
vey. Alcohol Alcohol 47:340-348.

Criqui MH, Wallace RB, Mishkel M, Barrett-Connor E, Heiss G (1981)
Alcohol consumption and blood pressure. The lipid research clinics preva-
lence study. Hypertension 3:557-565.

Dodge T, Clarke P, Dwan R (2017) The relationship between physical activ-
ity and alcohol use among adults in the United States: a systematic review
of the literature. American Journal of Health Promotion 31:97-108.

Emanuele NV, Swade TF, Emanuele MA (1998) Consequences of alcohol
use in diabetics. Alcohol Health & Research World 22:211-219.

French MT, Popovici I, Maclean JC (2009) Do alcohol consumers exercise
more? Findings From a National Survey. American Journal of Health
Promotion 24:2-10.

Fuchs FD, Chambless LE, Whelton PK, Nieto FJ, Heiss G (2001) Alcohol
consumption and the incidence of hypertension — The Atherosclerosis Risk
in Communities Study. Hypertension 37:1242-1250.

Gerard MJ, Klatsky AL, Siegelaub AB, Friedman GD, Feldman R (1977)
Serum glucose levels and alcohol-consumption habits in a large popula-
tion. Diabetes 26:780-785.

CHEVLIET AL.

Griswold MG, Fullman N, Hawley C, Arian N, Zimsen SRM, Tymeson
HD, Venkateswaran V, Tapp AD, Forouzanfar MH, Salama JS, Abate
KH, Abate D, Abay SM, Abbafati C, Abdulkader RS, Abebe Z, Aboyans
V, Abrar MM, Acharya P, Adetokunboh OO, Adhikari TB, Adsuar JC,
Afarideh M, Agardh EE, Agarwal G, Aghayan SA, Agrawal S, Ahmed
MB, Akibu M, Akinyemiju T, Akseer N, Asfoor DHA, Al-Aly Z, Alah-
dab F, Alam K, Albujeer A, Alene KA, Ali R, Ali SD, Alijanzadeh M,
Aljunid SM, Alkerwi A, Allebeck P, Alvis-Guzman N, Amare AT,
Aminde LN, Ammar W, Amoako YA, Amul GGH, Andrei CL, Angus C,
Ansha MG, Antonio CAT, Aremu O, Arnlov J, Artaman A, Aryal KK,
Assadi R, Ausloos M, Avila-Burgos L, Avokpaho EFGA, Awasthi A,
Ayele HT, Ayer R, Ayuk TB, Azzopardi PS, Badali H, Badawi A, Banach
M, Barker-Collo SL, Barrero LH, Basaleem H, Baye E, Bazargan-Hejazi
S, Bedi N, Bejot Y, Belachew AB, Belay SA, Bennett DA, Bensenor IM,
Bernabe E, Bernstein RS, Beyene AS, Beyranvand T, Bhaumik S, Bhutta
ZA, Biadgo B, Bijani A, Bililign N, Birlik SM, Birungi C, Bizuneh H, Bjer-
regaard P, Bjorge T, Borges G, Bosetti C, Boufous S, Bragazzi NL, Bren-
ner H, Butt ZA (2018) Alcohol use and burden for 195 countries and
territories, 1990-2016: a systematic analysis for the Global Burden of Dis-
ease Study 2016. Lancet 392:1015-1035.

Halanych JH, Safford MM, Kertesz SG, Pletcher MJ, Kim YT, Person SD,
Lewis CE, Kiefe CI (2010) Alcohol consumption in young adults and inci-
dent hypertension: 20-year follow-up from the coronary artery risk devel-
opment in young adults study. Am J Epidemiol 171:532-539.

Harrison ELR, McKee SA (2008) Young adult non-daily smokers: patterns
of alcohol and cigarette use. Addict Behav 33:668-674.

Husain K, Ansari RA, Ferder L (2014) Alcohol-induced hypertension: mech-
anism and prevention. World J Cardiol 6:245-252.

Jackson KM, Rohsenow DIJ, Piasecki TM, Howland J, Richardson AE
(2013) Role of Tobacco Smoking in Hangover Symptoms Among Univer-
sity Students. Journal of Studies on Alcohol and Drugs 74:41-49.

Kahler CW, Metrik J, Spillane NS, Day A, Leventhal AM, McKee SA,
Tidey JW, McGeary JE, Knopik VS, Rohsenow DJ (2014) Acute effects of
low and high dose alcohol on smoking lapse behavior in a laboratory ana-
logue task. Psychopharmacology 231:4649-4657.

Kalinowski A, Humphreys K (2016) Governmental standard drink defini-
tions and low-risk alcohol consumption guidelines in 37 countries. Addic-
tion 111:1293-1298.

Kanaya AM, Kandula N, Herrington D, Budoff MJ, Hulley S, Vittinghoff
E, Liu K (2013) Mediators of Atherosclerosis in South Asians Living in
America (MASALA) Study: objectives, methods, and cohort description.
Clin Cardiol 36:713-720.

Kanaya AM, Vittinghoff E, Lin F, Kandula NR, Herrington D, Liu K,
Blaha M, Budoff MJ (2019) Incidence and Progression of Coronary Artery
Calcium in South Asians Compared With 4 Race/Ethnic Groups. J Am
Heart Assoc 8(2):¢011053.

Kelemen LE, Anand SS, Vuksan V, Yi Q, Teo KK, Devanesen S, Yusuf S,
Investigators S (2003) Development and evaluation of cultural food fre-
quency questionnaires for South Asians, Chinese, and Europeans in North
America. J Am Diet Assoc 103:1178-1184.

Kelly MP, Barker M (2016) Why is changing health-related behaviour so dif-
ficult? Public Health 136:109-116.

Kerr WC, Greenfield TK, Bond J, Ye Y, Rehm J (2011) Racial and ethnic
differences in all-cause mortality risk according to alcohol consumption
patterns in the national alcohol surveys. Am J Epidemiol 174:769-778.

King A, McNamara P, Conrad M, Cao D (2009) Alcohol-induced increases
in smoking behavior for nicotinized and denicotinized cigarettes in men
and women. Psychopharmacology 207:107-117.

Klatsky AL, Friedman GD, Siegelaub AB, Gerard MJ (1977) Alcohol con-
sumption and blood pressure. Kaiser-Permanente Multiphasic Health
Examination data. N Engl J Med 296:1194-1200.

Koppes LLJ, Dekker JM, Hendriks HFJ, Bouter LM, Heine RJ (2005)
Moderate alcohol consumption lowers the risk of type 2 diabetes — a meta-
analysis of prospective observational studies. Diabetes Care 28:719-725.

Kwasnicka D, Dombrowski SU, White M, Snichotta F (2016) Theoretical
explanations for maintenance of behaviour change: a systematic review of
behaviour theories. Health Psychol Rev 10:277-296.



ALCOHOL CONSUMPTION AND IDEAL CARDIOVASCULAR HEALTH

Larsson SC, Burgess S, Mason AM, Michaelsson K (2020) Alcohol con-
sumption and cardiovascular disease: a mendelian randomization study.
Circ Genom Precis Med 13:¢002814.

Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, van Horn
L, Greenlund K, Daniels S, Nichol G, Tomaselli GF, Arnett DK,
Fonarow GC, Ho PM, Lauer MS, Masoudi FA, Robertson RM, Roger
V, Schwamm LH, Sorlie P, Yancy CW, Rosamond WD, American Heart
Association Strategic Planning Task, F. & Statistics, C. (2010) Defining
and setting national goals for cardiovascular health promotion and disease
reduction: the American Heart Association’s strategic Impact Goal
through 2020 and beyond. Circulation 121:586-613.

McClelland RL, Bild DE, Burke GL, Mukamal KJ, Lima JA, Kronmal RA
(2008) Alcohol and coronary artery calcium prevalence, incidence, and
progression: results from the Multi-Ethnic Study of Atherosclerosis
(MESA). Am J Clin Nutr 88:1593-1601.

McKee SA, Krishnan-Sarin S, Shi J, Mase T, O’Malley SS (2006) Modeling
the effect of alcohol on smoking lapse behavior. Psychopharmacology
189:201-210.

Nunez-Cordoba JM, Martinez-Gonzalez MA, Bes-Rastrollo M, Toledo E,
Beunza JJ, Alonso A (2009) Alcohol consumption and the incidence of
hypertension in a Mediterranean cohort: the SUN Study. Rev Esp Cardiol
62:633-641.

Ogunmoroti O, Osibogun O, McClelland RL, Burke GL, Nasir K, Michos
ED (2019) Alcohol and ideal cardiovascular health: the multi-ethnic study
of atherosclerosis. Clin Cardiol 42:151-158.

O’Keefe EL, Dinicolantonio JJ, O’Keefe JH, Lavie CJ (2018) Alcohol and
CV health: Jekyll and Hyde J-Curves. Prog Cardiovasc Dis 61:68-75.

O’Keefe JH, Bybee KA, Lavie CJ (2007) Alcohol and cardiovascular health
— The razor-sharp double-edged sword. J Am Coll Cardiol 50:1009-1014.

Pescatello LS, Macdonald HV, Lamberti L, Johnson BT (2015) Exercise for
hypertension: a prescription update integrating existing recommendations
with emerging research. Curr Hypertens Rep 17:87.

Piano MR, Burke L, Kang M, Phillips SA. (2018) Effects of repeated binge
drinking on blood pressure levels and other cardiovascular health metrics
in young adults: National Health and Nutrition Examination Survey,
2011-2014.J Am Heart Assoc 7:2011-2014.

Pletcher MJ, Varosy P, Kiefe CI, Lewis CE, Sidney S, Hulley SB (2005)
Alcohol consumption, binge drinking, and early coronary calcification:
findings from the coronary artery risk development in young adults (CAR-
DIA) study. Am J Epidemiol 161:423-433.

Polsky S, Akturk HK (2017) Alcohol Consumption, Diabetes Risk, and Car-
diovascular Disease Within Diabetes. Curr Diab Rep 17(12):136.

Rimm EB, Williams P, Fosher K, Criqui M, Stampfer MJ (1999) Moderate
alcohol intake and lower risk of coronary heart disease: meta-analysis of
effects on lipids and haemostatic factors. BMJ 319:1523-1528D.

Roerecke M, Tobe SW, Kaczorowski J, Bacon SL, Vafaci A, Hasan OSM,
Krishnan RJ, Raifu AO, Rehm J (2018) Sex-Specific Associations Between
Alcohol Consumption and Incidence of Hypertension: A Systematic
Review and Meta-Analysis of Cohort Studies. ] Am Heart Assoc 7(13).
http://dx.doi.org/10.1161/jaha.117.008202

Santana NMT, Mill JG, Velasquez-Melendez G, Moreira AD, Barreto SM,
Viana MC, Molina MDB (2018) Consumption of alcohol and blood pres-
sure: results of the ELSA-Brasil study. PLoS One 13:¢0190239.

Schooling CM, Wenjie S, Ho SY, Chan WM, Tham MK, Ho KS, Leung
GM, Lam TH (2008) Moderate alcohol use and mortality from ischaemic
heart disease: a prospective study in older Chinese people. PLoS One 3:
€2370.

Shelton NJ, Knott CS (2014) Association between alcohol calorie intake and
overweight and obesity in English adults. Am J Public Health 104:629-
631.

Talegawkar SA, Jin Y, Kandula NR, Kanaya AM (2017) Cardiovascular
health metrics among South Asian adults in the United States: Prevalence

1833

and associations with subclinical atherosclerosis. Preventive Medicine
96:79-84.

Traversy G, Chaput JP (2015) Alcohol consumption and obesity: an update.
Current Obesity Reports 4:122-130.

Volgman AS, Palaniappan LS, Aggarwal NT, Gupta M, Khandelwal A,
Krishnan AV, Lichtman JH, Mehta LS, Patel HN, Shah KS, Shah SH,
Watson KE (2018) Atherosclerotic Cardiovascular Disease in South
Asians in the United States: Epidemiology, Risk Factors, and Treatments:
A Scientific Statement From the American Heart Association. Circulation
138(1):el—e34.

Wakabayashi I (2013) Associations between heavy alcohol drinking and
lipid-related indices in middle-aged men. Alcohol 47:637-642.

Wood AM, Kaptoge S, Butterworth AS, Willeit P, Warnakula S, Bolton T,
Paige E, Paul DS, Sweeting M, Burgess S, Bell S, Astle W, Stevens D,
Koulman A, Selmer RM, Verschuren WMM, Sato S, Njolstad I, Wood-
ward M, Salomaa V, Nordestgaard BG, Yeap BB, Fletcher A, Melander
O, Kuller LH, Balkau B, Marmot M, Koenig W, Casiglia E, Cooper C,
Arndt V, Franco OH, Wennberg P, Gallacher J, de la Camara AG, Volzke
H, Dahm CC, Dale CE, Bergmann MM, Crespo CJ, van der Schouw YT,
Kaaks R, Simons LA, Lagiou P, Schoufour JD, Boer JMA, Key TJ,
Rodriguez B, Moreno-Iribas C, Davidson KW, Taylor JO, Sacerdote C,
Wallace RB, Quiros JR, Tumino R, Blazer DG, Linneberg A, Daimon M,
Panico S, Howard B, Skeie G, Strandberg T, Weiderpass E, Nietert PJ,
Psaty BM, Kromhout D, Salamanca-Fernandez E, Kiechl S, Krumholz
HM, Grioni S, Palli D, Huerta JM, Price J, Sundstrom J, Arriola L, Arima
H, Travis RC, Panagiotakos DB, Karakatsani A, Trichopoulou A, Kuhn
T, Grobbee DE, Barrett-Connor E, van Schoor N, Boeing H, Overvad K,
Kauhanen J, Warcham N, Langenberg C, Forouhi N, Wennberg M,
Despres JP, Cushman M, Cooper JA, Rodriguez CJ, Sakurai M, Shaw JE,
Knuiman M, Voortman T, Meisinger C, et al. (2018) Risk thresholds for
alcohol consumption: combined analysis of individual-participant data for
599 912 current drinkers in 83 prospective studies. Lancet 391:1513-1523.

Yusuf S, Hawken S, Ounpuu S (2004) Effect of potentially modifiable risk
factors associated with myocardial infarction in 52 countries (the INTER-
HEART study): case-control study (vol 364, pg 937m 2004). Lancet
364:2020.

Zhao J, Stockwell T, Roemer A, Naimi T, Chikritzhs T (2017) Alcohol con-
sumption and mortality from coronary heart disease: an updated meta-
analysis of cohort studies. J Stud Alcohol Drugs 78:375-386.

SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the arti-
cle.

Table S1. Definitions of cardiovascular health.

Table S2. Multivariable odds ratio and 95% CI of associa-
tion between alcohol consumption and cardiovascular
health, by age.

Table S3. Multivariable odds ratio and 95% CI of associa-
tion between alcohol consumption and cardiovascular
health, by sex.

Table S4. Multivariable odds ratio and 95% CI of associa-
tion between alcohol consumption and life’s simple 7 met-
rics.

Table SS5. Beta-coefficient and 95% CI of association
between alcohol consumption Categories and CVH score.


http://dx.doi.org/10.1161/jaha.117.008202

