
This is the author manuscript accepted for publication and has undergone full peer review but has 

not been through the copyediting, typesetting, pagination and proofreading process, which may 

lead to differences between this version and the Version of Record. Please cite this article as doi: 

10.1111/ACER.14422

This article is protected by copyright. All rights reserved

1

2 DR. PARAG ANILKUMAR CHEVLI (Orcid ID : 0000-0002-4084-8175)

3

4

5 Article type      : Original Research Article

6

7

8 Association of Alcohol Consumption and Ideal Cardiovascular Health among 

9 South Asians: The Mediators of Atherosclerosis in South Asians Living in 

10 America (MASALA) Study

11 Short Title: Alcohol Consumption and Ideal Cardiovascular Health

12 Parag A Chevli MBBS, MS1, Krupal J Hari MD2, Alka M Kanaya MD3, Sameera A Talegawkar PhD4, 

13 Belinda L. Needham PhD, MA5, David Herrington MD, MHS6

14 1. Department of Internal Medicine, Section on Hospital Medicine, Wake Forest School of 

15 Medicine

16 2. Department of Internal Medicine, Section on General Internal Medicine, Wake Forest School 

17 of Medicine

18 3. Department of Medicine, University of California, San Francisco

19 4. Departments of Exercise and Nutrition Sciences and Epidemiology and Biostatistics, and the 

20 Sumner M. Redstone Global Center for Prevention and Wellness and, Milken Institute 

21 School of Public Health, The George Washington University

22 5. Department of Epidemiology and Center for Social Epidemiology and Population Health, 

23 University of Michigan, Ann Arbor, MichiganA
u
th

o
r 

M
a
n
u
s
c
ri
p
t

https://doi.org/10.1111/ACER.14422
https://doi.org/10.1111/ACER.14422
https://doi.org/10.1111/ACER.14422


This article is protected by copyright. All rights reserved

24 6. Department of Internal Medicine, Section on Cardiovascular Medicine, Wake Forest School 

25 of Medicine

26

27

28 Corresponding Author:

29 Parag Anilkumar Chevli MBBS, MS

30 Wake Forest School of Medicine

31 Medical Center Blvd, Winston Salem, NC 27157

32 Tel: 336-713-5215   Fax: 336-716-0030

33 E-mail: pchevli@wakehealth.edu

34

35 Conflicts of Interest: All authors have no personal or funding conflicts of interest.

36

37 Funding: I certify that any/all financial and material support for this research and work are 

38 identified in the Funding section of this manuscript.

39

40

41

42 Key Words: 1. South Asian 2. Alcohol 3. Ideal cardiovascular health 4. Life’s simple 7 score

43

44 Abstract

45

46 Background: Observational studies have shown that alcohol consumption above the recommended limit 

47 is associated with increased cardiovascular disease (CVD), although its association in South Asians is 

48 unclear. Less is known regarding the association between alcohol consumption and cardiovascular health 

49 (CVH), assessed by the American Heart Association's Life's Simple 7 (LS7) health metrics among those 

50 with South Asian ancestry. 
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51 Methods: This analysis included 701 participants without CVD from the Mediators of Atherosclerosis in 

52 South Asians Living in America (MASALA) cohort (2015-2018). Based on a personal history 

53 questionnaire, participants were divided into never, former, and current drinkers. The current drinking 

54 category was further classified into 1-3 drinks/week, 4–7 drinks/week, and >7 drinks/week. The 

55 consumption of 5 or more drinks on 1 occasion in the past month was defined as binge drinking. Each 

56 LS7 component was given a point score of 0, 1, or 2.  The total score was categorized into 0 to 6, 7 to 10, 

57 and 11 to 14 to represent poor, intermediate, and ideal CVH, respectively. We use multinomial logistic 

58 regression to examine the association between alcohol consumption and CVH.

59 Results: In the MASALA cohort (mean age=59 y, 43% female), participants consuming >7 drinks/week 

60 had the lowest mean CVH score. Compared with never drinkers, male participants consuming >7 

61 drinks/week were less likely to have intermediate CVH [0.44 (0.08, 0.91)] and ideal CVH [0.23 (0.03, 

62 0.96)]. Binge drinking was associated with significantly lower odds of ideal CVH compared to never 

63 drinkers. 

64 Conclusion: We found evidence of an inverse association of moderate to heavy alcohol consumption and 

65 ideal CVH in South Asian men. These findings further underscore the important relationship between 

66 alcohol consumption and CVH in this unique population of South Asians. 

67 Introduction

68

69 Health behaviors play a significant role in maintaining and modifying disease processes. While 

70 some health behaviors may lead to improvement of health, such as exercise for hypertension (Pescatello 

71 et al., 2015), others can lead to deterioration of health (Kelly and Barker, 2016). Still, other health 

72 behaviors can be more complex. For instance, moderate alcohol consumption is associated with reduced 

73 risk of cardiovascular disease (CVD) and mortality, while excess consumption has been associated with 

74 increased risk (Polsky and Akturk, 2017).  A study with more than 5000 participants with baseline 

75 vascular disease or diabetes revealed a U-shaped relationship between alcohol consumption and all-cause 

76 mortality, vascular mortality, and amputation. It also showed that compared with abstainers, 1-2 alcoholic 

77 drinks per day was associated with reduced all-cause mortality, vascular death, the risk of congestive 

78 heart disease, and stroke (Beulens et al., 2010). Despite multiple studies revealing the benefits of low to 

79 moderate alcohol consumption, a recent analysis from the study of nearly 600,000 individuals revealed 

80 that more than 1 drink per day was associated with increased all-cause mortality (Wood et al., 2018). A 
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81 systematic review and meta-regression analysis, including 28 million individuals aged 15 to 49 years 

82 demonstrated that the risk of all-cause mortality increased with increasing levels of alcohol consumption, 

83 and the level of consumption that minimized health loss was zero standard drinks/week (Griswold et al., 

84 2018). An explanation for these conflicting results is unclear. Randomized controlled trials assessing the 

85 causality of alcohol and cardiovascular disease are impossible to perform. However, a recent Mendelian 

86 randomization study provides evidence of a causal relationship between higher alcohol consumption and 

87 increased risk of stroke and peripheral artery disease (Larsson et al., 2020). 

88 In 2010, the American Heart Association (AHA) declared its strategic impact goal, which stated: 

89 “By 2020, to improve the cardiovascular health of all Americans by 20% while reducing deaths from 

90 cardiovascular diseases and stroke by 20%.” To help achieve this goal, the concept of “ideal 

91 cardiovascular health” was created and defined by 7 metrics (healthy diet, physical activity, body mass 

92 index, smoking, blood pressure, blood glucose, and total cholesterol) called Life’s Simple 7 (LS7) which 

93 is a combination of health risk behaviors and intermediate measures of CVD (Lloyd-Jones et al., 2010). 

94 Alcohol consumption can have a differential effect on these behaviors and measures of CVD. The 

95 cardioprotective effect of alcohol via increased HDL is well established; however, there is weak evidence 

96 on its effect on other lipid components (Rimm et al., 1999).  A sample of adults representative of the U.S. 

97 population suggested that alcohol consumption and physical activity are positively correlated (French et 

98 al., 2009). A study of more than 15,000 U.S. adults found that increased alcohol consumption was 

99 associated with decreased diet quality (Breslow et al., 2010). While low to moderate alcohol consumption 

100 is associated with lower diabetes risk, heavy alcohol consumption has been linked to higher blood glucose 

101 levels (Gerard et al., 1977, Koppes et al., 2005). The studies examining the association between alcohol 

102 and BMI have shown conflicting results (Shelton and Knott, 2014, Traversy and Chaput, 2015). 

103 Numerous studies, including meta-analysis, have established the association between excessive alcohol 

104 consumption and HTN (Briasoulis et al., 2012, Fuchs et al., 2001). However, there are conflicting reports 

105 of the association of mild to moderate alcohol consumption with HTN (Klatsky et al., 1977, Criqui et al., 

106 1981, Santana et al., 2018, Aladin et al., 2019). Rather than focusing on individual measures, our study 

107 examines the relationship between alcohol and LS7, which allows us to explore the association between 

108 alcohol and combined measures of behavioral and cardiovascular health factors. 

109 The population of South Asians is rapidly growing in the United States, and their high risk of 

110 CVD is unable to be accounted for by traditional risk factors alone (Kanaya et al., 2013). Given the size 

111 of their population, the high incidence of CVD in this ethnic group presents a major public health crisis. 

112 For many years, researchers have examined Asians as a unitary ethnicity; nevertheless, studies have 

113 shown that South Asians have a higher risk of CVD than other Asian groups (Volgman et al., 2018). A 
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114 recent AHA review concluded that a majority of the CVD risk in South Asian can be explained by the 

115 increased prevalence of known risk factors and that no unique risk factors have been found in this 

116 population(Volgman et al., 2018). Even though there are high CVD event rates in South Asians, only a 

117 few prospective cohort studies in the world have focused on determining the risk factors associated with 

118 CVD. The cardioprotective effects of low to moderate alcohol consumption vary substantially among 

119 different ethnicities/races (Kerr et al., 2011). Low to moderate alcohol consumption was found to be 

120 associated with a lower risk of all-cause mortality among Caucasian and Hispanic but not among the 

121 Chinese or Indian population (Kerr et al., 2011, Yusuf et al., 2004, O'Keefe et al., 2018). The studies 

122 examining the relationship between alcohol consumption and subclinical atherosclerosis among different 

123 ethnicities/races have also shown inconsistent results (McClelland et al., 2008, Pletcher et al., 2005). A 

124 recent study from the South Asian population found different associations of alcohol consumption with 

125 surrogate markers of subclinical atherosclerosis (Chevli et al., 2020). Thus, studies to increase our 

126 understanding of the association of alcohol consumption with health behaviors factors affecting CVD are 

127 of paramount importance. From public health perspectives, achieving and maintaining cardiovascular 

128 health behaviors and factors in South Asians could have significant effects on reducing CVD incidence 

129 and mortality. Very few studies have examined alcohol consumption and its association with 

130 cardiovascular health (CVH) using LS7 metrics, of which none included South Asian participants 

131 (Ogunmoroti et al., 2019, Piano et al., 2018). The Mediators of Atherosclerosis in South Asians Living in 

132 America (MASALA) study is the only longitudinal study of South Asians in the United States and can 

133 contribute to the knowledge of the association of alcohol consumption and other health behaviors that can 

134 influence cardiac risk. The objective of this cross-sectional study from the MASALA cohort was to 

135 examine the association between alcohol consumption and ideal cardiovascular health using AHA’s LS7 

136 metrics among asymptomatic South Asians age 45-90 years in the U.S. We postulated that higher alcohol 

137 consumption would be inversely associated with ideal CVH.

138

139 Methods

140 Study participants

141 The original MASALA study eligibility and recruitment methods have been reported previously 

142 (Kanaya et al., 2013). The MASALA study is a community-based prospective cohort study of South 

143 Asian men and women, free of CVD at baseline, recruited from 2 clinical sites (San Francisco Bay Area 

144 at the University of California, San Francisco, and the greater Chicago area at Northwestern University). 
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145 A total of 906 South Asians were enrolled between October 2010 and March 2013. From September 2015 

146 through March 2018, all surviving cohort participants were invited for the second clinical examination, 

147 and 749 (83%) participants completed this examination (Kanaya et al., 2019). We decided to use more 

148 recent data from the second clinical examination. The analytical sample was 701 after the exclusion of 48 

149 participants with missing data for one or more LS7 metrics. The institutional review boards of the 

150 University of California, San Francisco, and Northwestern University approved the protocol.

151

152 Alcohol consumption

153 Alcohol consumption was assessed based on the personal history questionnaire.  Each participant 

154 was asked, “Have you ever consumed alcoholic beverages?” If yes, then the following question was, “Do 

155 you presently drink alcoholic beverages?” The answers given to these 2 questions, categorized each 

156 participant into 3 categories: 1) never; 2) former; and 3) current drinkers. Current and former drinkers 

157 were asked, “For how many years did you drink alcoholic beverages?” Besides, they were asked about the 

158 usual number of drinks consumed per week (before they stopped drinking if they were former drinkers). 

159 These questions were used to make mutually exclusive categories of current drinkers as 1) 1-3 

160 drinks/week; 2) 4–7 drinks/week; and 3) >7 drinks/week. Also, current drinkers were asked about the 

161 number of drinks consumed during the past 24 hours and the largest number of drinks consumed in 1 day 

162 in the past month. Participants were classified as binge drinkers if they had consumed ≥5 drinks in a 

163 single day in the past month. (Kanaya et al., 2013, Chevli et al., 2020)

164

165 Life’s Simple 7 Metrics

166 AHA's LS7 metrics include 7 health behaviors and factors (Jin et al., 2016, Lloyd-Jones et al., 

167 2010). An automated blood pressure monitor (V100 Vital sign monitor, GE Medical Systems, Fairfield, 

168 CT) was used to measure resting blood pressure three times in the seated position, and the average of the 

169 last two readings was used for analysis. Total Cholesterol was measured using enzymatic methods, and 

170 the hexokinase method was used to measure fasting plasma glucose. Typical Week’s Activity Survey was 

171 used to assess the frequency of various physical activities, including walking for exercise, dance, 

172 conditional activities, and sports, and the Metabolic Equivalents (METs) of each activity were calculated 

173 (Ainsworth et al., 1999). We used the time spent in activities identified as either vigorous (>6 METs) or 

174 moderate (3–6 METs) in the derivation. The average time per week spent in all activities at either a 
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175 vigorous or moderate level was computed for each participant, and participants were then categorized 

176 based on the AHA criteria (Lloyd-Jones et al., 2010). The assessment of dietary intake was based on the 

177 Study of Health Assessment and Risk in Ethnic groups (SHARE) food frequency questionnaire (FFQ), 

178 which has been developed and validated for South Asians in Canada (Kelemen et al., 2003). A healthy 

179 diet contained adequate quantities of 5 items (fruits and vegetables, fish, whole grains, sodium, and sugar-

180 sweetened beverages), as defined by the AHA. Height was measured using a stadiometer, and weight was 

181 measured using a standard balance-beam scale or a digital weighing scale. The BMI was calculated using 

182 weight (in kilograms) divided by height (in meters squared). The assessment of smoking status was based 

183 on a questionnaire (Kanaya et al., 2013). The details of the assessment of AHA's LS7 components are 

184 shown in Table S1. 

185 A point score of 0, 1, or 2 was given to each LS7 metric to represent poor, intermediate, or ideal 

186 health, respectively (Lloyd-Jones et al., 2010). The sum of the individual metric scores was used to derive 

187 an overall CVH score, which could range from 0-14. The CVH score was classified as poor (0–6), 

188 intermediate (7–10), or ideal (11–14) CVH. 

189

190 Measurement of covariates

191 Using standard questionnaires administered by trained interviewers, information on age, sex, 

192 education, and family income was obtained. We categorized education as having ≥ Bachelor’s degree or 

193 <Bachelor’s degree. Family income was categorized as having ≥ $75,000 or < $75,000 annually. 

194

195 Statistical Analysis

196 The characteristics of the study population were compared across the categories of alcohol 

197 consumption (never drinker, former drinker, 1-3 drinks/week, 4–7 drinks/week, and >7 drinks/week). We 

198 summarized categorical variables as number (percentages) and continuous variables as mean (standard 

199 deviation) or median (interquartile range) depending on the normality of the data. To compare the 

200 baseline characteristics, we used analysis of variance (ANOVA) for continuous variables and the chi-

201 squared test for categorical variables. 

202 The prevalence of each LS7 metric was reported by alcohol consumption categories. We used 

203 multinomial logistic regression models to examine the cross‐sectional association between alcohol 
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204 consumption categories and CVH. Odds ratios (ORs) and 95% CIs were calculated for intermediate CVH 

205 score (7-10) and ideal CVH score (11–14) across the categories of alcohol consumption. Model 1 was 

206 unadjusted, and model 2 was adjusted for age, sex, education, and family income. The reference groups 

207 were “never” categories for alcohol consumption and binge drinking (McClelland et al., 2008) and poor 

208 score for CVH categories (Ogunmoroti et al., 2019). We also examined the association between alcohol 

209 consumption categories and each LS7 metric as ideal or non-ideal (intermediate and poor) using binomial 

210 logistic regression analysis. Moreover, we examined whether age or sex modified the associations 

211 between alcohol consumption and CVH by inserting an interaction term in model 2. 

212 Additionally, we performed subgroup analysis stratified by age (using 58 years as a cut point) and 

213 sex. A two-sided p-value of <0.05 was considered statistically significant, and all statistical analyses were 

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

215

216 Results

217 The baseline characteristics of the MASALA participants by alcohol consumption categories are 

218 shown in Table 1. Among 701 participants included in the analysis (aged 59 ± 9 years, 43% women), 198 

219 (28%) were never drinkers, 247 (35%) were former drinkers, and 256 (37%) were current drinkers. Of the 

220 current drinkers, 147 (57%) reported consuming 1-3 drinks/week, 68 (27%) reported consuming 4-7 

221 drinks/week, and 41 (16%) reported consuming >7 drinks/week. Also, 11% of current drinkers reported 

222 binge drinking in the past month. For the overall cohort, 10% (n=69) had poor CVH, 20% (n=141) had 

223 ideal CVH, and the remaining 70% (n=491) had intermediate CVH. Of note, only 5% of the female 

224 participants consumed >7 drinks/week. Figure 1 displays the mean CVH score by alcohol consumption 

225 categories. Participants consuming >7 drinks/week as well as those with binge drinking had lower mean 

226 CVH scores.

227 Table 2 shows the distribution of LS7 metrics by alcohol consumption categories. The proportion 

228 of participants consuming > 7 drinks/week who met the ideal criteria for smoking, total cholesterol, and 

229 blood glucose were significantly lower compared to never drinkers. For the overall cohort, only 4% of the 

230 participants met the ideal criteria for diet. Interestingly, the proportion of never drinkers who met the ideal 

231 criteria for the physical activity was lower than that for current drinkers who consumed more than 7 

232 drinks/week. 
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233 Using multinomial logistic regression, we examined the association between levels of alcohol 

234 consumption and CVH, as shown in Table 3. For the multivariable model, alcohol consumption of >7 

235 drinks/week was associated with lower odds of having intermediate (odds ratio [OR] (95% CI):0.31 

236 (0.10‐0.93), P = 0.037) or ideal (odds ratio [OR] (95% CI):0.14 (0.03‐0.60), P = 0.008) CVH compared to 

237 never drinkers. Table 4 shows the association between binge drinking in the past month and CVH. 

238 Compared to never drinkers, participants who reported binge drinking had significantly lower odds of 

239 having ideal CVH (odds ratio [OR] (95% CI):0.03 (0.003‐0.36), P = 0.005). In age-stratified analysis 

240 (Table S2), those who were ≥58 years and consumed >7 drinks/week had 74% lower odds of having 

241 intermediate CVH, and 88% lower odds of having ideal CVH, compared to never drinkers. There was no 

242 significant association between alcohol consumption and CVH in those who were <58 years. Evaluation 

243 of the association by sex was limited by sample size, especially among women (Table S3). Men with 

244 alcohol consumption of >7 drinks/week had 77% lower odds of having ideal CVH and 56% lower odds of 

245 having intermediate CVH. 

246 We also examined the association between alcohol consumption and individual LS7 metrics 

247 (Table S4). Regardless of the category of alcohol consumption, participants had lower odds of achieving 

248 the ideal criteria for smoking compared to never drinkers. Participants consuming >7 drinks/week had 

249 71% lower odds of having ideal criteria for total cholesterol. Also, those who reported 4-7 and >7 

250 drinks/week had lower odds of achieving ideal blood pressure and blood glucose criteria. 

251 We formally tested for the interaction of the associations by sex and age, even though results 

252 were stratified given a priori interest in the relation of alcohol consumption and CVH among subgroups. 

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

254

255 Discussion

256 This United States community-based population study of CVD free South Asians revealed several 

257 important findings. First, compared to never drinkers, participants consuming >7 drinks/week were less 

258 likely to achieve intermediate or ideal CVH. Second, participants had lower odds of having ideal CVH if 

259 they reported binge drinking in the past month compared to never drinkers. Third, participants who 

260 consumed >7 drinks/week were less likely to achieve ideal criteria for smoking, total cholesterol, blood 

261 pressure, and blood glucose compared to never drinkers. 
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262 Although multiple epidemiological studies have explored the connection between alcohol 

263 consumption and CVD (O'Keefe et al., 2007, Rimm et al., 1999, Zhao et al., 2017, O'Keefe et al., 2018), 

264 very few studies have examined the connection between alcohol consumption and CVH. A recent study 

265 from the Multi-Ethnic Study of Atherosclerosis (MESA) (Ogunmoroti et al., 2019) showed that compared 

266 to never drinkers, participants consuming >14 drinks/week were less likely to have intermediate and ideal 

267 CVH. In comparison to the MESA study, our study found that alcohol consumption of >7 drinks/week 

268 was associated with lower odds of achieving intermediate or ideal CVH in South Asians. We could not 

269 examine the association of >14 drinks/week with CVH as very few participants in the MASALA cohort 

270 had drinking frequency in that range. Similar to our results, binge drinking in the MESA participants was 

271 also associated with unfavorable CVH. Moreover, the findings of an inverse relationship between heavy 

272 drinking and ideal CVH, as well as binge drinking, remained consistent throughout different racial/ethnic 

273 groups in the MESA. The cardioprotective effect of light or moderate drinking was found to be 

274 inconsistent among the different races and ethnicities (Schooling et al., 2008, Halanych et al., 2010, 

275 Nunez-Cordoba et al., 2009).  The INTERHEART study, which included 27,000 people from 50 different 

276 countries, revealed regular alcohol intake reduced the risk of MI by 14%; however, this beneficial 

277 association was not evident in the Indian cohort (Yusuf et al., 2004). Our study also did not show any 

278 protective association between light drinking and CVH or any of the seven individual components of LS7 

279 in this South Asian population. However, this could be due to a small sample size of our study. 

280 In an age-stratified analysis, we found that among participants who consumed >7 drinks/week, 

281 participants who were ≥58 years had a lower odds of having intermediate and ideal CVH, but the 

282 association was not significant for those <58 years. This is in contrast with the results from MESA, where 

283 the inverse relationship of higher alcohol consumption with ideal CVH was consistent among those <65 

284 years and ≥65 years. The finding of lower odds of achieving intermediate or ideal CVH among older 

285 cohort with consumption of >7 drinks/week could be due to the inability to maintain a healthy lifestyle or 

286 due to a higher prevalence of cardiovascular risk factors.

287 Health behaviors are influenced by an individual’s “motives, self-regulation, resources, habits, 

288 and environmental and social influences (Kwasnicka et al., 2016).” Similarly, health behaviors can often 

289 influence other health behaviors. Regardless of the level of alcohol consumption, participants failed to 

290 achieve ideal criteria for smoking compared to never drinkers. Alcohol consumption has been shown to 

291 be associated with increased smoking behavior (McKee et al., 2006, King et al., 2009). Not only has 

292 alcohol been shown to reduce smoking resistance in an inverse dose-dependent fashion (Kahler et al., 

293 2014), it has also been shown to be associated with more tobacco use on heavy drinking days (Jackson et 

294 al., 2013). One study showed that tobacco use was more prominent after approximately 3 drinks(Harrison 
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295 and Mckee, 2008). Moderate alcohol consumption is associated with increased high-density lipoprotein 

296 (HDL) cholesterol (Rimm et al., 1999). However, studies have also shown that heavy alcohol 

297 consumption may increase low-density lipoprotein (LDL) and triglyceride levels (Wakabayashi, 2013). 

298 We found that MASALA participants with >7 drinks/week were less likely to have ideal total cholesterol. 

299 This finding could be due to an increase in HDL, LDL, or triglyceride. Our study showed that 

300 consumption of 4-7 drinks/week and >7 drinks/week was associated with lower odds of achieving ideal 

301 blood pressure. A recent systematic review and dose-response meta‐analysis conducted to examine the 

302 association between alcohol consumption and incident hypertension found that, regardless of gender, no 

303 quantity of alcohol consumption was associated with reduced risk of developing hypertension (Roerecke 

304 et al., 2018). Alcohol-induced hypertension is thought to be caused by the actions of angiotensin II on the 

305 endothelium resulting in inflammation and inhibition of endothelium-dependent nitric oxide production, 

306 which leads to loss of endothelial relaxation and elevated blood pressure (Husain et al., 2014). We also 

307 found that consuming >7 alcoholic drinks/week had 73% lower odds of having ideal blood glucose levels. 

308 Most alcoholic beverages have very high amounts of sugar. Alcohol-induced increase in blood glucose 

309 levels may result from its adverse effect on insulin secretion and insulin resistance (Emanuele et al., 

310 1998). The systematic review and meta-analysis of 20 studies found a U-shaped relationship between 

311 average amount of alcohol consumed per day and risk of incident type 2 diabetes (Baliunas et al., 2009). 

312 The published literature has reported a positive relationship between physical activity and alcohol 

313 consumption (Dodge et al., 2017). For MASALA participants, we did not find any significant association 

314 between alcohol consumption and physical activity. The studies examining the association between 

315 alcohol consumption and body weight have revealed conflicting evidence. Overall, the majority of studies 

316 suggest that light-to-moderate alcohol consumption is not associated with weight gain, while heavy 

317 consumption is associated with weight gain (Traversy and Chaput, 2015). There was no association 

318 between alcohol consumption and BMI in MASALA participants. A cross-sectional study of 3,729 

319 participants examined the association between alcohol and diet quality measured by the Healthy Eating 

320 Index (HEI) (Breslow et al., 2006). The results demonstrated that as the quantity of alcohol consumption 

321 increased from 1 to ≥3 drinks/day, diet quality worsened. However, there was no association between 

322 alcohol consumption and diet quality in our study.  

323 From a public health perspective, we found no evidence of the benefit of low or moderate alcohol 

324 use among South Asian men and women.  Moreover, among South Asian men with >7 drinks/week, there 

325 was some evidence of harm with respect to CVH. Alcohol consumption guidelines vary substantially 

326 across different countries (Kalinowski and Humphreys, 2016). The current drinking guidelines in the U.S. 

327 are based on research that did not include people of South Asian descent. Further research is needed to 
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328 understand whether the current recommendations also apply to this group, which may have different 

329 behavioral patterns with respect to alcohol use. A study from the National Epidemiologic Survey of 

330 Alcohol and Related Conditions, including 952 Asian-American adults, demonstrated that ethnic drinking 

331 cultures might significantly influence alcohol use(Cook et al., 2012). Also, the pattern of alcohol 

332 consumption among South Asians is impacted by religious prohibitions against alcohol use and gender 

333 norms that discourage drinking among women(Chowdhury et al., 2006). A better understanding of the 

334 pattern of alcohol consumption, the factor influencing alcohol use and its effect on CVH, would help 

335 design policies and interventions for this rapidly growing population. 

336

337 Strengths and limitations

338 The strength of our study includes its community-based South Asian population, which is an 

339 understudied but fast-growing minority with high risk for cardiovascular disease, among other chronic 

340 diseases. Key variables were obtained using validated instruments in a culturally sensitive manner in the 

341 MASALA study, including diet. Study limitations include the cross‐sectional analysis of the association 

342 between alcohol consumption and CVH, and, therefore, a causal relationship could not be established. 

343 The MASALA study has a relatively small cohort size obtained from only 2 United States geographic 

344 centers, which limits the generalizability of the findings. We were unable to make inferences regarding 

345 women with >7 drinks/week consumption and for binge drinking, given the small sample sizes in these 

346 categories. Alcohol consumption was based on questionnaire responses, and this may have led to the 

347 underreporting of the quantity of alcohol consumed by study participants. This, in turn, could attenuate 

348 the association due to misclassification. Lastly, we adjusted for several confounders, but there remains a 

349 possibility of residual confounding. For example, the observed association between alcohol consumption 

350 and CVH could be attributable to an unadjusted dietary pattern that is dependent on alcohol intake. 

351

352 Conclusion

353 We observed an inverse association between alcohol consumption and CVH in South Asian men. 

354 These results further highlight the importance of healthy behaviors in maintaining ideal CVH. Future 

355 research can focus on the impact of these healthy behaviors on CVD and examine the association between 

356 alcohol consumption and incident CVD in the MASALA cohort. 
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567 Figure 1. Mean CVH score (and SE) for alcohol consumption categories
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Table 1. Baseline Characteristics of MASALA Participants, 2015-2018

Alcohol consumption (number of drinks/week)

Characteristics 

Mean± SD or No. (%)

Never 

N=198

Former

N=247

1-3

N=147

4-7

N=68

>7

N=41

P 

valuea

Male, No. (%) 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 58.4 ± 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. (%) <0.001

Never 191 (96.5) 211 (85.4) 111 (75.5) 46 (67.7) 20 (48.8)

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/m2) 26.4 ± 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
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Fasting blood glucose 

(mg/dl)

108 ± 25 110 ± 24 105 ± 18 117 ± 26 113 ± 21 0.004

Diabetic medications, 

No. (%)

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, No. (%)

Poor (0-6) 15 (7.6) 31 (12.6) 8 (5.4) 6 (8.8) 9 (21.9)

Intermediate (7-10) 138 (69.7) 167 (67.6) 108 (73.5) 51 (75) 27 (65.9)

Ideal (11-14) 45 (22.7) 49 (19.8) 31 (21.1) 11 (16.2) 5 (12.2)

0.054

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

metabolic equivalent

aP-value by ANOVA for continuous variables and chi‐square for categorical variables

Table 2. Distribution of Life’s Simple 7 metrics by alcohol consumption

Alcohol consumption (number of drinks/week)

Never 

N=198

Former

N=247

1-3

N=147

4-7

N=68

>7

N=41

P 

valuea

Smoking

Poor 2 (1%) 5 (2%) 4 (3%) 4 (6%) 5 (12%)

Intermediate 5 (3%) 31 (13%) 32 (22%) 18 (26%) 16 (39%)

Ideal 191 (96%) 211 (85%) 111 (75%) 46 (68%) 20 (49%)

<0.001

Body Mass Index

Poor 32 (16%) 43 (18%) 19 (13%) 7 (10%) 6 (15%)

Intermediate 94 (47%) 112 (45%) 63 (43%) 30 (44%) 19 (46%)

Ideal 72 (37%) 92 (37%) 65 (44%) 31 (46%) 16 (39%)

0.736

Total Cholesterol

Poor 13 (6%) 24 (10%) 17 (11%) 3 (5%) 4 (10%)

Intermediate 110 (56%) 135 (54%) 79 (54%) 52 (76%) 25 (61%)

0.044
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Ideal 75 (38%) 88 (36%) 51 (35%) 13 (19%) 12 (29%)

Blood Pressure

Poor 46 (23%) 62 (25%) 29 (20%) 16 (23%) 11 (27%)

Intermediate 97 (49%) 119 (48%) 78 (53%) 38 (56%) 23 (56%)

Ideal 55 (28%) 66 (27%) 40 (27%) 14 (21%) 7 (17%)

0.764

Blood Glucose

Poor 27 (14%) 43 (17%) 20 (13%) 19 (28%) 7 (17%)

Intermediate 82 (41%) 108 (44%) 57 (39%) 33 (48%) 28 (68%)

Ideal 89 (45%) 96 (39%) 70 (48%) 16 (24%) 6 (15%)

<0.01

Diet Quality

Poor 61 (31%) 69 (28%) 49 (33%) 22 (32%) 12 (29%)

Intermediate 130 (66%) 163 (66%) 91 (62%) 42 (62%) 28 (68%)

Ideal 7 (3%) 14 (6%) 7 (5%) 4 (6%) 1 (3%)

0.920

Physical Activity

Poor 28 (14%) 28 (11%) 8 (5%) 2 (3%) 6 (15%)

Intermediate 43 (22%) 41 (17%) 23 (16%) 12 (18%) 5 (12%)

Ideal 127 (64%) 178 (72%) 116 (79%) 54 (79%) 30 (73%)

0.029

aP-value by ANOVA for continuous variables and chi‐square for categorical variables

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

cardiovascular health

Intermediate vs. Poor Ideal vs. PoorAlcohol Consumption

Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

Model 1a

Never Drinker reference reference

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

1-3 drinks/week 1.46 (0.60, 3.59) 0.40 1.29 (0.49, 3.42) 0.60
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4-7 drinks/week 0.92 (0.34, 2.5) 0.88 0.61 (0.19, 1.94) 0.40

>7 drinks/week 0.33 (0.13, 0.82) 0.017 0.19 (0.05, 0.64) 0.008

Model 2b

Never Drinker reference reference

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

1-3 drinks/week 1.17 (0.44, 3.11) 0.76 0.93 (0.29, 3.00) 0.90

4-7 drinks/week 0.71 (0.24, 2.15) 0.55 0.36 (0.09, 1.51) 0.16

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

aModel 1 unadjusted 

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

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

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

cardiovascular health

Intermediate vs. Poor Ideal vs. PoorBinge drinking past month

Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

Model 1a

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 2b

No (Never) (n= 198) reference reference
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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

aModel 1 unadjusted 

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

OR < 1 is interpreted as lower odds of having an ideal or intermediate cardiovascular health score
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Figure-1 Mean CVH score (and SE) for alcohol consumption categories  
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