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Association of change in alcohol
consumption with cardiovascular
disease and mortality among initial
nondrinkers
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There is a paucity of studies on the influence of alcohol intake among non-drinkers. We evaluated the
association between an increase in alcohol consumption and primary prevention of major adverse
cardiovascular events (MACE) among non-drinkers. Data collected by the National Health Insurance
Service in the Korea between 2007 and 2013 were analysed. A total of 112,403 subjects were included
and followed up from 1 January 2011 to 31 December 2013. Increases in alcohol consumption,
measured as glasses per day, at the second medical check-up, were categorized into maintenance of
nondrinking (0), >0-=<1, >1-s2, >2-s4, and > 4. Hazard ratios (HRs) for MACE and all-cause mortality
on increase in alcohol consumption were calculated. Compared to that in non-drinkers at the second
check-up, the risk of MACE significantly decreased among the subjects with an increase in alcohol
consumption to <1 glass per day (HR 0.79, 95% Cl 0.68-0.92). However, a light increase in alcohol
consumption did not reduce the risk of stroke or all-cause mortality (stroke, HR 0.83, 95% CI 0.68-
1.02; all-cause mortality, HR 0.89, 95% Cl 0.73-1.09). Compared to continual non-drinkers, those who
drank >2 glass per day had higher risk for death due to external causes (aHR 2.06, 95% Cl 1.09-3.90).
The beneficial effect of light increments in alcohol consumption on the occurrence of MACE may have
resulted from the inappropriate inclusion of sick quitters, who maintained a nondrinking status, in the
reference group.

Many epidemiologic studies have investigated the influence of alcohol consumption on increment in cardiovas-
cular events, including stroke, which showed J-shaped association. Heavy drinking increases the risk of stroke,
myocardial infarction, atrial fibrillation, and congestive heart failure by rebound elevation of platelet aggregation
and blood pressure' . Light-to-moderate alcohol intake may have preventive effects on cardiovascular disease by
increasing high-density lipoprotein and decreasing platelet aggregation and fibrinogen concentration®. A low
level of alcohol intake decreases incidence of diabetes by enhancing insulin sensitivity”. Despite the beneficial
influence of light-to-moderate alcohol consumption, non-drinkers are not advised to start drinking accord-
ing to the guidelines from primary prevention of stroke® The results of a recent study showed that no level of
alcohol consumption is associated with health benefit, as the net benefit from low-dose alcohol consumption
on cardiovascular disease prevention and diabetes was attenuated by its harmful effect of an increase in cancer
or other injuries °.

There is a paucity of studies on the influence of alcohol intake among non-drinkers. Further, prior studies on
alcohol intake have had several methodological problems, which make their conclusions unreliable. The purpose
of our study was to evaluate whether an increase in alcohol consumption is still beneficial in primary prevention
of major adverse cardiovascular events (MACE), including stroke, coronary artery disease, or cardiovascular
death, and all-cause mortality among initial non-drinkers.
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Results
Among the 490,255 subjects in the entire study sample, including the drinkers who underwent both the first
(2007-2008) and second (2009-2010) medical checkups, 161,383 (32.9%) were initial nondrinkers at the first
health examination. After excluding the subjects with cardiovascular events before the index date (43,632), death
before the index date (255), missing information on alcohol intake (3,187), and missing covariate information
(1906), 112,403 subjects (22.9%) were finally included in the present analysis (Supplementary Fig. 1). Of the
non-drinkers enrolled, 96,716 (86.0%) maintained their non-drinking status at the second medical check-up;
10,621 (9.4%) had begun to drink >0-<1 glass per day; 2,476 (3.6%), > 1- <2 glasses per day; 1784 (1.6%),
>2-<4 glasses per day; and 806 (0.7%), >4 glasses per day. The characteristics of the subjects who maintained
their non-drinking status at the second check-up are presented in Table 1. The mean age was 59.0 (£ 8.6) years,
and 70% were female. The proportions of subjects with a non-smoking status and no physical activity were 83.9%
and 53.3%, respectively. The proportion of subjects with Charlson’s comorbidity index (CCI) =3 was 25.7%.
Compared with the subjects who maintained a nondrinking status, those who started drinking were more likely
to be male, in the highest quartile of household income, a past or current smoker, physically active, and to have
fewer comorbidities (Supplementary Table 1). Systolic blood pressure and the fasting serum glucose level tend
to increase and the total cholesterol level tends to decrease as the alcohol consumption dose increases (Table 1).

During the follow-up period from 1 January 2011 to 31 December 2013, a total of 2,271 individuals experi-
enced MACE, 954 individuals experienced coronary artery disease, and 1,332 individuals experienced stroke
during a 285,301 person-year follow-up. A total of 1,213 subjects died during the 288,297 person-year follow-
up. Compared with the group that maintained their non-drinking status at the second check-up, subjects with
an increase in alcohol consumption to >0-<1 glass per day (adjusted HR 0.79, 95% CI 0.68-0.92) showed a
significant decrease in MACE risk. The adjusted HRs (95% CI) were 0.85 (0.64-1.11) for an increase in alco-
hol consumption to > 1- <2 glasses; 0.95 (0.71-1.28), for >2- <4 glasses; and 1.05 (0.69-1.61), for > 4 glasses,
compared to that in the group maintaining a nondrinking state. An increase in alcohol consumption to >0 to <
1 glasses per day also reduced the risk of coronary artery disease (HR 0.75, 95% CI 0.60-0.93) but not stroke,
all-cause mortality, or death due to external causes (stroke, HR 0.83, 95% CI 0.68-1.02; all-cause mortality, HR
0.89, 95% CI 0.73-1.09; Table 2). Compared to continual non-drinkers, those who drank>2 drinks per day of
alcohol had higher risk for death due to external causes (aHR 2.06, 95% CI 1.09-3.90).

The associations of alcohol consumption change with MACE according to the sex, age, physical activity,
income, smoking, and medical comorbidities have been listed in Table 3.

There was no significant heterogeneity across sex, age, physical activity, smoking, and CCI score with regard
to the protective effect of an increase in alcohol consumption to >0- <1 glasses per day on MACE (Fig. 1).

There was no significant interaction between alcohol consumption change and all-cause mortality across the
prespecified variables. The risk of all-cause mortality tended to be reduced by alcohol consumption to >0to<1
glasses per day in the subjects aged = 60 years and whose CCI values were > 2, though not statistically significant
(Table 4 and Fig. 2).

Discussion

We demonstrated that a light increase in alcohol consumption to <1 glass per day from the initial non-drinker
status significantly reduced the risk of MACE, but did not reduce the risk of all-cause mortality. To our knowl-
edge, this is the first study to investigate the influence of an increase in alcohol consumption on cardiovascular
disease occurrence and all-cause mortality among initial non-drinkers.

We evaluated the effect of a change in alcohol consumption within the same cohort at different time points.
We designated a reference group that maintained their non-drinking status at the next health check-up. Further,
we performed multivariable analysis using more comprehensive covariate adjustment, including adjustment for
demographics (age, sex, BMI), socioeconomic status, health-related behaviour (smoking habit, physical activity),
laboratory findings (systolic blood pressure and serum glucose and cholesterol levels), and medical comorbidities.

Low-to-moderate alcohol intake has been regarded as protective against ischemic heart disease and
mortality’®!!. However, more recent evidence has revealed there exists no threshold for the beneficial effect of
alcohol®'*!*. Most epidemiologic studies compared risks of diseases with regard to an amount of alcohol intake
and there are few studies on the effect of alcohol consumption change on disease occurrence among non-drinkers.
The results of the current study demonstrated some protective effects on cardiovascular diseases with a light
increase in alcohol consumption (>0-<1 glass per day), regardless of age, sex, physical activity, social income,
and comorbid illnesses, in initial non-drinkers. However, a light increase in alcohol consumption does not reduce
all-cause mortality among non-drinkers. Even an increase in alcohol consumption to > 2 glasses per day signifi-
cantly increased the risk of death due to external causes (HR 2.06, 95% CI 1.09-3.90). Due to the lack of evidence
of the benefit, it would be an inappropriate recommendation to start light alcohol drinking among nondrinkers.

Alcohol consumption is an important risk factor for diseases, disability, and mortality'*. The harmful effect
of alcohol is multifactorial. Alcohol use disorders, including alcohol dependence and abuse, are the second most
important cause of disabling disease and injury, especially among men. Alcohol is a component cause of many
disease categories, including infectious diseases, neuropsychiatric illness, malignancy, cardiovascular diseases,
hepatobiliary diseases, and injuries'”. Despite many harmful effects of alcohol consumption, light-to-moderate
alcohol ingestion has been considered to have health-protective effects especially against cardiovascular diseases
and diabetes. Light alcohol consumption (30 g of ethanol per day) was associated with favourable change of
lipids and hemostatic factors by increasing high density lipoprotein-cholesterol (HDL-C) and apolipoprotein
A1, decreasing in fibrinogen and glycated hemoglobin levels'®!”. However, the increased global burden of dis-
ease by alcohol consumption far outweighed the slight benefit of cardiovascular disease protection from light
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Light drinking Nondrinking
Subgroup Events/N (%) Events/N (%) HR (95% CI) P Value
Sex 0.70
Men 127 /6485  (2.0) 893 /28994 (3.1)  0.73 (0.61, 0.88) —m—
Women 62 /4136  (1.5) 1378 /67722 (2.0)  0.92(0.71,1.18) ——
Age 0.52
<60 93 /7548  (1.2) 787 /58330 (1.3)  0.77 (0.62, 0.96) ——
=60 96 /3073 (3.1) 1484 /38386 (3.9)  0.74 (0.60, 0.92) —a—
Physical activity 0.15
No 70 /3736  (1.9) 1357 /51556 (2.6)  0.73 (0.57, 0.93) —a—
Yes 119/6885  (1.7) 914 /45160 (2.0)  0.83 (0.69, 1.01) ——
Income 0.60
1st 57 /4010 (1.4) 756 /31672 (2.4)  0.63 (0.48, 0.83) —a—
2-4th 132 /6611 (2.0) 1515 /65044 (2.3)  0.88 (0.74, 1.06) -
Smoking 0.62
Never or past 140 /8924  (1.6) 1962 /89642 (2.2)  0.81 (0.68, 0.96) il
Current 49 /1697 (2.9) 309 /7074 (4.4)  0.74 (0.55, 1.00) e
ccl 0.20
0-1 85/6062  (1.4)  813/49050 (1.7)  0.82(0.65, 1.03) —a—
=2 104 /4559 (2.3) 1458 /47666 (3.1)  0.77 (0.63, 0.94) —a—
T T T T T
0.25 0.5 1 1.5 2 3

<—Light drinking better  Nondrinking better—>

Figure 1. Subgroup analysis of the association of alcohol consumption change with major adverse
cardiovascular events among initial non-drinkers.

alcohol consumption’. The results of the current study show that the association is not very different among
initial non-drinkers.

Recent evidence has revealed that the J-shaped association between alcohol consumption and mortality can
be attributed to many biases, including misclassification of the heterogeneous non-drinking group in a single
category, lack of adjustment by unmeasured confounders, and the sick quitter phenomenon'®-?!. The results
from high-quality studies free from abstainer bias showed a linear dose-response relationship between alcohol
consumption and mortality'’. The beneficial effect of light alcohol consumption reported in prior studies may
result from inappropriate selection of the reference group, which includes formal drinkers who quit drinking
before study enrolment. The proportion of participants having potentially adverse confounders was higher
among non-drinkers than among moderate drinkers?. This group of patients is also known to have higher risk
of depression and mortality.

The observed risk-reducing effect among those with >0- <1 drinks per day of alcohol may in part due to the
sick-quitter effect, which assumes that continual non-drinkers may contain those with worsening health condi-
tions, such as the presence of more comorbidities, and thereby result in higher incidence of health outcomes.
This is in part supported in our results, which depict that compared to those who maintained non-drinking
status, those who initiated alcohol intake had better health profiles such as fewer comorbidities (Supplementary
Table 1). A reduced risk of mortality with a light increase in alcohol consumption was also observed among the
older age population (=60 years). Other alcohol-associated diseases, including injury, liver disease, and infec-
tious disease occur earlier in the life course, and cardiovascular diseases occurred more frequently in the older
population?. As a result, the influence of cardiovascular disease on mortality was more profound in the older
population, and the protective effect of a light increase in alcohol consumption can be attributed to selection bias.

Determining the characteristics of the initial non-drinkers who start drinking is important in comprehend-
ing socioeconomic or behavioural factors that influence drinking, and it would be helpful to develop a strategy
to maintain alcohol abstinence. A physically active lifestyle and risky behaviours are positively correlated?.
Drinking was associated with an increased likelihood of engaging in exercise, and participants with moderate
drinking performed exercise two-times more than did abstainers®**. Extroverted personality, increased social
anxiety, exercise motivated by guilt from unhealthy behaviours, alcohol drinking as a reward for intense physical
activity, and coping mechanisms for exercise and drinking to avoid negative affect could be possible explanations
for the positive association?’. According to the current study, subjects who start drinking alcohol are more likely
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Alcohol intake during second health examination (drinks per day)

Total 0 >0-<1 >1-<2 >2-<4 >4
Number of participants (%) 112,403 96,716 (86.0) | 10,621 (9.4) | 2,476 (3.6) 1,784 (1.6) 806 (0.7)
Age, years, mean (SD) 58.7 (8.5) 59.0 (8.6) 56.8 (7.8) 56.6 (7.6) 56.3 (7.3) 55.1(6.6)
Sex, N (%)
Men 40,035 (35.6) | 28,994 (30.0) | 6,485 (61.1) |2,132(86.1) | 1,639 (92.4) | 775 (96.2)
Women 72,368 (64.4) | 67,722 (70.0) | 4,136 (38.9) |344(13.9) | 135 (7.6) 31(3.9)
Household income, quartiles, N (%)
1st (highest) 37,640 (33.5) | 31,672 (32.8) |4,010(37.8) |958(38.7) 685 (38.4) 315 (39.1)
2nd 32,879 (29.3) | 28,277 (29.2) |3,047 (28.7) | 761 (30.7) | 545(30.6) | 249 (30.9)
3rd 24,482 (21.8) | 21,356 (22.1) |2,153(20.3) |475(19.2) 338 (19.0) 160 (19.9)
4th (lowest) 17,402 (15.5) | 15411 (15.9) |1,411(13.3) |282(11.4) |282(11.4) |[82(10.2)
Smoking, N (%)
Never smoker 89,331 (79.5) | 81,139 (83.9) | 6,505 (61.3) |965(39.0) |519(29.1) | 203 (25.2)
Past smoker 12,538 (11.2) | 8,503 (8.8) 2,419 (22.8) | 758 (30.6) 603 (33.8) 255 (31.6)
Current smoker 10,534 (9.4) 7,074 (7.3) 1,697 (16.0) | 753 (30.4) 662 (37.1) 348 (43.2)

Physical activity, times per week, N (%)

0 57,150 (50.8) | 51,556 (53.3) |3,736(35.2) | 902 (36.4) 653 (36.6) 303 (37.6)
1-2 32,126 (28.6) |26,032(26.9) |4,242(39.9) |896(36.2) 664 (37.2) 292 (36.2)
3-4 16,690 (14.9) | 13,782 (14.3) |1,910 (18.0) |490(19.8) |346(19.4) |162(20.1)
>5 6,437 (5.7) 5,346 (5.5) 733 (6.9) 188 (7.6) 121 (6.8) 49 (6.1)

Body mass index, kg/m? mean (SD) 23.7(2.9) 23.7(2.9) 23.8(2.7) 24.1(2.8) 24.3(2.8) 24.6 (2.8)

Systolic blood pressure, mmHg, mean (SD) 123.3 (15.1) 123.2 (15.2) 123.0 (14.5) | 125.7 (14.8) | 127.0(14.8) | 127.4(14.8)
Fasting serum glucose, mg/dL, mean (SD) 98.3 (22.6) 98.0 (22.3) 98.8 (22.6) 102.1 (26.3) | 104.2 (26.3) | 106.0 (28.6)

Total cholesterol, mg/dL, mean (SD) 202.5 (37.1) 202.8 (37.2) 201.0 (36.2) |199.9 (36.4) |198.5(35.7) |198.7 (36.6)
Charlson comorbidity index, N (%)

0 24261 (21.6) | 20,096 (20.8) | 2,735 (25.8) | 671(27.1) |523(29.3) | 236 (29.3)

1 33,927 (30.2) |28,954(29.9) |3,327 (31.3) |812(32.8) 567 (31.8) 267 (33.1)
2 26,300 (23.4) | 22,840 (23.6) | 2,416 (22.8) |530(21.4) 345 (19.3) 169 (21.0)
>3 27,915 (24.8) | 24,826 (25.7) |2,143(20.2) |463(18.7) | 349 (19.6) 134 (16.6)

Table 1. Descriptive characteristics of the study population. Acronyms: SD standard deviation.

to be male, be physically active, have a higher socioeconomic status, be current smoker, and have less medical
comorbidities. To prevent initiation of alcohol consumption, a tailored intervention based on understanding
an individual’s motivation for drinking is necessary. Intervention to engage in other pleasure-related activities
to substitute for alcohol use is appropriate for subjects who drink alcohol as a reward for hard work. Choosing
customized, individualized exercise as a tool for enhancing social fun, enhancing affect, mitigating social anxiety,
and subsequently reducing substance craving could also prevent initiation of alcohol use. Smoking cessation also
needs to be combined with alcohol abstinence.

There are several limitations that need to be addressed. First, the current study utilizes data on alcohol con-
sumption obtained using self-reported questionnaires. Self-reported alcohol consumption tends to be under-
reported, and sales data-based calculations may be more accurate in estimating the actual amount of alcohol
consumption?®. However self-reported measures of alcohol consumption were reasonably accurate among light-
to-moderate drinkers and only heavy drinkers underestimated their consumption®. As less than 1% of the total
subjects consumed more than 4 glasses of alcohol per day, the impact of underestimation by self-reporting may
not alter the results of the current study. Second, a drinking habit, such as a pattern of episodic binge drinking,
also has much influence on clinical outcome?. As there were limited number of subjects who episodically drank
more than 4 glasses of alcohol per day among subjects with light-to-moderate alcohol consumption, a compari-
son between daily drinkers and episodic drinkers was not possible. Third, we could not exclude formal drinkers
who had quit drinking because of multiple comorbidities even though the study population was derived from a
health screening cohort and subjects with preexisting cardiovascular diseases were excluded. Finally, the study
subjects consists of Korean population and generalizability to other countries and ethnicities may be limited.
Future studies that determine the association of a change in alcohol consumption with the occurrence of MACE
in populations with other ethnicities are needed.

In conclusion, a light increase in alcohol consumption to <1 glass per day from a non-drinker status signifi-
cantly reduced the risk of MACE but did not reduce the risk of all-cause mortality. The beneficial effect of light
alcohol increment on MACE may be attributed to selection bias and inappropriate inclusion of sick quitters in
the reference group.
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Alcohol intake during second health examination (drinks per day)

0 >0-<1 >1-<2 >2-<4 >4
MACE
Events 2,271 189 55 46 22
Person-years 285,301 31,442 7,304 5,249 2,373

aHR (95% CI) 1.00 (reference) | 0.79 (0.68-0.92) |0.85 (0.64-1.11) | 0.95(0.71-1.28) | 1.05 (0.69-1.61)
Coronary artery disease

Events 954 88 27 22 14

Person-years 285,301 31,442 7,304 5,249 2,373

aHR (95% CI) 1.00 (reference) | 0.75 (0.60-0.93) | 0.79 (0.53-1.16) | 0.83 (0.54-1.28) | 1.18 (0.69-2.02)
Stroke

Events 1,332 102 29 24 8

Person—years 285,301 31,442 7,304 5,249 2,373

aHR (95% CI) 1.00 (reference) | 0.83 (0.68-1.02) | 0.93 (0.64-1.35) | 1.07 (0.71-1.61) | 0.85(0.42-1.71)
All-cause mortality

Events 1,213 108 25 25 10
Person-years 288,297 31,698 7,392 5,317 2,402

aHR (95% CI) 1.00 (reference) | 0.89 (0.73-1.09) | 0.76 (0.51-1.14) | 1.02 (0.69-1.53) | 1.11 (0.58-2.08)
Death due to external causes | 0 >0-<2 >2

Events 157 21 11

Person-years 288,297 288,297 39,090

aHR (95% CI)

1.00 (reference)

0.89 (0.56-1.42)

2.06 (1.09-3.90)

Table 2. Hazard ratios for cardiovascular disease, all-cause mortality, and death due to external causes
according to change in alcohol consumption among initial non-drinkers. Adjusted hazard ratio calculated
by Cox proportional hazards regression after adjustments for age, sex, household income, smoking, physical
activity, body mass index, systolic blood pressure, fasting serum glucose, total cholesterol, and Charlson
comorbidity index. Death due to external causes, the exposure group were composed of 0, >0-<2, and >2
drinks per day due to the small number of events. Acronyms: MACE major adverse cardiovascular events, aHR
adjusted hazard ratio, CI confidence interval.

Alcohol intake during second health examination (drinks per day)

0

>0-<1

>1-<2

>2-<4

p for interaction

Sex

Men

1.00 (reference)

0.73 (0.61-0.88)

0.81 (0.61-1.09)

0.95 (0.70-1.29)

1.04 (0.68-1.60)

0.70

‘Women

1.00 (reference)

0.92 (0.71-1.18)

1.00 (0.45-2.23)

0.45 (0.06-3.21)

Age, years

<60

1.00 (reference)

0.77 (0.62-0.96)

0.86 (0.60-1.24)

0.78 (0.51-1.19)

1.03 (0.62-1.70)

0.52

=60

1.00 (reference)

0.74 (0.60-0.92)

0.72 (0.48-1.08)

0.94 (0.62-1.42)

0.70 (0.31-1.57)

Physical activity

No

1.00 (reference)

0.73 (0.57-0.93)

0.55 (0.33-0.92)

1.03 (0.67-1.60)

1.48 (0.85-2.57)

0.15

Yes

1.00 (reference)

0.83 (0.69-1.01)

1.05 (0.76-1.45)

0.88 (0.58-1.32)

0.73 (0.37-1.41)

Income

st

1.00 (reference)

0.63 (0.48-0.83)

0.71 (0.43-1.15)

0.77 (0.45-1.32)

1.19 (0.61-2.32)

2-4th

1.00 (reference)

0.88 (0.74-1.06)

0.92 (0.66-1.28)

1.05 (0.74-1.50)

0.96 (0.55-1.66)

Smoking

Never or past smoker

1.00 (reference)

0.81 (0.68-0.96)

1.04 (0.75-1.44)

0.87 (0.56-1.34)

1.51 (0.89-2.57)

0.62

Current smoker

1.00 (reference)

0.74 (0.55-1.00)

0.60 (0.37-0.96)

0.94 (0.62-1.42)

0.60 (0.30-1.22)

Charlson comorbidity index

0-1

1.00 (reference)

0.82 (0.65-1.03)

0.77 (0.51-1.17)

1.24 (0.85-1.81)

1.36 (0.80-2.33)

0.20

22

1.00 (reference)

0.77 (0.63-0.94)

0.90 (0.63-1.30)

0.68 (0.42-1.10)

0.74 (0.37-1.49)

Table 3. Stratified analysis of the association of alcohol consumption change with major adverse
cardiovascular events among initial non-drinkers according to subgroups of sex, age, physical activity,
smoking, and Charlson comorbidity index. Adjusted hazard ratio calculated by Cox proportional hazards
regression after adjustments for age, sex, household income, smoking, physical activity, body mass index,
systolic blood pressure, fasting serum glucose, total cholesterol, and Charlson comorbidity index.
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Alcohol intake during second health examination (drinks per day)

0 >0-<1 >1-<2 >2-<4 >4 p for interaction
Sex
Men 1.00 (reference) | 0.90 (0.72-1.13) | 0.81 (0.54-1.22) | 0.96 (0.63-1.46) 1.13 (0.61-2.13) | 0.56
‘Women 1.00 (reference) | 0.85 (0.54-1.34) - 3.48 (0.86-14.00) | -
Age, years
<60 1.00 (reference) | 1.04 (0.73-1.49) | 0.53 (0.24-1.22) | 1.05 (0.53-2.08) | 0.21 (0.03-1.54) | 0.30
=60 1.00 (reference) | 0.74 (0.58-0.94) | 0.74 (0.47-1.17) | 0.76 (0.40-1.25) 1.36 (0.71-2.64)
Physical activity
No 1.00 (reference) | 0.75 (0.55-1.02) | 0.84 (0.49-1.44) | 1.23(0.75-2.04) 1.19 (0.53-2.67) | 0.84
Yes 1.00 (reference) | 1.02 (0.78-1.33) | 0.68 (0.37-1.24) | 0.80 (0.41-1.56) 1.01 (0.37-2.73)
Income
1st 1.00 (reference) | 0.92 (0.66-1.30) | 0.91 (0.46-1.77) | 0.98 (0.48-1.99) 0.84 (0.21-3.41) | 0.98
2-4th 1.00 (reference) | 0.87 (0.68-1.11) | 0.71 (0.43-1.17) | 1.05 (0.64-1.70) | 1.17 (0.58-2.37)
Smoking
Never or past smoker | 1.00 (reference) | 0.83 (0.66-1.05) | 0.24 (0.10-0.59) | 1.01 (0.66-1.79) 0.79 (0.29-2.10) | 0.16
Current smoker 1.00 (reference) | 0.97 (0.65-1.45) | 1.35(0.85-2.16) | 0.94 (0.48-1.85) 1.44 (0.63-3.27)
Charlson comorbidity index
0-1 1.00 (reference) | 1.33 (0.98-1.80) | 0.85(0.46-1.56) | 1.34 (0.72-2.47) 1.58 (0.65-3.85) | 0.19
>2 1.00 (reference) | 0.66 (0.50-0.86) | 0.65 (0.38-1.11) | 0.85 (0.50-1.44) | 0.80 (0.33-1.94)

Table 4. Stratified analysis of the association of alcohol consumption change with all-cause mortality among
initial non-drinkers according to subgroups of sex, age, physical activity, smoking, and Charlson comorbidity
index. Adjusted hazard ratio calculated by Cox proportional hazards regression after adjustments for age, sex,
household income, smoking, physical activity, body mass index, systolic blood pressure, fasting serum glucose,
total cholesterol, and Charlson comorbidity index.

Methods

Data collected by the National Health Insurance Service-Health Screening Cohort (NHIS-HEALS) between
2007 and 2013 were used for the analysis. NHIS-HEALS provides mandatory health insurance to all Korean
citizens, resulting in an enrolment rate of 98%. Furthermore, the NHIS maintains databases of all insured health
services, and a part of this data is provided for research purposes. The data are obtained from biennial general
national health screening programs for early detection and primary prevention of diseases in Korean adults aged
40 years or older. The NHIS-HEALS database provides data on demographics (age, sex, income status), hospital
utilization (admission date, discharge date, admission diagnosis, cost), and medical check-up results (body mass
index, systolic and diastolic blood pressure, cholesterol profile, liver and renal function results, fasting blood
glucose levels, family history of the disease, smoking habit, drinking habit, exercise status). The NHIS database
has been validated and published elsewhere®.

Among the subjects who provided data on their drinking status at both the first (2007-2008) and second
(2009-2010) medical check-ups, those who respond that they did not drink at all at the first NHIS medical
check-up were included in the analysis. Participants who were diagnosed with cardiovascular disease (n=43,632)
or who died before the index date of 1 January 2011 (n=255) and those with missing information on drinking
habits at the second medical check-up (n=3,187) or on age or sex (n=1906) were excluded. The International
Classification of Diseases, tenth version (ICD-10) codes and hospital admission data (=2 days of admission) were
used to identify stroke (I60-69), and coronary artery disease (I21-24) occurrence during the follow-up period
from 1 January 2011 to 1 December 2013. Similarly, death due to external causes was defined as death caused
by external circumstances including accidents, injury, assault, and poisoning (ICD-10 code: V01-Y98). All the
participants were followed up starting from the index date of January 1, 2011, until the date of onset of a MACE
death, or December 31, 2013, whichever came first.

Alcohol consumption, measured by glass per day at the second medical check-up (2009-2010), was catego-
rized into maintenance of nondrinking (0), >0-<1, >1-<2, >2-<4, and >4 glasses per day. One glass of drink
was considered to contain 10 g of ethanol regardless of beverage type. Hazard ratios (HRs), and 95% confidence
intervals (CIs) for MACE, all-cause mortality according to the change in alcohol consumption were calculated
using Cox regression analysis. Adjustment were made for conventional cardiovascular risk factors including
age, sex, income, body mass index, exercise, history of hypertension, history of diabetes, systolic blood pres-
sure, diastolic blood pressure, low density lipoprotein, high-density lipoprotein, and fasting blood glucose. The
Charlson comorbidity index, which is one of the most widely used index of multiple comorbidities, was also used
for risk adjustment. It is based on the ICD-10 codes from the database including 19 conditions, each of which is
assigned a weight from 1 to 6 based on the predicted risk of mortality. The sum of each score predicts the 10-year
survival of a person by weighting a number of comorbid conditions™. Stratified analysis of the association of
alcohol consumption change was performed with MACE and all-cause mortality according to sex, age, physical
activity, smoking, and Charlson Comorbidity Index (CCI).
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Light drinking Nondrinking

Subgroup Events/N (%) Events/N (%) HR (95% ClI) P Value
Sex 0.56
Men 89 /6485 (1.4) 660 /28994 (2.3)  0.90 (0.72, 1.13) ]
Women 19 /4136 (46) 553 /67722 (.82)  0.85(0.54, 1.34) —a—
Age 0.30
< 60 37 /7548 (49)  230/58330 (.39)  1.04(0.73, 1.49) —a—
= 60 71 /3073 (2.3)  983/38386 (2.6)  0.74 (0.58, 0.94) —a—
Physical activity 0.84
No 42 /3736 (1.1)  788/51556 (1.5)  0.75(0.55, 1.02) ——
Yes 66 /6885 (.96)  425/45160 (.94) 1.02(0.78, 1.33) ——
Income 0.98
1st 39 /4010 (.97)  399/31672 (1.3)  0.92 (0.66, 1.30) —a—
2-4th 69 /6611 (1.00  814/65044 (1.3) 0.87 (0.68, 1.11) ——
Smoking 0.16
Never or past 79/8924  (.89) 1017 /89642 (1.1)  0.83 (0.66, 1.05) ——
Current 29 /1697 (1.7) 196 /7074 (2.8)  0.97 (0.65, 1.45) P
ccl 0.19
0-1 51 /6062 (.84)  321/49050 (.65)  0.85 (0.46, 1.56) } = |
=22 57 /4559 (1.3) 892 /47666 (1.9)  0.65 (0.50, 0.86) —a—
T T T T T
0.25 0.5 1 1.5 2 3

<—Light drinking better =~ Nondrinking better—>

Figure 2. Subgroup analysis of the association of alcohol consumption change with all-cause mortality among
initial non-drinkers.

Analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, NC). All tests were 2-sided, and a
p value of <0.05 was considered significant.

This study was approved by the Seoul National University Institutional Review Board. The board waived
the requirement for informed consent because of the retrospective nature of the study, and the NHIS-HEALS
database was anonymized according to strict confidentiality guidelines before distribution. All methods were
carried out in accordance with relevant guidelines and regulations.

Data availability

The data are available from the corresponding author upon reasonable request.

Received: 1 April 2020; Accepted: 22 July 2020
Published online: 07 August 2020

References

1. Reynolds, K. et al. Alcohol consumption and risk of stroke: a meta-analysis. JAMA 289, 579-588. https://doi.org/10.1001/
jama.289.5.579 (2003).

2. Whitman, I. R. et al. Alcohol abuse and cardiac disease. . Am. Coll. Cardiol. 69, 13-24. https://doi.org/10.1016/j.jacc.2016.10.048
(2017).

3. Lindenbaum, J. & Lieber, C. S. Hematologic effects of alcohol in man in the absence of nutritional deficiency. N. Engl. J. Med. 281,
333-338. https://doi.org/10.1056/NEJM196908142810701 (1969).

4. Criqui, M. H., Langer, R. D. & Reed, D. M. Dietary alcohol, calcium, and potassium: independent and combined effects on blood
pressure. Circulation 80, 609-614. https://doi.org/10.1161/01.¢ir.80.3.609 (1989).

5. Zakhari, S. Alcohol and the cardiovascular system: molecular mechanisms for beneficial and harmful action. Alcohol Health Res.
World 21, 21-29 (1997).

6. Lee, S. . et al. Moderate alcohol intake reduces risk of ischemic stroke in Korea. Neurology 85, 1950-1956. https://doi.org/10.1212/
'WNL.0000000000002165 (2015).

7. Howard, A. A., Arnsten, J. H. & Gourevitch, M. N. Effect of alcohol consumption on diabetes mellitus: a systematic review. Ann.
Intern. Med. 140, 211-219. https://doi.org/10.7326/0003-4819-140-6-200403160-00011 (2004).

8. Meschia, J. E et al. Guidelines for the primary prevention of stroke: a statement for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke 45, 3754-3832. https://doi.org/10.1161/STR.0000000000000046 (2014).

SCIENTIFICREPORTS |  (2020) 10:13419 | https://doi.org/10.1038/541598-020-70304-7


https://doi.org/10.1001/jama.289.5.579
https://doi.org/10.1001/jama.289.5.579
https://doi.org/10.1016/j.jacc.2016.10.048
https://doi.org/10.1056/NEJM196908142810701
https://doi.org/10.1161/01.cir.80.3.609
https://doi.org/10.1212/WNL.0000000000002165
https://doi.org/10.1212/WNL.0000000000002165
https://doi.org/10.7326/0003-4819-140-6-200403160-00011
https://doi.org/10.1161/STR.0000000000000046

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Collaborators, G. B. D. A. Alcohol use and burden for 195 countries and territories, 1990-2016: a systematic analysis for the Global

Burden of Disease Study 2016. Lancet 392, 1015-1035. https://doi.org/10.1016/S0140-6736(18)31310-2 (2018).

O’Keefe, J. H., Bybee, K. A. & Lavie, C. ]. Alcohol and cardiovascular health: the razor-sharp double-edged sword. J. Am. Coll.
Cardiol. 50, 1009-1014. https://doi.org/10.1016/j.jacc.2007.04.089 (2007).

Xi, B. et al. Relationship of alcohol consumption to all-cause, cardiovascular, and cancer-related mortality in U.S. adults. J. Am.
Coll. Cardiol. 70, 913-922. https://doi.org/10.1016/j.jacc.2017.06.054 (2017).

Holmes, M. V. et al. Association between alcohol and cardiovascular disease: Mendelian randomisation analysis based on individual
participant data. BM] 349, g4164. https://doi.org/10.1136/bmj.g4164 (2014).

Stockwell, T. et al. Do “moderate” drinkers have reduced mortality risk? a systematic review and meta-analysis of alcohol consump-
tion and all-cause mortality. J. Stud. Alcohol Drugs 77, 185-198. https://doi.org/10.15288/jsad.2016.77.185 (2016).

Rehm, J. et al. Global burden of disease and injury and economic cost attributable to alcohol use and alcohol-use disorders. Lancet
373, 2223-2233. https://doi.org/10.1016/50140-6736(09)60746-7 (2009).

Rehm, J. The risks associated with alcohol use and alcoholism. Alcohol Research Health 34, 135-143 (2011).

Rimm, E. B., Williams, P,, Fosher, K., Criqui, M. & Stampfer, M. ]. Moderate alcohol intake and lower risk of coronary heart disease:
meta-analysis of effects on lipids and haemostatic factors. BMJ 319, 1523-1528. https://doi.org/10.1136/bm;j.319.7224.1523 (1999).
Wannamethee, S. G. et al. The effects of different alcoholic drinks on lipids, insulin and haemostatic and inflammatory markers
in older men. Thromb. Haemost. 90, 1080-1087. https://doi.org/10.1160/TH03-04-0221 (2003).

Knott, C. S., Coombs, N., Stamatakis, E. & Biddulph, J. P. All cause mortality and the case for age specific alcohol consumption
guidelines: pooled analyses of up to 10 population based cohorts. BMJ 350, h384. https://doi.org/10.1136/bmj.h384 (2015).
Kerr, W. C,, Fillmore, K. M. & Bostrom, A. Stability of alcohol consumption over time: evidence from three longitudinal surveys
from the United States. J. Stud. Alcohol 63, 325-333. https://doi.org/10.15288/jsa.2002.63.325 (2002).

Naimi, T. S. et al. Cardiovascular risk factors and confounders among nondrinking and moderate-drinking U.S. adults. Am. J.
Prevent. Med. 28, 369-373. https://doi.org/10.1016/j.amepre.2005.01.011 (2005).

Makela, P, Paljarvi, T. & Poikolainen, K. Heavy and nonheavy drinking occasions, all-cause and cardiovascular mortality and hos-
pitalizations: a follow-up study in a population with a low consumption level. J. Stud. Alcohol 66, 722-728. https://doi.org/10.15288
/j5a.2005.66.722 (2005).

Stockwell, T. & Chikritzhs, T. Commentary: another serious challenge to the hypothesis that moderate drinking is good for health?.
Int. ]. Epidemiol. 42, 1792-1794. https://doi.org/10.1093/ije/dyt217 (2013).

Leasure, J. L., Neighbors, C., Henderson, C. E. & Young, C. M. Exercise and alcohol consumption: what we know, what we need
to know, and why it is important. Front. Psychiatry 6, 156. https://doi.org/10.3389/fpsyt.2015.00156 (2015).

Smothers, B. & Bertolucci, D. Alcohol consumption and health-promoting behavior in a U.S. household sample: leisure-time
physical activity. J. Stud. Alcohol 62, 467-476. https://doi.org/10.15288/jsa.2001.62.467 (2001).

French, M. T., Popovici, I. & Maclean, J. C. Do alcohol consumers exercise more? Findings from a national survey. Am. J. Health
Promot.: ATHP 24, 2-10. https://doi.org/10.4278/ajhp.0801104 (2009).

Stockwell, T., Zhao, ]. & Macdonald, S. Who under-reports their alcohol consumption in telephone surveys and by how much?
an application of the “yesterday method” in a national Canadian substance use survey. Addiction 109, 1657-1666. https://doi.
org/10.1111/add.12609 (2014).

Northcote, J. & Livingston, M. Accuracy of self-reported drinking: observational verification of “last occasion” drink estimates of
young adults. Alcohol Alcohol. 46, 709-713. https://doi.org/10.1093/alcalc/agr138 (2011).

Roerecke, M. & Rehm, J. Irregular heavy drinking occasions and risk of ischemic heart disease: a systematic review and meta-
analysis. Am. J. Epidemiol. 171, 633-644. https://doi.org/10.1093/aje/kwp451 (2010).

Seong, S. C. et al. Cohort profile: the National Health Insurance Service-National Health Screening Cohort (NHIS-HEALS) in
Korea. BM] Open 7, €016640. https://doi.org/10.1136/bmjopen-2017-016640 (2017).

Quan, H. et al. Updating and validating the Charlson comorbidity index and score for risk adjustment in hospital discharge
abstracts using data from 6 countries. Am. J. Epidemiol. 173, 676-682. https://doi.org/10.1093/aje/kwq433 (2011).

Acknowledgements

This study used data from the Korean National Health Insurance Service (NHIS-2017-2-455). S.M. Park was
supported by the Basic Science Research Program by the National Research Foundation of Korea (Grant Number:
2017R1D1A1B03033721) and Seoul National University Hospital Research Fund (Grant Number: 04-2018-0370).
S Choi was supported by the BK21-Plus Education Program by the National Research Foundation of Korea
(Grant Number: 5262-20180102).

Author contributions

J.Y.C designed the study; J.Y.C, S.C collected the data; J.Y.C, S.C analyzed and interpreted the data; J.Y.C, S.C
wrote the initial draft of the manuscript; J.Y.C, S.C performed the statistical analysis; ].Y.C, S.C, S.M.P revised
the manuscript; S.M.P supervised the study; S.M.P acquired the funding. All authors read and approved the
final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-70304-7.

Correspondence and requests for materials should be addressed to S.M.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFIC REPORTS |

(2020) 10:13419 | https://doi.org/10.1038/s41598-020-70304-7


https://doi.org/10.1016/S0140-6736(18)31310-2
https://doi.org/10.1016/j.jacc.2007.04.089
https://doi.org/10.1016/j.jacc.2017.06.054
https://doi.org/10.1136/bmj.g4164
https://doi.org/10.15288/jsad.2016.77.185
https://doi.org/10.1016/S0140-6736(09)60746-7
https://doi.org/10.1136/bmj.319.7224.1523
https://doi.org/10.1160/TH03-04-0221
https://doi.org/10.1136/bmj.h384
https://doi.org/10.15288/jsa.2002.63.325
https://doi.org/10.1016/j.amepre.2005.01.011
https://doi.org/10.15288/jsa.2005.66.722
https://doi.org/10.15288/jsa.2005.66.722
https://doi.org/10.1093/ije/dyt217
https://doi.org/10.3389/fpsyt.2015.00156
https://doi.org/10.15288/jsa.2001.62.467
https://doi.org/10.4278/ajhp.0801104
https://doi.org/10.1111/add.12609
https://doi.org/10.1111/add.12609
https://doi.org/10.1093/alcalc/agr138
https://doi.org/10.1093/aje/kwp451
https://doi.org/10.1136/bmjopen-2017-016640
https://doi.org/10.1093/aje/kwq433
https://doi.org/10.1038/s41598-020-70304-7
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS |  (2020) 10:13419 | https://doi.org/10.1038/541598-020-70304-7


http://creativecommons.org/licenses/by/4.0/

	Association of change in alcohol consumption with cardiovascular disease and mortality among initial nondrinkers
	Anchor 2
	Anchor 3
	Results
	Discussion
	Methods
	References
	Acknowledgements


