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Abstract

Background

Deaths from cardiovascular disease (CVD), including coronary heart disease (CHD) and
stroke are expected to increase in Latin America. Moderate and regular alcohol consump-
tion confers cardiovascular protection, while binge drinking increases risk. We estimated
the effects of alcohol use on the number of annual CHD and stroke deaths and disability-
adjusted life years (DALYSs) in Argentina.

Methods

Alcohol use data were obtained from a nationally representative survey (EnPreCosp 2011),
and etiological effect sizes from meta-analyses of epidemiological studies. Cause-specific
mortality rates were from the vital registration system.

Results

There were 291,475 deaths in 2010 including 24,893 deaths from CHD and 15,717 from stroke.
62.7% of men and 38.7% of women reported drinking alcohol in the past year. All heavy drink-
ers (i.e. women who drank >20g/day and men who drank >40g/day of alcohol) met the definition
of binge drinking and therefore did not benefit from cardioprotective effects. Alcohol drinking
prevented 1,424 CHD deaths per year but caused 935 deaths from stroke (121 ischemic and
814 hemorrhagic), leading to 448 CVD deaths prevented (58.3% in men). Alcohol use was esti-
mated to save 85,772 DALYs from CHD, but was responsible for 52,171 lost from stroke.

Conclusions

In Argentina, the cardioprotective effect of reqular and moderate alcohol drinking is slightly
larger than the harmful impact of binge drinking on CVD. However, considering global
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deleterious effects of alcohol in public health, policies to reduce binge drinking should be
enforced, especially for young people. Studies are still needed to elucidate effects on cardio-
vascular health.

Introduction

Worldwide, non-communicable diseases caused 36 million deaths in 2010, accounting for 63% of
all deaths. Cardiovascular disease (CVD) deaths are increasing globally [1] and cause almost 17
million deaths each year, the majority of which occur in low and middle-income countries.[2] In
Latin America, coronary heart disease (CHD) and stroke cause 42.5% and 28.8% of the CVD
mortality, respectively [3] and it is estimated that between 1990 and 2020, deaths from CVD,
including coronary heart disease, will increase by approximately 145%, compared with an increase
of 28% for women and 50% for men in developed countries during the same period.[4] Between
half to three quarters of the risk can be explained by risk factors such as an unhealthy diet, low
physical activity and tobacco use.[5] In Argentina, 97,107deaths (30.5% of all deaths) were due to
CVD in 2010[6] and CHD and stroke are estimated to cause 600,000 DALYs lost each year. [7]

Alcohol use was one of the most important risk factors for the overall disease burden in 2010
in Latin America.[5] However, epidemiological studies have been scarce in most of its coun-
tries.[8] Alcohol consumption has been a deeply ingrained habit across the region. The region
of Southern Latin America (Chile, Argentina and Uruguay), registers an estimated per-adult
alcohol consumption higher than other regions of Latin America, Asia, Africa and Oceania, but
lower than Europe and similar to North America.[9] Consumption has remained stable at a rel-
atively high level since 1990.[10] For low-income countries, a strong relation between economic
wealth and alcohol consumption has been shown: the higher the gross domestic product, the
higher the overall volume of consumption and the lower the proportions of abstainers. [11]

In some countries of the Latin America alcohol consumption is the leading risk factor in
terms of DALY, causing over 10.0% of the DALY in the region. Moreover, it is increasing for
females, going from fifth place in 1990 to fourth in 2010 for the Latin America and Caribbean
region. [12,13]

Alcohol is a contributing cause for over 200 diseases. The relation is mostly a dose-response
type for most conditions; the more alcohol consumed, the greater the disease risk. However,
regular light alcohol consumption seems to confer protective effects on coronary heart disease
and ischemic stroke as evidenced in several large meta-analyses of observational studies. [14]
This protective effect disappears in individuals with binge drinking.[15] Binge drinking also
increases the risk of hemorrhagic stroke. [16]

Burden of disease estimates for alcohol use and related conditions, such as CVD, have not
been previously described in detail for adults for Argentina. We therefore aimed to estimate
the effects of alcohol use on annual CHD and stroke deaths and disability-adjusted life years
(DALYs) using a recent nationally representative survey.

Methods

We conducted a comparative risk assessment analysis applied to the Argentinean population
to estimate deaths from CHD and stroke that would be prevented in 2010 for subjects aged 35
and older, using as the comparator a hypothetical scenario where nobody would drink alcohol.
The main inputs to the analysis were the current prevalence of alcohol use according to differ-
ent consumption patterns, the etiological effect of alcohol use on disease-specific mortality, the
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case-fatality rates from specific diseases and the total number of disease-specific deaths in the
population.

Data sources

We used the EnPreCosp 2011 to measure the quantity of alcohol consumed and the pattern of
consumption. EnPreCosp is a multi-stage, stratified, cluster-sampling, nationally representative
survey of 34,343 non-institutionalized Argentinean adults aged 16 to 65 years. [17] We obtained
detailed information on frequency, amount, and type of alcoholic beverage consumed. Average
daily alcohol consumption was estimated using a questionnaire focused on both the usual quan-
tity and frequency of drinking, as well as quantity and frequency of binge drinking. We accounted
for complex survey design using sampling weights.

Categorical levels for average volume of pure alcohol per day were selected to be consistent
with previous meta-analyses[18-20] and were defined as follows: abstainer as a person who
does not report having had a drink containing alcohol within the last year; regular drinker as
women who drink less than 20g/day of alcohol and men drinking less than 40 g/day who don’t
engage in binge drinking; and binge drinking was defined as having at least one occasion of
five or more drinks in the last month. All subjects falling above these levels met the definition
of binge drinkers in the survey and were thus categorized as so. We imputed level of alcohol
use in those aged 66 years and more using a multinomial logistic regression.

The relative risk (RR) for each exposure category for CHD[21-23], ischemic stroke and
hemorrhagic stroke[21,23-25] were derived from high-quality published systematic reviews
and meta-analyses of epidemiological studies (Table 1).

Vital registration data from the year 2010 was used to derive the annual cause-specific mor-
tality. [26] We used ICD10 codes: 120-125 for CHD, 160.x-162.x for hemorrhagic stroke and
163.x for ischemic stroke. Since the majority of stroke deaths in death certificates in the coun-
try do not differentiate stroke by ischemic or hemorrhagic type, we allocated codes 164.x/167.
x/169.x proportionally to each stroke type according to the proportion of subtypes observed in
hospital-based stroke registries described by Saposnik et al. [27,28]

We reallocated deaths that were assigned to poorly-defined (garbage) codes. These included
(1) 24,484 deaths that were assigned to "symptoms, signs and poorly defined conditions”
(R00-R99); and (2) 29,439 deaths that were assigned to ill-defined CVD codes (147.2, 149.0,
146, 150, 151.4, 151-5, 151.6, 151.9, 170.9). We reallocated 21.5% of garbage codes to ischemic
heart disease as estimated in the Global Burden of Disease (GBD) 2010 project. [29]

Estimating event rates

Considering lack of local data, in order to estimate age and gender-specific fatal- and-nonfatal
event rates derived from CVD deaths we divided cause-specific mortality rates (by age and
gender) by case fatality rates. This approximation has been widely used in epidemiologic and
health economic models by the World Health Organization in tools such as DisModII or the
WHO-CHOICE and GLOBOCAN(30,31] among others. In the case of CHD, total fatal and
non-fatal acute myocardial infarctions (AMI) and acute coronary syndromes (ACS) were esti-
mated from the official national number of CHD deaths for 2010[26] and 28-day case-fatality
rate for AMI for Southern Latin America (38% in women; 44% in men) [29]; for ACS we con-
sidered case-fatality rates as one-third of those of AMI, according to local sources. [32] For
stroke, total events (hemorrhagic and ischemic ones, fatal and non-fatal) were estimated in the
same manner from national data on stroke deaths and from case fatality rates obtained from
the national hospital discharge registry for the public sector. [33] We assumed that the age dis-
tribution of events presented in the public hospitals discharge registry was representative of
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Table 1. Relative risks of the effects of alcohol use on disease-specific mortality.

Diseases Outcome Sex Age groups Regular Drinkers Binge Drinkers Source of RR
Coronary Heart Disease M 35t0 44 0.6 1 Refs 15-16, 21-23

F 35to 44 0.6 1

M 45to 59 0.63 1

F 45t0 59 0.63 1

M 60 to 69 0.82 1

F 60 to 69 0.82 1

M 70to0 79 0.92 1

F 70to 79 0.92 1

M 80+ 0.97 1

F 80+ 0.97 1

Ischemic Stroke M 35to0 44 0.83 1.41 Refs 21,23-24
F 35to0 44 0.88 1.41
M 45 to 59 0.83 1.41
F 45 to 59 0.88 1.41
M 60 to 69 0.94 1.41
F 60 to 69 0.96 1.41
M 70to 79 0.97 1.41
F 70to0 79 0.98 1.41
M 80+ 1 1.41
F 80+ 1 1.41
Hemorrhagic Stroke M 35t0 44 1.65 2.01 Refs 23-25

F 35to0 44 1.3 2.01
M 45to0 59 1.65 2.01
F 45to0 59 1.3 2.01
M 60 to 69 1.19 2.01
F 60 to 69 1.09 2.01
M 70to 79 1.09 2.01
F 70to 79 1.04 2.01
M 80+ 1 2.01
F 80+ 1 2.01

doi:10.1371/journal.pone.0173704.t001

that of Argentina as a whole (including the private sector). SIC and S1D Table show these
estimations.

Estimating mortality attributable to alcohol

For CHD and stroke separately by subtype, we computed the proportional changes in disease-
specific deaths that would occur if nobody in the population drank alcohol, using the formula
below[34]

_ J7 RR(x)P(x)dx — [ RR(x)P'(x)dx
PAF = [, RR(x)P(x)dx

Where PAF is the Population Attributable Fraction, x = exposure level; P(x) = actual distribution
of exposure in the population; P’(x) = alternative distribution of exposure in the population; RR
(x) = relative risk of cause-specific mortality at exposure level x; and m = maximum exposure
level.
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As alcohol use was a risk measured in categories, we used the discrete version of the same
estimator.

Calculation of disability-adjusted life years (DALY)

We estimated undiscounted DALY for acute myocardial infarction (AMI) (121, 122), acute cor-
onary syndrome (ACS) (120, 124, 125) and stroke (160-164, 167, 169). DALY lost to hemorrhagic
and ischemic stroke were calculated according to the distribution of deaths from these causes.
We followed the GBD Study method[35,36] considering Fox-Rushby individual equations[37]
for Years of Life Lost (YLL) and Years of Life with Disability (YLD). YLLs were calculated tak-
ing into account life expectancy in Argentina. [38] Duration for YLDs were estimated using
DISMOD II[39], it was assumed to be the same for AMI and ACS. All disability weights (DW)
were obtained from Salomon et al 2012. [36] We calculated a unique weight for each of the con-
ditions included (AMI, ACS and Stroke). For AMI we weighted DWSs from days 1-2 and days
3-28 according to the distribution of lenght of stay of hospitalizations due to AMI in the public
sector. [40] For ACS we weighted the DW’s using data on proportion of cases at different sever-
ity levles from a large Spanish coronary heart disease registry. [41] In the case of stroke we mul-
tiplied the DW of each category of severity by the corresponding distribution of cases reported
in Argentinean literature from hospital data. [42] We mapped each DW to their corresponding
category of the modified Rankin Scale (mRS) assuming similar distribution of severity on the
basis of the GBD sequel definition. The mRS is a commonly used scale for measuring the degree
of disability or dependence in the daily activities of people who have suffered a stroke or other
causes of neurological disability. The slight difference between the definition of disability on
mRS and categories in GBD 2010 was regarded as acceptable by a consensus of members of an
international collaborative stroke expert group from a study performed in South Africa, that
used the same methodology. [43] Details of DWs calculations are shown in the S1F Table.

Results

There were 291,475 deaths in 2010. CHD accounted for 24,893 deaths and stroke for another
15,717 (Fig 1). 62.7% of men and 38.7% of women reported drinking alcohol in the past year.
All women who drink more than 20g/day of alcohol and men drinking more than 40 g/day
met the definition of binge drinkers (Table 2). Binge drinking occurred mostly during week-
ends. In addition, binge drinking was more common among beer drinkers (18.7% of men, and
13.8% in women) compared with wine drinkers (12.3% in men and 9.1% in women) or spirits
drinkers (2.3% and 2.0%, respectively). Two-thirds of binge drinkers were younger than 35
years old both in men and women (Table 2) and 38% had education level less than high-school
(38.2% of people in that category).

Alcohol use prevented 1,424 CHD deaths in adults of 35 years and older, but also caused
935 deaths from stroke (121 ischemic and 814 hemorrhagic) (Fig 2). The mortality burden of
alcohol occurred due to higher stroke deaths mainly among binge-drinkers: the total number
of attributable CVD deaths due to binge-drinking was 663 (92.6% occurring in men). In con-
trast, in regular drinkers, the protective effects on CHD mortality were larger than the harmful
effects on stroke, leading to a net benefit or overall saving of 488 deaths. 58% of CHD and
stroke deaths attributable to alcohol use occurred in men, in particular due to larger number
of attributable deaths from hemorrhagic stroke (87% of total stroke deaths) as men consumed
more alcohol and had more binge drinking (Table 3).

As regards the health impact according to level of education, the greatest savings in the
number of attributable deaths in coronary heart disease were seen in people with complete pri-
mary and incomplete high school, in both genders. Accordingly, the highest number of
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Fig 1. CHD and Stroke Deaths by age groups, Argentina 2010.
doi:10.1371/journal.pone.0173704.9001

attributable deaths for both ischemic and hemorrhagic strokes were observed within the same
category. The second group in importance, both for health gains and losses was the one with
the highest educational level (see S1G Table for details).

Alcohol use saved 85,772 DALY from CHD, more in men (74.2%) than in women but was
responsible for 52,171 DALY from stroke (84.8% in men). Overall 33,551 CVD DALYS were

Table 2. Population exposures to alcohol (prevalence percentages). Argentina. EnPreCosp survey

2011.
Abstainers Regular Binge
Drinkers
Men
351049 35.2 40.1 24.8
50 to 64 37.0 45.2 17.8
65t0 79 37.9 49.6 12.5
80+ 38.0 54.1 7.8
35+ 37.0 47.3 15.7
Women

351049 61.2 34.7 4.1
50 to 64 65.7 32.2 2.0
65to 79 69.3 29.7 1.0
80+ 73.2 26.3 0.4
35+ 67.4 30.7 1.9

Abstainer, a person not having had a drink containing alcohol within the last year.

Regular drinker, 0—<20 g of pure alcohol daily (females) and 0—<40 g (males) and not having five or more
drinks in any occasion in the last month.

Binge drinking: having at least one occasion of five or more drinks in the last month.

doi:10.1371/journal.pone.0173704.t002
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Fig 2. CVD deaths attributable to alcohol consumption by gender, Argentina 2010.
doi:10.1371/journal.pone.0173704.g002

averted (Fig 3). The ‘premature death’ (i.e. YLL) component of CHD in men explained this
averted total burden (see S1B Table). Regular drinking explained the averted burden mainly
by CHD condition and mostly in men (Table 4).

Discussion

We estimated that alcohol use averted 1424 deaths from CHD, representing a reduction of 6%
in CHD deaths, but caused 121 ischemic stroke deaths and 814 deaths from hemorrhagic
stroke in 2010 in Argentina, which amount to 6% of total stroke deaths. About half of the adult
population reported drinking alcohol in the last month, and roughly half of them reported
binge drinking, mostly on weekends. We estimated that alcohol use saved 85,772 DALY’ from
CHD but caused 52,171 DALY due to stroke. 58% of CVD deaths attributable to alcohol
occurred in men, particularly among binge drinkers.

Although much dependent on the levels and patterns of drinking, and with variations
across time and countries, the imbalanced risk in terms of gender in cardiovascular and other
mortality burden attributable to alcohol observed in our study has been established before.
[44-46] The GBD project estimates that alcohol use was responsible of 0.75% of total DALY's
for Argentina in 2013. [10] However, we were not able to compare our results directly, as the
country-specific and cause-specific risk factor estimates were not publicly available.[12] It was
previously estimated for the region of the Americas that about 5% of attributable deaths were
due to alcohol.[11] In Brazil, for example, 13% of DALYs in men and 3% in women were
attributed to alcohol in 2004.[11] The only previous Argentinean study on disease burden[47]
estimated that for 2005 the total number of YLLs from all causes attributed to alcohol was
7,263 in men and 641 in women, with a peak between 45 and 64 years of age, for both genders.
The number of total DALY’ from this causes was 49,358 in men and 29,242 in women, totaling
78,600 DALYs, which represented 2.63% of the total burden of disease.

Our study has a number of strengths: effect sizes were derived from large meta-analyses of
observational studies that had adjusted for important confounders. We presented attributable
deaths by age, sex, and by drinking pattern. We used recent national data on mortality with
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doi:10.1371/journal.pone.0173704.g003

garbage code redistribution and local data for the estimation of case fatality ratios. Also, the
estimated CFRs were in line with those reported in a published large meta-analysis of popula-
tion-based studies for low- and middle-income countries for early (21 days to 1 month) stroke

CFR. [48]

Table 4. DALYs lost/averted to alcohol intake by level and pattern of drinking, age and gender -

CVD Condition Age Men Women Both genders

range Regular Binge Total| Regular Binge Total| Regular Binge Total
Drinkers Drinkers Drinkers

Coronary Heart 3510 44 -4,554 0| -4,554 -2,019 0| -2,019 -6,573 0| -6,573

Disease 451059 | -29,940 0|-29,940 | -9,648 0| -9,648 -39,588 0 | -39,588
60 to 69 -17,864 0 -17,864 -4,859 0| -4,859 | -22,723 0| -22,723
70t0 79 -8,236 0| -8,236 -3,238 0| -3,238 | -11,474 0| -11,474
80+ -3,006 0| -3,006 -2,358 0| -2,358 -5,364 0| -5364
Total -63,600 0| -63,600 | -22,122 0| -22,122 | -85,722 0| -85,722

Ischemic Stroke 35t0 44 -235 300 65 -119 42 =77 -354 342 -12
451059 -1,633 | 2,002 369 -519 153 -366 -2,152 | 2,155 3
60 to 69 -1,027 | 2,053 1,026 -279 116 -163 -1,306 | 2,169 863
70t0 79 -603 | 1,969 1366 -238 159 -79 -841 | 2,128 1,287
80+ 0 633 633 0 76 76 0 709 709
Total -3,498 | 6,957 3,459 -1,155 546 -609 -4,653 | 7,503 2,850

Hemorrhagic 3510 44 3,623 | 3,418 7,041 1,420 499 | 500,42 5,043 | 3,917 8,960

Stroke 451059 10,388 | 9,695 | 20,083 3,569 | 1,156 4,725 13,957 | 10,851 | 24,808
60 to 69 3,56 | 5,594 9,154 833 370 1203 4,393 | 5,964 | 10,357
70t0 79 1,082 | 2,819 3,901 347 261 608 1,429 | 3,080 4,509
80+ 0 623 623 0 64 64 0 687 687
Total 18,653 | 22,149 | 40,802 6,169 | 2,350 8,519 24,822 | 24,499 | 49,321

' A negative figure indicates DALYs averted while positive are DALYs lost. Regular drinking averts DALYs
for CHD and IS at both gender and for all age groups; these DALYs averted compensate DALY lost due to
HS. Both DALYs, averted or lost, generally have a maximum at the 45 to 59 age group and decreased
across older age groups.

doi:10.1371/journal.pone.0173704.t004
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The main limitation of our work is related to its focus on CVD: we did not consider other
health consequences of alcohol intake such as its protective effect on diabetes or its harmful
impact on violence, injuries, cancers and gastrointestinal and psychiatric diseases, scope for a
future publication. Alcohol abuse disorder has been estimated in other Latin American coun-
tries as one of the major causes of disease burden: in Peru, one study found it to be the third
cause of total DALY's in 2004;[49] and in Chile, another study projected it to become the fifth
cause of lost DALY's by 2020.[50] Another limitation of our study is that RRs from high-
income countries may not be generalizable to middle-income countries such as Argentina.
Nevertheless, such extrapolation is required to inform policy-making in the absence of local
prospective studies with sufficient follow-up to derive effect sizes. Separating the relative risks
by drinking pattern (i.e. binge versus regular) makes this extrapolation more justifiable as a
major reason for differences in relative risks across populations is different patterns of drink-
ing. The mortality risk of lifetime abstainers do appear to be slightly lower than that of current
abstainers[51]; however, the proportion of former drinkers among abstainers was small in this
survey (5-10% in different age categories), not altering our estimates in a significant way. The
survey used in our analysis may have underestimated alcohol use as the questionnaire did not
include a direct reference to intake of Fernet, an herbal alcoholic drink that is commonly con-
sumed especially in some provinces, although less than one percent of people consuming alco-
hol in EnPreCosp referred consuming “other alcoholic drinks [not beer, wine or spirits]”.

Public policies may reduce alcohol use and improve drinking patterns, and thus have a sub-
stantial preventive capacity. Several policies have been implemented in other countries to pre-
vent the harm caused by alcohol such as imposing extra taxes on alcoholic drinks or imposing
minimum sales prices, reducing availability, reducing hours of sale, and measures to limit
drinking and driving. [52,53] Also, the regulation of alcohol advertisements may play an
important role. [54] These may help reducing the harmful use of alcohol.

Alcohol marketing regulations in the Americas are relatively weak. Currently, most countries
have no statutory regulations for marketing alcohol on national television, radio or the internet.
Marketing strategies include restriction of promotion of alcohol for young people and women;
packaging measures; life-style marketing and sponsorships and use of the social media. [55]

In Argentina, several policies to reduce alcohol intake have been implemented in the last
years, including enforcing compliance with an upper limit of blood alcohol concentration for
drivers through random alcohol checks in several large cities. Countrywide, alcoholic bever-
ages are taxed between 8 to 20%, with the exception of wine which is not taxed, contrary to
what happens in other countries with a wine industry. A national prevention program that has
been in place since 2010 aims to reduce heavy and binge drinking by promoting educational
activities, actions directed at health services like early detection of conditions linked to exces-
sive consumption of alcohol, training health professionals to identify drinkers at risk. The law
also mandates the Social Security System to cover all costs of medical, pharmacological and
psychological services related to treatments of alcohol-related disorders. The law is of national
enforcement, and the provinces adhering determine the competent local authorities to apply
sanctions for noncompliance. Of note, this law does not necessarily reflect the best evidence
prevention practices, and compliance with it may still be quite low. EnPreCosp 2011 showed
that some wine-industrial provinces like Mendoza, San Juan but also Buenos Aires, bear the
highest per-capita consumption.

Partly due to the above policies, alcohol consumption per capita has been steadily declining
in Argentina, reaching less than 10 liters of pure alcohol per capita per year in 2010 compared
with almost 20 liters in 1970. [54] However, our results indicate that there is still an urgent
need to reduce the consumption of alcohol especially binge drinking among younger individu-
als. The National Survey of Risk Factors in 2013 showed that heavy regular consumption
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(>40g per day in men and >20 gr per day in women) decreased slightly (from 10.7% to 9.7%)
as did the percentage of people driving under the effects of alcohol (from 13.2% to 12.1%)
while binge drinking rose (from 8.9% to 10.4%) compared with 2009. [56]

Conclusion

In Argentina, the beneficial effects of regular alcohol use on CHD are only slightly larger than
the harmful impact of binge drinking and on stroke. Policies and programs to reduce binge
drinking should be enforced at national and province levels.
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