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and results

The aim of this study was to examine the association between long-term alcohol consumption, alcohol consumption
before and after myocardial infarction (MI), and all-cause and cardiovascular mortality among survivors of Ml.

The Health Professionals Follow-up Study (HPFS) is a prospective cohort study of 51529 US male health profes-
sionals. From 1986 to 2006, 1818 men were confirmed with incident non-fatal MI. Among MI survivors, 468
deaths were documented during up to 20 years of follow-up. Long-term average alcohol consumption was calculated
beginning from the time period immediately before the first Ml and updated every 4 years afterward. Cox propor-
tional hazards were used to estimate the multivariable-adjusted hazard ratios (HR) and 95% confidence intervals (Cl).
Compared with non-drinkers, the multivariable-adjusted HRs for all-cause mortality were 0.78 (95% Cl: 0.62—-0.97)
for 0.1-9.9 g/day, 0.66 (95% Cl: 0.51-0.86) for 10.0-29.9 g/day, and 0.87 (95% Cl: 0.61-1.25) for >30 g/day
(Pquadratic= 0.006). For cardiovascular mortality, the corresponding HRs were 0.74 (95% Cl: 0.54-1.02), 0.58 (95%
Cl: 0.39-0.84), and 0.98 (95% Cl: 0.60—1.60), Pquadratic= 0.003. These findings were consistent when restricted to
pre- and post-MI alcohol assessments. In subgroup analyses, moderate alcohol consumption was inversely associated
with mortality among men with non-anterior infarcts, and among men with mildly diminished left ventricular function.

Conclusion Long-term moderate alcohol consumption is inversely associated with all-cause and cardiovascular mortality among
men who survived a first Ml. This U-shaped association may be strongest among individuals with less impaired cardiac
function after Ml and should be examined further.
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Introduction may be related to reduced mortality among individuals with estab-

Moderate alcohol consumption is associated with lower risk of
coronary heart disease (CHD) among healthy populations,™ and
this lower risk has translated largely into reduced cardiovascular
and total mor‘cality.s*6 Given that patients who survive a first myo-
cardial infarction (M) are at increased risk of mortality due to rein-
farction or sudden death,”® it is plausible to hypothesize that they
would benefit from moderate alcohol consumption. Recently,
several studies have suggested moderate alcohol consumption

lished CHD, but the data have been limited and somewhat conflict-
ing. In most,”~" but not all studies,’*"® moderate alcohol
consumption is associated with lower total and cardiovascular
mortality among participants with previous MI. A recent
meta-analysis supports the J-shaped relationship between alcohol
consumption and mortality among patients with cardiovascular
disease (CVD)."” However, no prospective studies to date have
included validated measures of alcohol consumption reported
before and after incident MI with long-term follow-up, and few
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have included detailed measures of Ml characteristics and treat-
ment. In this present study, we examined the association
between long-term alcohol consumption among men who sur-
vived a first M, their alcohol consumption before and after M,
and their subsequent risk of all-cause and cardiovascular mortality.

Methods

Study population

The Health Professionals Follow-up Study is a prospective cohort
study among 51529 US male health professionals, aged 40—75 years
in 1986, who completed detailed questionnaires assessing dietary
intake, lifestyle factors, and medical history at baseline. Information
about health and disease is assessed biennially and information about
diet is assessed every 4 years by self-administered questionnaires.'®
After excluding men with previously diagnosed CVD, stroke, or
cancer at baseline in 1986, we prospectively established an inception
cohort study among 1818 men who had survived a first MI during
follow-up from 1986 until 2006. Myocardial infarction was confirmed
by study physicians blinded to participant’s exposure status if it met
the World Health Organization’s criteria (symptoms plus either diag-
nostic electrocardiographic changes or elevated levels of cardiac
enzymes).'”?° All participants gave written informed consent and
the Harvard School of Public Health Human Subjects Committee
Review Board approved the study protocol.

Assessment of alcohol consumption

Alcohol consumption was assessed every 4 years using a 131-item
semi-quantitative food frequency questionnaire (FFQ). Participants
were asked to report their average intake of beer, white wine, red
wine, and liquor in the previous year. Standard portions were specified
as a glass, bottle, or can of beer, a 4 oz glass of wine, and a shot of
liquor. For drinking habits for each beverage type, there were nine pos-
sible response categories ranging from ‘never’ or ‘less than once per
month’ to ‘6 or more times per day’. To determine total grams of
alcohol intake, we multiplied the frequency of each beverage type by
the ethanol content in each portion (12.8 g for beer; 11.0 g for wine;
14.0 g for liquor), and computed the sum of the beverage-specific
intakes.

Previous work in this group has validated the assessment of alcohol
consumption using the FFQ method. Among 136 men from this
cohort, comparisons were made between alcohol assessment using
the FFQ and multiple-week diet records over the same time period
(gold standard), and were shown to be highly correlated (Spearman,
r=1086).%"

Assessment of covariates

Dietary covariates were assessed every 4 years by questionnaire, and
other lifestyle and medical factors were assessed every 2 years. Poten-
tial covariates included age, body mass index (BMI), marital status,
smoking status, physical activity, total caloric intake, medication use,
history of diabetes and hypertension, and family history of early MI.
Detailed information on MI treatment and severity, including
ST-segment elevation, heart failure during hospitalization, left ventricu-
lar ejection fraction (LVEF), creatinine levels, acute therapy (thrombo-
lytics or angioplasty), and site of initial Ml were extracted from medical
records from locally treating hospitals.

Outcome ascertainment

The primary outcome in all analyses was total mortality occurring after
the first non-fatal Ml followed through 30 June 2006. Deaths were
identified from state vital records and the national death index or
reported by the participant’s next of kin or the postal system.* Car-
diovascular mortality was assessed as a secondary outcome, which
included fatal Ml, fatal stroke, and CHD, and was confirmed by
review of medical records or autopsy reports with the permission of
the next of kin. Through the end of follow-up, we confirmed 486
total deaths, of which 243 were confirmed as primary cardiovascular
of origin.

Statistical analyses

We calculated average alcohol consumption from all available ques-
tionnaires from the start of each follow-up time period immediately
before the first Ml and subsequently updated intake every 4 years
post-Ml as part of the usual questionnaire follow-up cycles to best rep-
resent long-term alcohol consumption. Person-months of follow-up
accumulated starting with the date of first Ml until the occurrence of
death or end of the study period (30 June 2006), whichever came
first. The main exposure of total alcohol consumption was divided
into four categories: 0, 0.1-9.9, 10.0-29.9, and >30 g/day. These cat-
egories were created to correspond approximately to 0, 1, 2, and >2
drinks per day.

Given the prospective nature of this inception cohort, we were
uniquely able to compare pre-Ml alcohol consumption with post-Ml
alcohol consumption among participants who reported alcohol
intake on questionnaires immediately before and after their Ml. In
exploratory secondary analyses, we assessed whether the association
between alcohol consumption and mortality among MI survivors
differed by pre- or post-MI alcohol intake.

We used analysis of variance tests for continuous variables and the
x* test for categorical variables to evaluate associations of lifestyle and
clinical characteristics across alcohol categories. Cox proportional
hazards analyses were used to estimate the hazard ratios (HR) and
95% confidence intervals (Cl). The Cox proportionality assumption
was checked and met using the likelihood ratio test. The basic
model adjusted for age, questionnaire follow-up cycle, and smoking
(never, past, current <15 cigarettes/day, current >15 cigarettes/
day). Multivariable models further adjusted for BMI (<21, 21-22.9,
23-249,25-27.4, 27.5-29.9, >30 kg/m?), physical activity (quintiles),
diabetes, hypertension, aspirin use, use of lipid-lowering medication,
and heart failure during hospitalization. Tests for linear trend (Pyend)
were calculated using the mid-point of the categories for grams of
alcohol per day and modelled as a continuous variable without the
quadratic term. This value squared was used to model the quadratic
trend (Pquag). All P-values presented are two-sided and P-values
<0.05 were considered statistically significant. All analyses were
conducted using SAS software version 9 (SAS Institute, Inc., Cary,
NC, USA).

Results

Table 1 shows the baseline characteristics of the 1818 men who
survived incident MI, categorized by alcohol consumption.
Overall, men, who consumed more alcohol, were more likely to
be current smokers (P < 0.001) and use aspirin (P = 0.004), and
were less likely to have prevalent diabetes (<0.001).
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Table | Baseline lifestyle and clinical characteristics of 1818 men with incident non-fatal myocardial infarction in the

Health Professionals Follow-up Study

Alcohol consumption (g/day)

0
Lifestyle characteristics®
n 515
Alcohol (g/day) 0
Current smoker (%) 8.3
Married (%) 82.7
BMI (kg/m?) 267 +32
Diabetes (%) 169
Hypertension (%) 40.8
Aspirin use (%) 50.0
Lipid-lowering medication (%) 10.5
Clinical characteristics during hospitalization
Anterior Ml (%) 242
ST-elevation Ml (%) 373
Heart failure during hospitalization for Ml (%) 8.4
Abnormal left ventricular ejection fraction (%)® 104
Acute therapy (%)° 30.7

0.1-9.9 10.0-29.9 >30.0 P-value*
719 420 164
31+ 21 158 + 1.3 429+13 <0.001
10.5 12.0 20.8 <0.001
79.3 81.0 78.0 0.46
26.7 + 3.0 26.6 + 3.1 26.8 + 3.1 0.87
8.7 9.0 52 <0.001
3941 42.0 383 0.70
53.0 61.1 57.8 0.004
14.2 12.8 127 0.28
27.0 25.5 159 0.02
44.6 36.0 40.5 0.01
8.9 7.0 5.0 0.36
9.1 9.2 75 0.88
352 30.7 316 0.23

?All characteristics are age standardized. Values are mean + standard deviation for continuous variables, except for alcohol, which is shown as log-transformed geometric mean +

standard deviation, and proportions for categorical variables.

®Defined as the left ventricular ejection fraction <40% or marked abnormal in medical records.

“Defined as acute fibrinolytic therapy or primary angioplasty.

*P-values determined by analysis of variance for continuous variables and x* test for categorical variables.

Table 2 Long-term alcohol consumption and risks for total death and death due to cardiovascular disease among 1818

men with incident non-fatal myocardial infarction

Long-term alcohol consumption (g/day)

0 0.1-9.9 10.0-29.9 >30.0 Pirend™ Pquad
Total deaths 168 161 97 42
Hazard ratio (95% CI)* 1.0 0.75 (0.60—-0.93) 0.61 (0.47-0.79) 0.77 (0.54-1.10) 0.03 0.003
Multivariable-adjusted hazard ratio (95% CI)b 1.0 0.78 (0.62—-0.97) 0.66 (0.51-0.86) 0.87 (0.61-1.25) 0.14 0.006
Cardiovascular deaths 92 81 47 23
Hazard ratio (95% Cl)? 1.0 0.71 (0.52-0.96) 0.52 (0.36-0.75) 0.80 (0.50-1.29) 0.07 0.002
Multivariable-adjusted hazard ratio (95% CI)b 1.0 0.74 (0.54-1.02) 0.58 (0.39-0.84) 0.98 (0.60—1.60) 0.32 0.003

?Adjusted for age at diagnosis, questionnaire follow-up cycle, and smoking.

PMultivariable adjusted further for BMI, physical activity, diabetes, hypertension, lipid-lowering medication, aspirin use, and heart failure at MI.

*P for linear trend.
**P for quadratic trend.

Long-term alcohol consumption
and mortality

Moderate alcohol consumption of up to two drinks per day was
significantly inversely associated with both all-cause and cardiovas-
cular mortality in basic and adjusted models. The multivariable-
adjusted HRs for total mortality were 0.78 (95% ClI: 0.62—0.97)
for 0.1-9.9 g/day, 0.66 (95% Cl: 0.51-0.86) for 10.0-29.9 g/day,

and 0.87 (95% CI: 0.61-1.25) for >30g/day (P for quadratic
trend = 0.006) (Table 2). Similarly, for cardiovascular mortality,

the adjusted HRs were 0.74 (95% Cl: 0.54—1.02) for 0.1-9.9 g/
day, 0.58 (95% Cl: 0.39-0.84) for 10.0-29.9 g/day, and 0.98
(95% CI: 0.60—-1.60) for >30g/day (P for quadratic trend =
0.003). Additional adjustments for caloric intake, omega-3 fatty

acids, ST-elevation and site of initial MI, and creatinine did not
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Table 3 Beverage-specific long-term alcohol consumption and risks of total death among 1818 men with incident

non-fatal myocardial infarction

Long-term alcohol consumption (g/day)

0 0.1-9.9 10-29.9 >30 Perend Pquad™*

Beer

Total deaths 274 165 21 6

Hazard ratio (95% CI)? 1.0 1.04 (0.82-1.31) 0.96 (0.63-1.46) 1.09 (0.46-2.60) 0.38 0.80

Multivariable-adjusted hazard ratio (95% CI)® 1.0 0.98 (0.77-1.24) 0.84 (0.52-1.35) 0.95 (0.39-2.32) 0.29 0.96
Wine

Total deaths 250 185 30 1

Hazard ratio (95% CI)* 1.0 0.78 (0.62-0.97) 0.81 (0.54-1.20) 0.85 (0.12-6.33) 0.16 0.02

Multivariable-adjusted hazard ratio (95% CI)° 1.0 0.93 (0.74-1.17) 1.07 (0.71-1.62) 1.22 (0.16-9.17) 0.99 0.36
Liquor

Total deaths 286 114 45 23

Hazard ratio (95% CI)? 1.0 0.77 (0.60—0.98) 0.83 (0.59-1.18) 0.80 (0.51-1.26) 0.20 0.24

Multivariable-adjusted hazard ratio (95% CI)® 1.0 0.80 (0.63—-1.02) 0.84 (0.59-1.20) 0.89 (0.56—-1.41) 0.40 0.26

?Adjusted for age at diagnosis, questionnaire follow-up cycle, smoking, and each specific alcohol beverage type.
®Multivariable adjusted further for BMI, physical activity, diabetes, hypertension, lipid-lowering medication, aspirin use, and heart failure at MI.

*P for linear trend.
**P for quadratic trend.

appreciably attenuate the risk estimates. Although HRs were
similar across alcoholic beverage types, in analyses mutually
adjusted for beer, wine, and liquor, there was no significant asso-
ciation between specific beverage type and mortality (Table 3).

Change in alcohol consumption
pre- and post-myocardial infarction

Levels of alcohol consumption before and after diagnosis of Ml were
highly correlated (Spearman r = 0.83), and the majority of partici-
pants did not change alcohol consumption after diagnosis of Ml
(Figure 1). Compared with non-drinkers, the multivariable-adjusted
HRs for total mortality were 0.91 (95% Cl: 0.72—-1.16) for 0.1—
9.9 glday, 0.70 (95% Cl: 0.52—-0.93) for 10.0-29.9 g/day, and 1.00
(95% CI: 0.70—1.42) for >30 g/day according to pre-Ml alcohol
only, whereas the corresponding HRs were 0.90 (0.71-1.13), 0.70
(0.52-0.92), and 0.79 (0.53-1.17) according to post-MI alcohol
only. For cardiovascular mortality, the multivariable-adjusted HRs
were 0.74 (95% Cl: 0.52—-1.04) for 0.1-9.9 g/day, 0.78 (95% ClI:
0.53-1.15) for 10.0-29.9 g/day, and 0.85 (95% Cl: 0.50—1.44) for
>30 g/day according to pre-Ml alcohol only, and the corresponding
HRs were 0.73 (0.53—-1.01), 0.62 (0.42-0.93), and 0.77 (0.44—1.35)
according to post-Ml alcohol only. The nadir of the U-shaped trend
for both total and cardiovascular mortality was consistently
observed in the group consuming 10—-29.9 g of alcohol per day
according to post-MI alcohol.

In a subset of 1633 participants who reported alcohol during the
questionnaire cycles immediately before and after Ml diagnosis, we
examined specific changes in alcohol consumption with risk of mor-
tality without updating alcohol intake (Table 4). Compared with men
who did not drink alcohol both before and after MI, consuming

10-29.9 g/day both before and after Ml diagnosis was inversely asso-
ciated with total mortality. In these exploratory analyses, increasing
consumption from <10 g/day to 10-29.9 g/day after MI was sug-
gestive of an inverse association with total and cardiovascular
death. However, the Cl included 1.0 after multivariable adjustment,
consistent with the small number of cases in this subpopulation.

Stratified analyses by myocardial
infarction characteristics

The inverse association with moderate alcohol consumption was
examined in subgroup analyses by the initial site of Ml and LVEF.
Among the 1298 men with available initial site of MI, moderate
alcohol consumption was significantly inversely associated with
mortality among men with non-anterior Mls, but not for men
with anterior Mls. Compared with non-drinkers, the multivariable-
adjusted HRs for total mortality were 0.66 (95% Cl: 0.38—1.14) for
0.1-9.9 g/day, 0.58 (95% Cl: 0.32-1.07) for 10.0-29.9 g/day, and
0.93 (95% ClI: 0.37-2.33) for >30 g/day (P for quadratic trend =
0.09) among anterior infarcts, whereas among non-anterior
infarcts, the corresponding HRs were 0.78 (95% CI: 0.56—1.10)
for 0.1-9.9 g/day, 0.51 (95% ClI: 0.33-0.79) for 10.0-29.9 g/day,
and 0.72 (95% Cl: 0.42-1.26) for >30g/day (P for quadratic
trend = 0.02). Additionally, among 973 men with available LVEF
information, moderate alcohol consumption was inversely asso-
ciated with all-cause mortality among men with normal or mildly
diminished left ventricular function, but was not associated with all-
cause mortality among men with diminished left ventricular func-
tion. Compared with non-drinkers, the multivariable-adjusted
HRs for total mortality were 0.65 (95% Cl: 0.43-0.98) for 0.1-
9.9 g/lday, 0.48 (95% Cl: 0.29-0.79) for 10.0-29.9 g/day, and 1.13
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Figure | Alcohol consumption in relation to myocardial infarction diagnosis—percentage of participants changing alcohol consumption post-
myocardial infarction diagnosis compared with their pre-myocardial infarction alcohol consumption.

(95% Cl: 0.58-2.23) for >30 g/day (P for quadratic trend = 0.001)
among men with normal or >40% LVEF, whereas the corresponding
HRs among men with abnormal or <40% LVEF were 1.00 (95% Cl:
0.40-2.51) for 0.1-9.9 g/day, 0.83 (95% ClI: 0.26—2.64) for 10.0—
29.9 g/day, and 0.97 (95% Cl: 0.18—5.15) for >30 g/day (P for quad-
ratic trend = 0.82). These results suggest that moderate alcohol
consumption may be more beneficial for men with non-anterior
infarcts or with mildly diminished ventricular function, but it
should be noted that the Cl overlap in these subgroups.

Discussion

In this inception cohort of male health professionals with a first Ml,
moderate alcohol consumption was inversely associated with total
and cardiovascular mortality. This inverse association may be
weaker among men with a higher risk of subsequent mortality
based on initial Ml severity.

Previously, the US Physicians’ Health Study reported that two to
six drinks per week at baseline was associated with a 30% lower
risk of total and cardiovascular mortality among men with a
history of ML'" Retrospectively recalled moderate alcohol con-
sumption at the time of Ml was associated with a reduced risk of
total and cardiovascular mortality in the Ml Onset Study’ and
the Stockholm Heart Epidemiology Program study,'® but the esti-
mates were not statistically significant after adjustment for poten-
tial confounders. For post-MI alcohol assessments, habitual
moderate wine consumption during follow-up was associated
with significantly reduced risk of cardiovascular complications in
the Lyon Diet Heart Study;'? however, light-moderate alcohol
consumption up to 1 year after Ml was not significantly associated
with mortality, angina, or hospitalizations in the Prospective
Registry Evaluating Myocardial Infarction: Event and Recovery
(PREMIER) study.'® This present study differs from the previous

studies in several ways. In particular, our study is the first prospect-
ive study to evaluate alcohol use before Ml occurrence, after inci-
dent MI, and long-term risk of mortality. These findings are
consistent with results from previous studies that reported moder-
ate alcohol consumption was beneficial among Ml survivors, but
we further incorporated prospective measures of and changes in
alcohol intake, beverage type, detailed adjustment for potential
confounders, and additional risk stratification based on Ml severity.

The associations of moderate alcohol consumption with lower
risk and better prognosis of CVD may work through several bio-
logical mechanisms. In a large meta-analysis, moderate alcohol con-
sumption of 30 g/day was associated with a significant 4.0 mg/dL
increase in HDL cholesterol.® In addition to positive HDL effects,
moderate alcohol consumption has been associated with improved
insulin sensitivity,”* decreased fibrinogen levels,”> and decreased
levels of inflammatory markers,?® such as C-reactive protein and
interleukin-6. Furthermore, moderate alcohol consumption has
been significantly associated with less coronary calcification among
asymptomatic subjects®” as well as reduced progression of coronary
atherosclerosis among Ml survivors with serial angiographic mea-
surements.”® Additionally, some of these effects may have a short
latency. In healthy populations® and in our study, participants who
increased their consumption from little or none up to moderate
levels had a suggestion of subsequent lower risk of mortality com-
pared with those who stayed abstainers.

We also found that the inverse association of moderate alcohol
consumption after Ml may depend on initial Ml treatment and se-
verity. Anterior wall infarct location is associated with larger infarct
size,30 reinfarction,31 subsequent heart failure,32 and greater risk of
mortality,’® compared with non-anterior infarcts. Our results show
that moderate alcohol consumption is beneficial among men with
non-anterior infarcts. Nevertheless, maybe due to limited sample
size, no statistically significant difference was found between non-
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anterior and anterior group and further research is needed. Add-
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&z £ REF TR LT = B prospective nature of the data collection which provided unique
3 S T 2 4 .
% .g 2 9‘01 ?‘3 S 8 9‘01 E 2 &g ability to assess updated alcohol consumption truly before and after
o 2 0 2@ o0 2o . . . . .
« & S T BEEL 2E B ke ﬁ MI until the end of follow-up, detailed muiltivariable adjustment for
o E s 555558 | 3E4 : i
= 3 < g5 %2 §S T s gsg lifestyle and health factors, subgroup analyses based on characteristics
N = c Z = c == vl . B
ﬁ s i g E % s § i’é < 22 Y of the initial M, and also the ability to compare change in alcohol
% : PRl

consumption before and after diagnosis of Ml.
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Our results clearly support the hypothesis that long-term mod-

erate alcohol consumption among individuals with prior Ml may be
beneficial for all-cause and cardiovascular mortality. This U-shaped
association may be stronger among men with better long-term
prognosis after Ml and further examination is warranted to deter-
mine the suitability of moderate alcohol consumption among indi-
viduals with other severe cardiovascular conditions.
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An unusual cause of systolic murmur
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An asymptomatic 46-year-old man
was referred to our institution for
evaluation of a cardiac murmur
discovered in a routine medical
checkup. Physical examination
showed a harsh systolic murmur
IVIVI in the left parasternal edge.
An electrocardiogram  showed
negative T-waves in left precordial
leads. Transthoracic echocardio-
gram was normal, except for an
apical protrusion of 3 x4cm
(Panel A; see Supplementary ma-
terial online, Video S7), which
appeared to have its own endocar-
dium, myocardium, and pericar-
dium. Acceleration through its
narrow neck with a peak gradient
of 95 mmHg (Panel B; see Supple-
mentary material online, Video S2)
was revealed by colour and con-
tinuous Doppler. These findings
were confirmed by contrast echo
(Panel C; see Supplementary ma-
terial online, Video S3) and
cardiac magnetic resonance cine images (Panels D and E; see Supplementary material online, Video S4A and B). Delayed-enhancement

imaging showed intramyocardial fibrosis in the diverticulum (Panels F and G).

These findings were compatible with an isolated muscular left ventricular apical diverticulum. The patient preferred conservative
management, and serial follow-up was decided.

Congenital ventricular diverticulum is a rare congenital cardiac defect, which can be muscular or fibrous. The fibrous type is a non-
contractile ventricular protrusion. The muscular type is usually located in the apex and may show active contraction as it contains the
three cardiac layers. Most of the cases are associated with midline thoracoabdominal defects and other heart malformations and are
therefore detected in children. In contrast, patients with an isolated left ventricular diverticulum generally remain asymptomatic.
However, due to potential risk of life-threatening complications such as cardiac rupture or ventricular tachycardia, correct attitude
in asymptomatic patients remains controversial.

Supplementary material is available at European Heart Journal online.
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