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Abstract

Background.—The relation of lifetime drinking trajectories to coronary heart disease is not well
understood.

Methods.—Cases hospitalized for a non-fatal acute myocardial infarction (AMI) and healthy
population-based controls matched on age and sex completed a physical exam and an interview
covering known AMI risk factors and a detailed lifetime drinking history. Distinct lifetime
drinking trajectories based on ounces of ethanol consumed per decade between ages 10 to 59 years
were derived and characterized according to lifetime drinking patterns associated with each. Sex-
specific multiple logistic regression analyses were conducted to estimate AMI risk among
participants who never drank regularly compared to lifetime drinking trajectories and risk
associated with distinct trajectories among former and current drinkers.

Results.—Two lifetime drinking trajectories were derived, early peak and stable. Early peak
trajectories were characterized by earlier onset of regular drinking, less frequent drinking, more
drinks per drinking day, fewer total drinks, more frequent drunkenness per drinking year, and
reduced alcohol intake or abstention by middle age. Never drinking regularly, reported by
significantly more women than men, was associated with significantly higher AMI risk than stable
lifetime drinking trajectories among men and in the sex-combined analysis of former drinkers
only. Compared to stable lifetime drinking trajectories, early peak trajectories were associated with
significantly higher AMI risk among male former drinkers, among sex-combined former drinkers,
and among female current drinkers.
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Conclusions.—Epidemiological studies of alcohol and health in populations over age 35 may
have underestimated the impact of heavy episodic drinking during adolescence and emerging
adulthood on the cardiovascular system.
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Introduction

A consistent finding in the literature on coronary heart disease (CHD) is that risk is lower
among moderate drinkers than among nondrinkers or heavy drinkers, suggesting a protective
effect of moderate drinking (Kloner and Rezkalla 2007, O’Keefe, DiNicolantonio et al.
2018). Nevertheless, the relationship between alcohol consumption and CHD remains
controversial, both because the relationship is complicated and because alcohol drinking is a
complex behavior that is challenging to assess and analyze with respect to chronic
conditions such as heart disease that develop over the course of a lifetime. Alcohol intake is
associated both with potentially beneficial effects on CHD risk factors such as lipoprotein
profiles and blood clotting factors (Rimm, Williams et al. 1999), and with potentially
detrimental effects on others, such as blood pressure (Roerecke, Kaczorowski et al. 2017),
and these effects may be both acute and cumulative. To investigate the cumulative effects of
alcohol on CHD requires some method of estimating exposure over the lifetime. Much of the
available literature is based on cross-sectional analyses of data from prospective studies of
populations middle-aged and older whose alcohol intake was assessed at the time of
recruitment. These analyses assume that drinking habits are relatively stable, an assumption
that has been challenged by investigations of lifespan drinking trajectories indicating that
alcohol consumption changes markedly over the lifetime, particularly during adolescence
and emerging adulthood (Gruenewald, Russell et al. 2002, Britton, Ben-Shlomo et al. 2015),
periods of the lifetime drinking history that have been rarely examined with respect to CHD.

In addition to the amount of alcohol consumed, the pattern of consumption moderates its
impact on CHD (Rehm, Sempos et al. 2003), a factor ignored in much of the literature. An
analysis employing a mathematically-derived, linear alcohol dose-response model found that
risk of non-fatal acute myocardial infarction (AMI) was inversely related to drinking
frequency, but positively related to dosage, a measure of the extent to which individuals have
more than one drink on days when they drink (Russell, Chu et al. 2009). This is consistent
with findings that associate higher CHD risk with irregular heavy drinking patterns
(Roerecke and Rehm 2010). Irregular heavy drinking patterns, such as binge drinking, are
most prevalent during adolescence and emerging adulthood (Lee and Sher 2018), a period
that may be completely overlooked in cohort studies that assess alcohol intake prospectively
in subjects recruited when they are already entering middle age. Given that much alcohol-
related mortality takes place prior to the age at which participants enter most cohort studies,
this may bias the enrollment of subjects at risk for alcohol-related CVD (Naimi,
Stadtmueller et al. 2019).
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Much of the controversy over epidemiological evidence for a protective effect of moderate
drinking is related to the definition of nondrinking comparison groups. Few previous studies
of coronary heart disease have assessed lifetime drinking patterns in enough detail to
differentiate between lifetime abstainers and former drinkers, and use of either as a
comparison group for drinkers has been questioned on the basis of unadjusted confounding
and reverse causation (Fillmore, Stockwell et al. 2007, Chikritzhs, Fillmore et al. 2009,
Zhao, Stockwell et al. 2017). Reverse causation could occur if poor health kept some
individuals from ever drinking alcohol (lifetime abstainers) and motivated others to quit
drinking (former drinkers) (Shaper, Wannamethee et al. 1988). The effect of poor health on
drinking is evident even in adults younger than 35 years and would bias the relation between
health outcomes and abstention assessed in cohorts enrolled in studies.at age 35 years and
older (Ng Fat and Shelton 2012). In addition, to the extent that drinking alcohol is normative
behavior in a given population, lifetime abstainers may differ from drinkers in ways that
influence CHD, but are not controlled for in comparisons with moderate drinkers (Naimi,
Brown et al. 2005).

Further doubt has been case on the cardioprotective effects of moderate drinking by findings
from Mendelian randomization studies (Toma, Pare et al. 2017). Mendelian randomization
studies address issues related to confounding and reverse causation by employing variants of
alcohol metabolism that influence alcohol consumption but are not related to potential
confounders of the relation between alcohol consumption and CVD risk or susceptible to
reverse causality (Au Yeung, Jiang et al. 2013). A meta-analysis of 56 epidemiological
studies indicated that individuals whose genetic makeup predisposed them to drink less were
at lower risk for CHD even among those reporting low, moderate alcohol intakes (Holmes,
Dale et al. 2014). Shortcomings related to cross-sectional analyses based on a single
measure of alcohol intake were addressed in a recent meta-analysis of six cohort studies that
investigated the relation of drinking trajectories to coronary heart disease. These trajectories
were based on three measures of alcohol intake made over a ten-year period for individuals
all of whom were age 35 years or older at the time of the first assessment (O’Neill, Britton et
al. 2018). The retrospective case-control approach taken in the Western New York Health
Study (WNYHS) extends this research by examining lifetime drinking trajectories based on
assessments of alcohol consumption patterns over participants’ entire drinking careers as
they relate to acute non-fatal myocardial infarction (AMI) among former and current
drinkers.

MATERIALS AND METHODS

Data for the present study were obtained from the Western New York Health Study
(WNYHS) conducted between 1996 and 2001 (Trevisan, Dorn et al. 2004, Dorn, Hovey et
al. 2007). Cases (n = 1,197) were recruited from among patients discharged alive from
hospitals in Erie and Niagara Counties (Western New York State) with a diagnosis of
incident myocardial infarction. Healthy controls from Erie and Niagara Counties (n = 2,850)
were randomly selected using lists of licensed drivers for those ages 35 to 64 and lists from
the Health Care Financing Association for those ages 65 to 69. Exclusion criteria were self-
reported history of cardiovascular disease (prior myocardial infarction, coronary artery
bypass graft surgery, angioplasty or diagnosed angina pectoris, or stroke) or cancer.
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Participation rates were 64.3% for cases and 59.5% for controls; a brief survey of non-
participants indicated no serious response bias (data available upon request).

Participants completed a self-administered questionnaire and were invited to the Center for
Preventive Medicine at the University at Buffalo for an interview and physical exam that
lasted an average of 2.5 hours, at the outset of which a signed informed consent was
obtained. The self-administered questionnaire covered demographical information, a
medical history, a semi-quantitative food-frequency questionnaire on usual dietary intake
during the prior 12 to 24 months (prior to AMI for controls and prior to interview for
controls), and a lifetime history of physical activity. The interview assessed alcohol drinking
patterns and cigarette use over the lifetime and during the prior 12 to 24 months. A blood
sample was obtained for determination of routine chemistry between 7:30 and 9:30 A.M.
after fasting for 8 to 12 hours.

Assessment of Lifetime Alcohol Drinking Patterns

Lifetime alcohol drinking patterns were assessed using a computer-assisted personal
interview to administer the Cognitive Lifetime Drinking History (CLDH) (Russell, Marshall
etal. 1997). A Calendar of Life Events was used to improve recall. We first defined the
general shape of the lifetime drinking profile based on age regular drinking (once a month
for at least six months) was initiated, ages when drinking changed, and the nature of the
change (i.e., did it increase, decrease, or did regular drinking stop). This enabled us to define
periods of abstinence and periods during which drinking patterns were relatively
homogeneous. We defined patterns of drinking within these relatively homogeneous periods
by assessing usual quantity and frequency of intake during a typical four-week period for
specific days of the week (Fridays, Saturdays, Sundays, and weekdays) and days when more
than usual amounts were consumed. Participants used models to define their drink size for
each beverage drunk during the interval (beer, wine, and/or liquor), and they were asked
what proportion of their drinks came from each type of alcoholic beverage drunk, taking
variability in alcohol content of beer and wine into consideration. Also assessed for each
interval was frequency of intoxication (defined as “times you drank enough to get drunk or
very high—your speech was slurred, or you were unsteady on your feet”).

We defined three groups based on lifetime drinking patterns: 1) abstainers--participants who
never drank more than 12 drinks (lifetime abstainers) or who never drank more than 12
drinks during a period of 12 months (very light drinkers); 2) former drinkers—regular
drinkers whose drinking changed and did not continue having at least one drink a month and
who did not resume regular drinking; and 3) current drinkers—regular drinkers who were
still drinking within the prior 24 months. Very light drinkers were combined with lifetime
abstainers because lifetime abstention was rare in our population (4.1% of women and 1.7%
of men) and because we thought such very light drinking was unlikely to significantly
impact the cardiovascular system.

Lifetime drinking variables were derived for former and current regular drinkers, as follows:

1 Total years of drinking. Years between beginning and stopping regular drinking
minus years of abstinence.
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2. Total volume of alcohol consumed (standard drinks): Data on drink size in
ounces, drinks per drinking day, drinking days, beverage type, and ethanol
content of beverage type were used to estimate total volume of ethanol in ounces
consumed over each drinking interval and summed over the lifetime. Total
ounces of ethanol was divided by 0.5 to express total consumption in terms of
standard drinks (e.g., 12 fluid ounces of beer, 5 fluid ounces of wine, or 1.5 fluid
ounces of 80-proof distilled spirits) containing approximately 12 grams of
alcohol.

3. Lifetime drinking frequency. Sum of drinking days over all drinking intervals.

4. Lifetime drinking intensity (drinks per drinking day): Total lifetime drinks
divided by lifetime drinking days.

5. Frequency of intoxication per drinking year. Sum of frequency of intoxication
over all drinking intervals divided by total drinking years.

6. Episodic heavy drinking per drinking year. Sum of days upon which respondents
reported having four or more drinks over all drinking intervals divided by total
drinking years.

7. Lifetime drinking trajectories. Lifetime drinking trajectories were defined using
a group-based modeling approach for identifying distinctive clusters of
individual trajectories within a population and profiling the characteristics of
individuals within the clusters (Nagin 1999, Jones, Nagin et al. 2001, Nagin and
Tremblay 2001).

Assessment of Current Alcohol Drinking Patterns

Current drinking was assessed using CLDH questions on alcohol intake during the period 12
to 24 months prior to the AMI for cases and 12 to 24 months prior to the interview for
controls. Data were used to define the following variables: total drinking days and number of
drinks per drinking day in a typical 28-day period, total drinks consumed in 12 months, and
frequency of getting drunk in 12 months.

Measurements of Potential Confounders

Physical activity.—Average hours of strenuous physical activity per week during the
lifetime. Participants used a Calendar of Lifetime Events to assist them in recalling how
many hours per week they regularly did strenuous leisure time physical activity or exercise,
vigorous household chores, or manual yard work during seven age periods 10-13, 14-18,
19-22, 23-34, 35-50, 51-64, and over 65 years. The total hours for lifetime strenuous
physical activity were obtained by summing hours for each age period and dividing by the
sum of weeks of life for each age period.

Dietary intake.—Diet data for the prior 12 to 24 months were collected using the National
Cancer Institute (NCI) semi-quantitative food frequency questionnaire (Block, Woods et al.
1990). Dietary fiber intake per 1000 kcal and percent calories from saturated fat were used
to represent potential confounding from diet.
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Cigarette smoking.—L.ifetime pack-years of cigarette smoking was estimated from data
on average cigarettes smoked per day during decades of life, corrected for times participants
did not smoke for more than 24 hours. Smoking status was defined as never, former, or
current smoker.

Body Mass Index: Weight (kg)/height (m?). Weight was measured with a beam balance
scale, and height by tape measure, according to a standardized protocol.

Statistical Analysis

Data were analyzed using SAS version 9.1 (SAS Insitute Inc., 2004). Comparison for
continuous variables by ANOVA and by Chi-square test for categorical variables were
performed. Probability values for mean (SD) differences were determined by Student’s t-
tests, and those for variables with a skewed distribution, expressed as medians (interquartile
range), were determined by Wilcoxon’s rank-sum test. A significance level of a=0.017
(approximately 0.05/3) for each separate test was used to guarantee an overall significance
level of no more than 0.05 (Bonferroni correction).

Lifetime drinking trajectories were defined using the SAS procedure, PROC TRAJ. In this
procedure, models specifying different numbers of groups are systematically compared via
the Bayesian Information Criterion (BIC) to determine the optimal number of groups or
trajectory classes. Once the optimal number of groups is determined, the probability of
everyone’s membership in each trajectory class is computed. Data were prepared for
analysis by dividing the total adjusted ounces of ethanol for each decade by lifetime average
intake, and the ratio was logarithmically transformed. This standardization process is
designed to minimize the influence of the inter-individual lifetime drinking level variability
on constructing distinct trajectory groups. Since ethanol consumption in the first and seventh
decades was quite low and did not vary much in the sample, only data for the second
through sixth decades (10 to 59 years) were used for the trajectory analysis.

General linear modeling was performed to examine differences in drinking patterns between
trajectory groups by sex, controlling for age and race. Multiple logistic regression was
employed to calculate odds ratio (OR) and 95% confidence intervals (CI) with AMI status as
a dependent variable. Group membership served as independent variables with potential
confounders entered as covariates. Interaction analysis revealed a significant sex difference
in the association of trajectory group membership with AMI, thus analyses were performed
separately by sex.

RESULTS

A history of regular drinking was reported by 96% of 2055 men and 87% of 1985 women.
Two distinct lifetime drinking trajectories were extracted for study participants who had ever
consumed alcohol regularly, an early peak trajectory, illustrated in Figure 1 for men and
Figure 3 for women, and a stable trajectory, illustrated in Figure 2 for men and Figure 4 for
women. Compared to stable lifetime drinking trajectories, early peak trajectories are
characterized by earlier onset of regular drinking, less frequent drinking, higher numbers of
drinks per drinking day, more frequent drunkenness per drinking year, and a tendency to

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Russell et al.

Page 7

reduce alcohol intake or abstain by middle age (Table 1), such that early peak drinking
trajectories were significantly more prevalent among respondents classified as former
compared to current drinkers at the time of interview, 47.6% vs. 23.9% (p<.0001). The fact
that stable lifetime drinking trajectories are characterized by more frequent drinking for
longer periods of time results in higher lifetime alcohol intakes, despite fewer drinks per
drinking day.

Characteristics of current drinkers are summarized for male and female cases and controls in
Table 2. Both male and female cases were less well educated than controls, and they were
more likely to be hypertensive, diabetic, hypercholesterolemic, and to have a family history
of CHD or diabetes. They also had higher BMIs and were more likely to smoke cigarettes.
Female cases were somewhat older than controls, less likely to be white, and more likely to
be postmenopausal. Male cases consumed a higher percent of their total calories from
saturated fat and somewhat higher levels of dietary fiber, and they were less physically
active. Both male and female cases reported drinking alcohol less frequently than controls.
Male cases reported having more drinks per drinking day on average, bringing their total
average number of drinks up to intakes approximately equal to those of controls. In contrast,
female cases and controls drank about the same number of drinks per drinking day, which
resulted higher average total intakes for controls, given their higher frequency of drinking.
Frequency of intoxication was higher among female cases than controls. There were no
significant differences in lifetime trajectories observed for either men or women.

Characteristics of former drinkers are summarized for male and female cases and controls in
Table 3. Consistent with current drinkers, male and female cases were less well educated
than controls, smoked more during their lifetimes, and were more likely to be current
smokers. Female cases were more likely to be hypertensive, diabetic, and
hypercholesterolemic. Female cases had higher average BMIs and were more likely to be
postmenopausal than controls. No significant differences between cases and controls in
lifetime trajectories were observed for either men or women.

Adjusted odds ratios (ORs) and 95% confidence intervals comparing risk for non-fatal AMI
in abstainers to that in early peak and stable drinkers and risk in early peak to that in stable
drinkers are summarized in Table 4, according to sex and current drinking status. Among
former drinkers only abstainers were at significantly higher risk of AMI than stable drinkers
in men and in the sex-combined analysis. Also among former drinkers, early peak drinkers
showed higher risk of AMI compared to stable drinkers in each sex; however, only in the
sex-combined analysis did the ORs reach statistical significance. Among current drinkers,
early peak drinkers were at significantly higher risk compared to stable drinkers in women,
but not in men.

Previous analyses (Fan, Russell et al. 2008), indicated that early peak drinkers tended to be
approximately ten years younger than stable drinkers, suggesting a cohort effect that might
be obscured by simply adjusting for age. Accordingly, the above analyses were replicated in
subsets of the sample stratified on age, with no appreciable change in the findings.
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DISCUSSION

This is the first time that drinking trajectories covering the entire lifespan, including
adolescence and emerging adulthood, have been investigated with respect to non-fatal acute
myocardial infarction. Our findings that AMI risk was positively associated with early peak
compared to stable lifetime drinking trajectories among former drinkers and current female
drinkers suggest that early onset, high intensity, and binge drinking patterns characteristic of
early peak drinking trajectories contribute significantly to the initiation of atherosclerotic
disease in young people, increasing their risk of AMI later in life. These findings are
consistent with a previous report that risk factors for cardiovascular disease, the metabolic
syndrome and its components, were positively associated with early peak lifetime drinking
trajectories among healthy controls from the WNYHS (Fan, Russell et al. 2008). Although
most epidemiologic research on alcohol and CHD has been carried out in adult populations,
we know of two studies conducted in adolescents and young adults using subclinical
markers of atherosclerosis that predict later cardiovascular events (Juonala, Viikari et al.
2009, Charakida, Georgiopoulos et al. 2019). Data from the ALSPAC Study revealed a
positive relationship between the intensity of alcohol use and arterial stiffness in adolescents
at age 17 years (Charakida, Georgiopoulos et al. 2019), and intensity of alcohol use was also
found to be directly related to carotid intima-media thickness in a study of healthy Finns
ages 24-39 years (Juonala, Viikari et al. 2009). Analyses in both studies controlled for other
cardiovascular risk factors, and no protective effect of moderate drinking on vascular
damage was seen in either study.

From the perspective of lifetime drinking trajectories, it seems likely that the negative
impact of alcohol on cardiovascular disease has been substantially underestimated by
previous epidemiological studies in which alcohol intake has only been assessed in
participants age 35 years and older. We identified five distinct lifetime drinking trajectories
among healthy controls from the WNYHS (Gruenewald, Russell et al. 2002); the trajectory
featuring the highest average alcohol intakes per month peaked in the early 20s and fell to
near zero by the early 40s. The literature on heavy episodic or binge drinking indicates that
prevalence is high in the United States and has a non-linear relation with age, peaking
around 45% at ages 18 to 22 and beginning to drop in the mid-20s (Lee and Sher 2018).
Studies of alcohol use disorders and age show a similar pattern, with severely affected
individuals (six+ symptoms) significantly more likely to drop to abstention or low-risk
drinking in young adulthood than later in life (Lee, Boness et al. 2018). These trends suggest
that many young, heavy episodic, problem drinkers present as abstainers or low-risk drinkers
after the age of 35, and that former drinkers may have been motivated to stop regular
drinking by problems associated with heavy episodic drinking. Thus, higher cardiovascular
risk among subjects abstaining after age 35 or former drinkers compared to drinkers may be
attributable to unassessed harmful drinking patterns during adolescence and emerging
adulthood rather than to a protective effect of moderate drinking. The excess of early-peak
drinking trajectories among former drinkers in the present study provides support for this
hypothesis. Harmful drinking patterns prior to age 35 represent not only an unassessed AMI
risk, but also a potential source of selection bias since they may reduce study participation
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by individuals whose alcohol use has affected their wellbeing (Naimi, Stadtmueller et al.
2019).

However, our finding that AMI risk was higher in men who never drank regularly compared
to those that did cannot be attributed to unassessed youthful drinking. Additional research is
needed to determine whether unadjusted confounding factors may have contributed to this
finding (Naimi, Brown et al. 2005), a possibility made more salient by the fact that failure to
ever drink regularly was rare among men in Western New York State, whereas, failure to
drink regularly was more normative among women, and not associated with increased AMI
risk. Alternatively, given women’s greater sensitivity to the effects of alcohol on health
(Vatsalya, Liaquat et al. 2016), regular drinking may be less protective against AMI among
women than among men.

Gender differences in sensitivity to alcohol may also contribute to a moderating effect of
current drinking status on the relation of lifetime drinking trajectories to AMI risk. Early
peak lifetime drinking trajectories were associated with higher AMI risk than stable
trajectories for both male and female former drinkers, but only for female current drinkers.
We speculate that women may experience cardiovascular damage at levels of consumption
unlikely to interfere with continued drinking, whereas drinking patterns harmful enough to
affect male cardiovascular systems may cause social, legal, work, and other health-related
alcohol problems that motivate them to quit drinking. A possible contributing factor is that
men are more likely than women to receive treatment for problem drinking (Zemore,
Murphy et al. 2014), which could increase abstinence among men whose early peak drinking
was severe enough to affect their CHD risk.

Findings in former drinkers provide information on cumulative effects of alcohol on
cardiovascular health in the absence of potentially confounding acute effects. Thus, the fact
that early peak lifetime drinking trajectories are associated with increased AMI risk among
former drinkers suggests that heavy episodic drinking patterns early in life have long-term,
chronic effects on Ml risk, and that lower AMI risk associated with stable drinking
trajectories may reflect the absence of alcohol-related damage to the cardiovascular system
rather than a protective effect of moderate drinking. Alternatively, the effect of early peak
drinking trajectories on the cardiovascular system may vary over the lifespan, such that
heavy episodic drinking in adolescence and emerging adulthood initiates chronic
atherosclerotic processes, but more moderate drinking patterns in middle age may have some
acute beneficial effects on the cardiovascular system that protect against AMI in susceptible
men, but not women.

We acknowledge several limitations of this study. Perhaps the greatest is that our measure of
alcohol trajectories depends on retrospective self-report of drinking patterns over a lifetime.
Although prospective assessment of alcohol intake poses fewer challenges to memory,
studies demonstrating moderate to high concordance between prospective and retrospective
measures of alcohol intake over lengthy periods of time indicate that drinking patterns are
salient enough to support meaningful retrospective assessment (Czarnecki, Russell et al.
1990, Koenig, Jacob et al. 2009, Greenfield, Nayak et al. 2014, Bell and Britton 2015). As
indicated earlier, the Cognitive Lifetime Drinking History employed a Lifetime Calendar of
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Events to help respondents remember how significant life events may have influenced their
activities and drinking patterns associated with these activities. In addition, computerizing
the interview allowed us to reduce the respondent burden associated with reporting drinking
patterns by collecting data on the component parts of the pattern. For example, respondents
are often asked to report how many standard drinks of alcohol they usually have in a week,
which can be difficult to estimate if their usual drink size isn’t standard, if their usual intake
varies over the course of a week, if their weekly intake varies, or if they sometimes have
more than usual. Directly assessing respondents’ usual drink size and the frequency and
usual quantity of drinking on weekdays, Fridays, Saturdays, Sundays, and times they have
more than usual, using a 28-day framework, both stimulates memory of past weekly and
monthly drinking occasions and provides data for computation of drinking patterns. A test-
retest reliability study demonstrated that lifetime estimates of total ounces of alcohol
consumed and times intoxicated based on CLDH assessments made at least a week apart
were highly comparable in post myocardial infarction patients and healthy controls; no
significant differences in mean estimates were observed, and correlation coefficients ranged
between 0.73 and 0. 83 (Russell, Marshall et al. 1997). Evidence of internal validity is
provided by findings that early peak lifetime drinking trajectories predicted cardiovascular
risk factors among healthy controls from the Western New York Health Study (Fan, Russell
et al. 2008).

Another limitation is that the population of Western New York State is predominately White,
and there were not enough Non-White participants in this study to investigate racial/ethnic
differences in lifetime drinking trajectories and their relations to AMI risk. Trajectories of
heavy drinking (frequency of six+ drinks) from age 21 to 51 in a nationally representative
U.S. sample showed a drop in their twenties among Whites that is consistent with early peak
lifetime drinking trajectories reported here, but heavy drinking trajectories among Blacks
and Hispanic participants differed significantly from those among Whites (Mulia, Karriker-
Jaffe et al. 2017). Additional research is needed to determine how racial/ethnic differences in
lifetime drinking trajectories may influence AMI risk.

It should be recognized that we have not adjusted for an overall effect of total alcohol
consumption in these analyses. Definition of the trajectories is based on ounces of alcohol
per decade of life, a summary measure of alcohol intake that enables identification of
lifetime trajectories but obscures the contribution of drinking patterns to AMI risk, although
there are significant differences between early peak and stable trajectories in the drinking
patterns associated with each. Prior research suggests that it would be useful to investigate
lifetime trajectories based on heavier drinking episodes associated with potentially harmful
physiological changes, such as frequency of binge drinking or intoxication (Roerecke and
Rehm 2010). However, such approaches may be limited, not only by failure to assess these
measures in many studies, but also by the measures themselves. For example, cut points
used to define binge drinking are arbitrary, missing effects of heavy drinking episodes that
don’t quite reach the binge threshold or those greatly exceeding it, and intoxication is
influenced by many factors in addition to alcohol intake (Brick and Erickson 2009), some of
which could affect cardiovascular risk. A possible candidate for further research on lifetime
drinking trajectories is dosage, a measure of the extent to which someone has more than one
drink per drinking day (Russell, Chu et al. 2009). It can be estimated from standard
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measures of drinking frequency and quantity by calculating total drinks for the period
assessed (volume = frequency x quantity) and subtracting frequency. Dosage was
mathematically derived as part of a linear alcohol dose-response algorithm that also included
drinking frequency, and significant negative effects of dosage were associated with AMI risk
in cross-sectional analyses of current drinking after controlling for positive effects of
frequency (Russell, Chu et al. 2009). Accordingly, use of dosage alone to evaluate risk
associated with lifetime drinking patterns is not supported by its original mathematical
derivation; however, as a continuous measure of the extent to which one has more than one
drink on days when one drinks, it may provide information useful in understanding the
contribution of drinking pattern trajectories to AMI risk.

Although we adjusted for the effects of a number of known cardiovascular risk factors, we
cannot rule out the possibility that residual confounding may have occurred, particularly
among male respondents who never drank regularly during their lifetimes. Also, the study is
limited to non-fatal myocardial infarctions.

Conclusions:

Early peak lifetime drinking trajectories, characterized by earlier onset of regular drinking,
less frequent drinking, higher numbers of drinks per drinking day, more frequent
drunkenness per drinking year, fewer total lifetime drinks, and a tendency to reduce alcohol
intake or abstain by middle age, are associated with an increased risk of AMI among former
drinkers and current female drinkers, suggesting that binge drinking during adolescence and
emerging adulthood may have long-term effects on the cardiovascular system that have not
been recognized by previous epidemiological studies that assessed alcohol consumption at
ages 35 and older. From a public health perspective, we already have proscriptions against
binge drinking during adolescence and emerging adulthood based on acute consequences,
such as accidents and an increased risk of alcohol use disorders; however, a better
appreciation of potential long-term health consequences may add weight to moderate
drinking recommendations. Perhaps more importantly, epidemiological research suggesting
that moderate drinking has a protective effect on cardiovascular health needs to be
reevaluated, taking lifetime drinking trajectories into consideration.
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TABLE 4.
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Risk of non-fatal acute myocardial infarction in female and male former and current drinkers, according to
lifetime drinking trajectories (abstainers, “early peak drinkers and stable drinkers): Western New York Health

Study (WNYHS), 1996-2001. Multivariate-adjusted ™ odds ratios, 95% Confidence Intervals.

Former drinkers (n=1266)

Current drinkers (n=2412)

Odds Ratios (95% CI)

Odds Ratios (95%Cl)

WOMEN (n=1972)

Abstainer vs. early peak (ref.)

0.87 (0.44—1.74)

0.63 (0.27—1.49)

Abstainer vs. stable (ref.)

1.24 (0.59—2.58)

1.02 (0.45—2.33)

Early peak vs. stable (ref.)

1.41 (0.82—2.43)

1.63 (1.08—2.44)

MEN (n=2046)

Abstainer vs. early peak

2.48 (0.89—6.91)

1.83 (0.60—5.58)

Abstainer vs. stable

4,05 (1.41—11.67)

1.57 (0.52—4.75)

Early peak vs. stable

1.63 (0.96—2.77)

0.86 (0.66—1.12)

COMBINED (n=4018)

Abstainer vs. early peak

1.13 (0.65—1.96)

0.39 (0.72—2.70)

Abstainer vs. stable

1.77 (0.99—3.18)

1.39 (0.73—2.65)

Early peak vs. stable

1.57 (1.08—2.29)

1.00 (0.80—1.25)

*
Abstainers include lifetime abstainers and very light drinkers (215 controls and 46 cases for women; 38 controls and 41 cases for men).

Hk
Adjusted for: Race (White. Non-white), age at interview, marital status (married or other), family history of CHD and diabetes, years of

education (>12 years vs. <12 years), lifetime average physical activity(<5 hrs/wk vs. 25 hrs/wk)), BMI (= 25 kg/m2 vs. <25 kg/m2), percent of
calories from saturated fat(=10% vs. <10%), smoking status (former smoker vs. others), quartiles of smoking pack years. Menopausal status was
also controlled in female-specific models.
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