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Abstract

Background.—Alcohol consumption in later life has increased in the past decade, and the
relationship between alcohol consumption and mortality is controversial. Recent studies suggest
little, if any, health benefit to alcohol. Yet most rely on single time-point consumption
assessments, and minimal confounder adjustments.

Methods.—We report on 16 years of follow-up from the Health and Retirement Study (HRS)
cohorts born 1931-1941 (N=7,904, baseline mean age=61, SD=3.18). Respondents were queried
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about drinking frequency/quantity. Mortality was established via exit interviews and confirmed
with the national death index. Time-varying confounders included but were not limited to
household assets, smoking, BMI, health/functioning, depression, chronic disease; time-invariant
confounders included baseline age, education, sex, race.

Results.—After adjustment, current abstainers had the highest risk of subsequent mortality,
consistent with sick quitters, and moderate (Men: HR=0.74, 95% C.I. 0.60-0.91; women:
HR=0.82, 95% C.I. 0.63-1.07) drinking was associated with a lower mortality rate compared with
occasional drinking, though smokers and men evidenced less of an inverse association.
Quantitative bias analyses indicated that omitted confounders would need to be associated with
~4-fold increases in mortality rates for men and ~9-fold increases for women to change the results.

Conclusions.—There are consistent associations between moderate/occasional drinking and
lower mortality, though residual confounding remains a threat to validity. Continued efforts to
conduct large-scale observational studies of alcohol consumption and mortality are needed to
characterize the changing patterns of consumption in older age.

Keywords
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Introduction

The nature of the relationship between moderate drinking and mortality remains
controversial. Moderate drinkers have lower mortality rates than abstainers and heavy
drinkers (Brien et al., 2011; Di Castelnuovo et al., 2006; Thun et al., 1997), and evidence
suggests that small amounts of alcohol may have beneficial effects on high-density
lipoprotein cholesterol and cardiovascular health (Zhao et al., 2017), especially cardio-
atherosclerotic disease (Bagnardi et al., 2013; Nurmi et al., 2013; Rehm et al., 2016a, 2006)
at older ages. Occasional or moderate drinking is associated with a reduced risk to die from
ischemic heart disease and stroke over age 60, (Blomster et al., 2014; Leong et al., 2014;
Liang et al., 2012) compared with heavy drinking and complete alcohol abstention.
Randomized trials find that small amounts of alcohol are associated with better
cardiometabolic profiles among diabetic and stroke patients (Gepner et al., 2015; Rist et al.,
2010), though sample sizes are small, benefits were only found for specific subgroups, and
results may not generalize to those who have not yet experienced adverse events.

While the protective association between moderate consumption and mortality for older
adults is well-replicated, experts continue to debate its validity (Connor, 2006; Greenfield
and Kerr, 2014; Kerr et al., 2011; Keyes and Miech, 2013; Rehm et al., 2008; Wannamethee
and Shaper, 1998), and consensus on these debates has important public health impact, given
the widespread consumption of alcohol in the US (Greenfield and Kerr, 2014; Rehm et al.,
2016b). Relative to abstainers and heavy drinkers, moderate drinkers are wealthier and
present more protective factors for cardiometabolic health (Cerda et al., 2011; Dawson et al.,
2013; French et al., 2009; Lang et al., 2007; Naimi et al., 2005; Rehm et al., 2009; Skog,
1985), and many studies do not have comprehensive information sufficient for confounder
control. Further, the extent to which associations arise because of reverse causation
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(individuals reducing consumption due to illness) remains a threat to validity (Licaj et al.,
2016; Ortola et al., 2018; Stockwell et al., 2016). An instrumental variable approach like
Mendelian randomization, which does not rely on standard confounder control,
demonstrates little evidence for a protective effect of moderate consumption on
cardiovascular disease (Cho et al., 2016; Holmes et al., 2014; Millwood et al., 2019; Taylor
etal., 2015).

Further, among studies that demonstrate an inverse association between moderate intake and
alcohol, the association is not uniform. Previous research has found that the association is
lower among African Americans and women compared with Whites and men (Fuchs et al.,
2004; Rehm and Sempos, 1995; Sempos et al., 2003), as well as those with specific genetic
polymorphisms (Gepner et al., 2015). However, existing evidence is based on either single
time points of alcohol consumption, or in the case of genetic analyses, small sample sizes.

Finally, most epidemiological studies of alcohol and mortality have used single-time
assessments of drinking, thus not able to assess the dynamics of consumption over time
(Connor, 2006; Fillmore et al., 2007; Rehm et al., 2009). Indeed, a recent review and meta-
analysis indicated that of over 80 studies that have examined alcohol consumption and death,
only six were classified as meeting basic benchmarks of epidemiological rigor; of those six,
only three had longitudinal information on consumption (Stockwell et al., 2016); those six
showed little evidence for a mortality benefit of moderate consumption. Indeed, several
scholars have suggested that observational studies simply cannot address questions of the
relationship between alcohol consumption and mortality, given inherent biases in
observational data, competing risks, and measurement error (Rehm, 2019), though methods
and data quality are consistently improving, suggesting that continued focus on better uses
of observational data is worth pursuing.

The largest study in the United States to assess the relationship between alcohol
consumption and mortality has been the Health and Retirement Study (HRS), the data
source we use in the present investigation. Previous analyses of HRS do not have consistent
findings, with some analyses demonstrating no benefit to moderate drinking (Goulden,
2016) and others showing a protective effect (Nandi et al., 2014; Shaw and Agahi, 2012).
However, existing analyses of HRS have not included data past 2012 and have not
sufficiently included a broad range of time-varying alcohol exposures as well as time-
varying confounders; inclusion of recent waves is informative as they include more deaths,
and span the time period in which alcohol consumption has been increasing among older
adults (Grucza et al., 2018). Thus, the present study builds on an existing evidence using
HRS data to extend previous findings.

Alcohol consumption is increasing in the US, especially among adults over 60 (although it is
still lower than at earlier ages (Breslow et al., 2017). Clarifying the relationship between
alcohol consumption and health for older adults is thus increasingly important to achieve
public health goals. As the population is living longer lives, individuals, physicians, and
other stakeholders require rigorous science on the role of alcohol in promoting or
deteriorating health later in life. Assessment of these risks, and how they vary by subgroups,
can provide illumination on this controversial literature. The present study reports on
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longitudinal data from the Health and Retirement Study (HRS) from 1998 through 2014, a
longitudinal, nationally-representative cohort of men and women in the US, to assess the
relationship between alcohol consumption and mortality using time-varying indicators of
alcohol consumption, adjustment for multiple (time-varying and constant) confounders, and
assessment of heterogeneity of effects across covariates.

Materials and Methods

Sample.

Measures.

The HRS is a longitudinal study of Americans over the age of 50 and their spouses. The
present study draws on data from the HRS cohort interviewed biannually across the 9 waves
between 1998 and 2014. The HRS cohort was originally followed starting in 1992; however,
detailed alcohol consumption was consistently measured starting in 1998, thus, 1998 is the
year at which we begin our time-varying assessment. However, we consider information
prior to 1998 to separate current from life-time abstainers based on the questions in those
surveys. Our sample includes individuals born in 1931-1941 who were included in the
original HRS 1992 cohort, and responded to our baseline 1998 wave (baseline mean age=61,
SD=3.18). The final sample size was 7,904, and demographic as well as other characteristics
included as covariates in the present study, by gender, are described in Table 1.

Alcohol consumption.

Alcohol consumption was queried between 1992 and 1996, but were useful only to
distinguish life-time from current abstainers at subsequent waves due to wording changes.
Since 1998, respondents who reported consumption were queried about drinking frequency
(i.e., average number of days per week alcohol was consumed in the last three months) and
quantity (i.e., average number of drinks consumed on drinking days). Respondents were also
asked how many days they had four or more drinks on one occasion in the last three months
(binge drinking). Combining the HRS questions on binge drinking and quantity of drinks,
we calculated binge drinking based on standard definitions as drinking over five drinks in a
single day for men and over four drinks in a single day for women. We also calculated the
average number of drinks per day by multiplying frequency and quantity and dividing the
product by seven. Based on this information, respondents were classified into five groups at
1998 and following waves: lifetime abstainers, current abstainers, heavy drinkers, moderate
drinkers, and occasional drinkers. Lifetime abstainershad less than 12 drinks in their
lifetime. Current abstainers did not drink in the current wave, but drank in the past or we
cannot rule out that they drank in the past. The degree of drinking was classified using
conventional gender specific thresholds for drinks per day and binge drinking in a single day
in the past three months. Heavy drinkerswere defined for men as consuming more than
three drinks per day or binging more than five drinks in a single day, and for women as
consuming more than two drinks per day or binging more than four drinks in a single day.
Moderate drinkers were defined as drinking one to two (women) or one to three (men)
drinks one or more days per week, and not binging more than five drinks in a single day for
men or more than four drinks in a single day for women. Occasional drinkers were defined
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as drinking less than one day per week (e.g. once or twice per month), not binging more than
five drinks in a single day for men or more than four drinks in a single day for women, and
drinking a maximum of three drinks per day for men and a maximum of two drinks per day
for women. Using this categorical variable, we examined both baseline and time-varying
drinking status.

Online Tables 1 and 2 provide descriptive analysis of the proportion of respondents who
changed drinking status after baseline, stratified by baseline drinking status. For example,
among men who reported heavy drinking at baseline, 37.4% had at least one subsequent
time point in which they reported currently abstaining, 23.6% had at least one subsequent
time point in which they reported occasional drinking, and 66.7% had at least one
subsequent time point in which they reported moderate drinking. Among women who
reported heavy drinking at baseline, 31.3% had at least one subsequent time point in which
they reported currently abstaining, 21.9% had at least one subsequent time point in which
they reported occasional drinking, and 71.9% had at least one subsequent time point in
which they reported moderate drinking. In summary, there were substantial transitions over
time in drinking status, among both men and women.

Respondent deaths were ascertained via study tracking and by linkage with the National
Death Index (NDI). If both NDI and HRS interview reported death dates were present,
precedence was given to the NDI date (Weir, 2016). If no NDI record was present, HRS
interview death date was used. Among the 2,399 reported deaths in our sample, 78% had a
confirmed NDI record. HRS has not released NDI-matched records after 2011, thus only the
interview reported-death data were used. Death information is updated following each wave
of data collection.

Time-invariant covariates.

We included gender, baseline age, education (less than high school, GED, high school
graduate, some college, and college and above), and race/ethnicity (White non-Hispanic,
Black non-Hispanic, Other non-Hispanic, and Hispanic), as time-invariant covariates.

Time-varying covariates.

We included a wide range of time-varying self-reported covariates. We calculated total
respondent wealth dividing total value of all household assets by number of household
members and adjusting for Consumer Price Index inflation (Bureau of Labor Statistics,
2018). Smoking status was coded as current, former, and never smoker. Using body mass
index (BMI), we classified individuals as underweight (BMI<18.5), normal (18.5 to 24.9),
overweight (25.0 to 29.9), and obese (30.0 and above). We measured health and function,
including a count of difficulties with activities of daily living (walking across a room, getting
in and out of bed, dressing, bathing, and eating), an 8-item reduced version of the Center for
Epidemiologic Studies Depression (CES-D) scale (Andresen et al., 1994; Radloff, 1977),
and a set of nine dichotomies indicating doctor-diagnosed onset of chronic diseases since
previous wave (arthritis, cancer, diabetes, heart problems, stroke, high blood pressure, lung
disease, and psychiatric problems).
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Statistical analyses.

All analyses were stratified by gender. We began by examining survival curves for mortality
based on baseline alcohol consumption category, for the overall sample. For individuals lost
to follow-up, censoring time was estimated as the midpoint between the last observation
time and the first missed observation. We then proceeded to estimate Cox proportional
hazards models, both unadjusted and including all aforementioned time-invariant and time-
varying covariates, including alcohol consumption at each wave as time-variant.
Proportionality assumptions were tested; due to the complexity of the models,
proportionality was marginal for some models, which should be considered a limitation. We
sequentially included covariates in models, beginning with a model controlled for
demographics, and iteratively adding health behavior, as well as chronic conditions (which
could be both a cause of alcohol consumption, if individuals reduce drinking due to chronic
disease, and a consequence of alcohol consumption, given that heavy alcohol use causes
many chronic diseases). In these time varying cox proportional hazards models, respondents
were included if they had at least one wave of data for each time varying covariate. For the
unadjusted model this N was 7,902. For the combined models 1, 2, and 3, the respective N’s
were 7,902, 7,886, and 7,601. Finally, we tested the multiplicative interaction between each
covariate and baseline alcohol consumption categories in predicting mortality rates. We
report beta estimates and hazard ratios, standard errors, and 95% confidence intervals.
Follow-up analyses were conducted with gender and smoking interactions in the model
given the strength of the interaction association. Analyses were done using Stata v15 and R
software.

Additionally, we performed quantitative bias analysis (QBA) to assess how much
unmeasured confounding would need to be present in order to explain the observed results
(Greenland and Lash, 2008; Lash et al., 2014, 2009). At core, QBA approaches are built on
the notion that we cannot rely on the estimates from observational studies to be causal.
While modern statistics are well-adept at evaluating the extent to which random error and
chance explain patterns of observed data, these traditional statistics are not adept at
evaluating the extent to which systematic error and bias explain results. We assessed the
extent to which unmeasured confounding explained our findings by varying two parameters:
the strength of the association between the unknown and/or unmeasured confounders and
mortality, and the distribution of these confounders between moderate consumers and
abstainers. Because alcohol consumption was time-varying, we examined unequal
distributions of person-time between moderate consumers and abstainers. For each scenario
we conducted 1,000 simulations. We estimated two different scenarios. First, we assumed
that omitted confounders would be twice as prevalent among abstainers compared with
occasional drinkers (20% versus 10%); second, we assumed that omitted confounders would
be three times more prevalent among abstainers compared with occasional drinkers (30%
versus 10%). We report the median, the 2.51, and the 97.5!" percentile of the distribution, as
well as the percentage of simulations in which we would come to a different conclusion
about the relationship between alcohol consumption and mortality than is reported in our
results. All code for our QBA is provided in an online supplement.
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Figure 1 shows the Kaplan Meier curves for baseline alcohol consumption and subsequent
mortality, by sex. There were survival differences across consumption categories among
both men (Wald chi-square = 76.7, df = 4) and women (Wald chi-square = 71.1, df = 4).
Among men, heavy drinkers had the lowest survival until approximately 100 months (~8-9
years) after baseline, after which current abstainers had the lowest survival. Among women,
current abstainers had the lowest survival throughout the study period, although rates
between current, lifetime abstainers, and heavy drinkers converged at the end of the study
period.

We proceeded to model alcohol consumption as a time-varying exposure and tested the
association with mortality. Unadjusted results reported in Table 2 show that relative to
occasional drinking, lifetime abstaining for women (men: HR=1.19, 95% C.I. 0.99-1.44;
women: HR=1.71 95% C.I. 1.41-2.07), and current abstaining for men and women (men:
HR=1.73, 95% C.I. 1.46-2.05; women: HR=1.98 95% C.I. 1.63-2.41), were associated with
higher mortality, while moderate drinking was associated with lower mortality rates for men
and women (men: HR=0.65, 95% C.I. 0.54-0.78; women: HR=0.71, 95% C.I. 0.56-0.91).
Heavy drinkers on average did not have meaningfully different mortality rates than
occasional drinkers.

Table 3a and 3b report adjusted results on the association between time-varying alcohol
consumption and mortality, sequentially including both time-invariant and time-varying
covariates among men (Table 3a) and among women (Table 3b). We report results controlled
for demographics in model 1, adding health behaviors in model 2, adding chronic health
conditions in model 3. Separating models 2 and 3 is particularly important as chronic health
conditions may be mediating the association between alcohol consumption and mortality.

Our estimates were largely consistent across models. Among men (Table 3a), current
abstaining remained associated with higher mortality (model 3: HR=1.25, 95% C.I. 1.02—
1.53) and moderate drinking with lower mortality (model 3: HR=0.74, 95% C.I. 0.60-0.91)
compared with occasional drinking. Among women (Table 3b), both lifetime abstaining
(model 3: HR=1.35, 95% C.I. 1.08-1.68) and current abstaining (model 3: HR=1.34, 95%
C.1. 1.08-1.67) remained associated with higher mortality.

Finally, we tested interactions between time-varying alcohol consumption and each variable
in the model. For these models, sex was included as a covariate except in models where
interactions between drinking status and sex were tested. Tests of all interactions are
included in Online Table 3. Two interactions suggested substantial heterogeneity: smoking
(HR for moderate drinking/current smoker interaction: 1.69 [95% C.I. 1.04-2.75], HR for
heavy drinking/current smoker interaction: 0.33 [95% C.I. 0.13-0.86]), and gender (HR for
lifetime abstaining drinking/female gender interaction: 1.40 [95% C.I. 1.04-1.90]). Figures
2 and 3 plot the hazard differences for mortality from a model including the interaction term,
from a model adjusted for all covariates, for smoking (Figure 2) and gender (Figure 3).
Compared to occasional drinkers who reported never smoking, occasional drinkers who
currently smoke or smoked in the past have an increased risk of mortality, while moderate
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drinkers/never smokers have lower risk of mortality. All other groups have a higher mortality
rate than occasional drinkers who currently smoke, though some hazard differences were
imprecise. By gender, moderately drinking women had the lowest rate of mortality; in
comparison, men had increased mortality rates regardless of drinking status, although the
confidence interval for heavy drinking men was wide. Compared to occassionally drinking
women, lifetime and currently abstaining women had higher mortality rates.

Sensitivity Analysis: Quantitative Bias Analysis

We determined how strong residual, uncontrolled confounding would need to be in order to
explain the association between lifetime abstention and mortality, compared with occasional
drinking. We assessed the change in the hazard ratio for the association between alcohol
abstention and mortality, compared to occasional drinking, based on a range of associations
between unmeasured confounding and mortality, as well as differences in the prevalence of
unmeasured confounding between occasional consumers and abstainers. Results are shown
in Online Table 4. We first assumed that confounders would be twice as prevalent among
occasional drinkers compared with abstainers, with a prevalence of 20% among occasional
drinkers and 10% among long term abstainers. With this distribution, confounders would
need to increase the mortality rate by 4-fold for men and 9-fold for women before more than
half of the 1,000 simulations had a hazard ratio above 1.0. If we increase the difference
between occasional consumers and abstainers in the distribution of unmeasured
confounders, the magnitude of association between unmeasured confounders and mortality
needed to nullify observed associations decreases. With a prevalence of 30% among
abstainers and 10% among moderate consumers, unmeasured confounders need to increase
the mortality rate by 3-fold for men and 4-fold for women before more than half of the 1,000
simulations had hazard ratios above 1.0.

Discussion

The present study used national data from the US on adults >56 years for the first time
followed across an ~15 years to examine the association between alcohol consumption and
mortality, incorporating the time-varying nature of alcohol consumption and a wide range of
well-measured potential confounders. We found that individuals who reported consuming
alcohol moderately or occasionally had, on average, lower mortality rates than both recent
and lifetime abstainers. This association held while controlling for a wide range of both
time-varying and time-invariant confounders, including self-reported chronic health
problems and difficulties in daily living activities, mental health, and BMI, as well as
multiple indicators of socio-economic status. Further, we found there was variation in the
magnitude of these associations by smoking status and gender, with smokers and men
evidencing less of a mortality decrease than nonsmokers and women, respectively.

While numerous studies have examined the relationship between alcohol consumption and
mortality, methodological limitations have abounded. In a recent meta-analysis (Stockwell et
al., 2016), Stockwell and colleagues noted that of 87 studies, at least 65 used a reference
group of abstainers that included former drinkers, suggesting the potential for selection bias
(Licaj et al., 2016; Ortola et al., 2018). Similar biases were highlighted in an additional
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meta-analysis examining alcohol consumption and cardiovascular disease (Zhao et al.,
2017). Selection bias and residual confounding across studies of consumption and mortality
have routinely been identified (Naimi et al., 2017, 2005). Given that many individuals stop
drinking alcohol due to the onset of illness or other health concerns (Dawson et al., 2013;
Naimi et al., 2017; Rehm et al., 2016b), former drinkers are a group at much higher
mortality risk than lifetime abstainers (Fillmore et al., 2007; Rehm et al., 2008). Indeed, our
analyses showed that “current” abstainers, a group who reported drinking at one or more
previous waves of data collection but not the focal wave, had the highest mortality rates of
all groups (suggesting that this association may be indicative of reverse causation). Further,
the association between current abstention and mortality, compared with lifetime abstention,
substantially diminished when controlling for multiple morbidities, which would be
expected if health problems underlie the decision not to drink alcohol.

We found an inverse association for moderate and occasional drinkers compared with
lifetime abstention. The meta-analytic estimate produced by Stockwell et al., when no
abstainer biases were present in the analyzed studies, suggested that occasional and low-
volume drinkers had 0.94 and 0.90 times the mortality rate compared with lifetime
abstainers, whereas our estimates indicated that similar levels of drinking were associated
with 0.74 and 0.82 times the mortality rate, among men and women, respectively. Several
explanations may underlie these differences. First, as Stockwell et al. note, few studies in the
literature adequately addressed abstainer biases (only four studies out of 87, for example,
were included in the estimates of occasional drinking), thus additional data points are
necessary. Second, our analysis of the HRS has substantially longer follow-up than previous
studies from the literature. These results are in line with other reports from HRS showing a
protective effect of moderate drinking (Nandi et al., 2014; Shaw and Agahi, 2012), though
adding 8-10 years of follow-up data, as well as more comprehensive confounder
assessments. Existing literature is largely based on single time points of assessment of
alcohol use; in Online Table 5, we analyzed the HRS data with only the baseline assessment
of alcohol consumption as a predictor, rather than allowing alcohol use to time vary. Of
interest, the results are aligned with the Stockwell et al. meta-analysis, with the effect size
for moderate drinking at 0.81 (95% C.I. 0.68-0.96) among men and 0.93 (95% C.I. 0.76,
1.15) among women. Thus, including of time-varying alcohol use increased the effect size of
the association between alcohol consumption and mortality.

Yet, while the HRS provides potential improvements over some prior literature, residual
confounding and selection biases remain probable, suggesting again that observational data,
even high-quality longitudinal data such as HRS, should be interpreted with serious
cauation.. Results are inconsistent with larger data sources with single time-points of alcohol
consumption compared with later death; for example, a recent large pooled analysis of
599,912 current drinkers from more than 80 prospective studies documented no mortality
benefit even at low levels of consumption for all-cause mortality (Wood et al., 2018), though
the majority of the study participants were only assessed for alcohol consumption at one
time point. Further, Wood et al. 2018 documented a stronger moderate drinking association
when former and lifetime abstainers are included in comparisons. A recent meta-analysis of
prospective studies found no level of alcohol that was protective against major causes of
death (GBD 2016 Alcohol Collaborators, 2018), suggesting that in totality studies lean
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towards no benefit. And indeed, as demonstrated in Online Table 5, when only using one-
time assessments of the HRS data to analyze the association between alcohol consumption
and mortality, similar results emerge. Further, these results are not in line with Mendelian
randomization studies (Cho et al., 2016; Holmes et al., 2014; Millwood et al., 2019; Taylor
et al., 2015) which use instrumental variable approaches to overcome the often intractable
confounding in observational designs; however, these approaches have been criticized as
well for the stringentness of assumptions necessary for causal inference that are difficult to
meet for behaviorally- and socially-driven exposures such as alcohol consumption. As such,
continued research using more and better data sources are needed.

While the long timespan of the HRS is indeed a strength, heavy drinkers did not have a
higher risk of mortality compared to abstainers, as would be expected from previous
longitudinal studies (Rehm et al., 2009; Rehm and Sempos, 1995). Measurement error due
to self-report, or continued issues of reverse causation (e.g., binge drinking requires a
relatively high level of health at older age to engage in it) should be considered when
interpreting these results. Yet other risk factors in the data are associated with mortality in
ways that are consistent with previous research. We note that obesity was not associated with
mortality in these data; while obesity is associated with higher mortality in general
population adult samples (Flegal et al., 2005; Masters et al., 2013), it is widely
acknowledged that obesity is inconsistently and narrowly associated with mortality in older
age, due in part to selection and reverse causation (e.g., those who are older and with higher
levels of chronic disease may have less body mass) (reviewed in (Winter et al., 2014)). In
summary, data from HRS are of high quality for observational research in a national context,
and yet as any observational data, the potential for selection factors and measurement error
remain a concern for validity.

Additionally, we found evidence of effect measure modification by smoking status and
gender. Of course, cigarette smoking is a substantial risk factor for cardiovascular disease as
well as most other adverse health outcomes (Doll et al., 1994), thus the finding that smokers
do not evidence a mortality benefit from moderate drinking perhaps points to the robustness
of the present analyses. Results also indicate that men who heavily drink show higher
mortality than women. Given that within the heavy drinker category, men have a greater
number of total drinks as well as frequency (Keyes et al., 2011), it could be that the ‘dose’ of
alcohol is higher for men than women, even within group. Indeed, in the HRS data among
the heavy drinking group, men had an average of 7.3 drinks per drinking day and women
had 4.2 drinks per drinking day at baseline, and men had higher quantity than women at
each subsequent wave. No other covariates significantly modified the relationship between
consumption and mortality. This was surprising, especially for covariates such as race,
which has been demonstrated in previous studies to modify the relationship (Kerr et al.,
2011; Stockwell et al., 2016; Zhao et al., 2017), as well as other risk factors such as BMI
and chronic disease, which we would expect to mitigate any mortality benefit from alcohol
consumption similar to smoking. In summary, these data suggest that the inverse association
between moderate alcohol consumption and mortality is consistent across a number of
independent risk factors, but modified by competing risks for mortality such as smoking, as
well as alcohol dose.
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In addition to potential limitations of the HRS cohort described above, several other
limitations should be considered. Alcohol consumption data is self-reported and may have
measurement error, but it is the best available information from survey data as cumulative
alcohol consumption is difficult to biologically validate. Alcohol consumption was measured
every two years, on average; beverage patterns may change across a two-year window which
would not be captured by the HRS assessments. However, we note that few prior studies of
the relationship between consumption and mortality have included regular, systematic and
time-varying assessments of drinking, especially across 15 years of follow-up. Finally, the
relationships between alcohol consumption and mortality in older age may be clarified
further by not only characterizing alcohol consumption as a dynamic exposure, but explicitly
modeling trajectories of alcohol use over time (e.g. using sequence analysis), which is an
important future direction.

In summary, the associations indicating potential health benefits of moderate drinking are
increasingly viewed with skepticism. The role of moderate drinking in mortality continues to
be debated. There are many health conditions for which no safe dose of alcohol has been
found (George and Figueredo, 2011; Patra et al., 2010; Samokhvalov et al., 2010; Taylor et
al., 2009) and for which even low amounts of drinking appear to increase risk (Bagnardi et
al., 2013). Nevertheless, the HRS is among the largest and most well-designed cohorts of
older adults anywhere in the world, and within these data, we do find substantial
associations between occasional and moderate drinking and lower mortality rates, compared
to lifetime abstainers. Further analyses focused on the measurement and reduction of
abstainer biases are necessary to accumulate a well-understood body of work in this area.
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Figure 1.
Mortality by baseline alcohol consumption category in a longitudinal sample of adults over

56 in the United States (N men=3,601; N women=4,278).
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Predicted mortality hazard differences based on the interaction of average drinking status
across waves and average smoking status across waves in a longitudinal sample of adults
over 56 in the United States (N=7,904). Referent group for each hazard ratio is never
smoker/occasional drinkers. Hazard differences derived from a Cox proportional hazard
model with and interaction term between alcohol consumption and smoking (P<0.01 for the
interaction), an interaction term between alcohol consumption and gender, and the following
covariates: gender, age at baseline, race, wealth, smoking, BMI, difficulties in activities of
daily living, depressive symptoms based on Center for Epidemiologic Studies Depression
Scale (CES-D), arthritis since previous wave, cancer since previous wave, diabetes since
previous wave, heart disease since previous wave, stroke since previous wave, high blood
pressure since previous wave, lung disease since previous wave, and psychiatric problem
since previous wave.
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Figure 3.
Predicted mortality hazard differences based on the interaction of average drinking status

across waves and gender in a longitudinal sample of adults over 56 in the United States
(N=7,904). Referent group for each hazard ratio is moderate drinkers/women. Hazard
differences derived from a Cox proportional hazard model with and interaction term
between alcohol consumption and smoking, an interaction term between alcohol
consumption and gender (P<0.01 for the interaction), and the following covariates: gender,
age at baseline, race, wealth, smoking, BMI, difficulties in activities of daily living,
depressive symptoms based on Center for Epidemiologic Studies Depression Scale (CES-
D), arthritis since previous wave, cancer since previous wave, diabetes since previous wave,
heart disease since previous wave, stroke since previous wave, high blood pressure since
previous wave, lung disease since previous wave, and psychiatric problem since previous
wave.
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Table 1:

Baseline covariates in a nationally representative longitudinal sample of adults over age 56 in the United States
(N total=7,904; N men=3,619; N women=4,285) followed for an average of 15 years.
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Total sample

Men

Women

x2. p for differences
between men and
women

N (%); mean (SD)

N (%); mean (SD)

N (%); mean (SD)

Drinking Status Lifetime abstainer 2,487 (31.6) 846 (23.5) 1,641 (38.4) 385.02, <0.01
Current abstainer 1,513 (19.2) 660 (18.3) 853 (19.9)
Occasional drinker 1,384 (17.6) 584 (16.2) 800 (18.7)
Moderate drinker 2,257 (28.6) 1,337 (37.1) 920 (21.5)
Heavy drinker 238 (3.0) 174 (4.8) 64 (1.5)

Age Continuous 61.24 (3.18) 61.26 (3.17) 61.23 (3.19)

Education Lt high school 2,008 (25.4) 875 (24.2) 1,133 (26.4) 106.94, <0.01
GED 395 (5.0) 203 (5.6) 192 (4.5)
High-school graduate 2,593 (32.8) 1,055 (29.2) 1,538 (35.9)
Some college 1,535 (19.4) 702 (19.4) 833(19.4)
College and above 1,373 (17.4) 784 (21.7) 589 (13.7)

Race/Ethnicity White non-Hispanic 5,798 (73.4) 2,737 (75.6) 3,061 (71.4) 25.52, <0.01
Black non-Hispanic 1,266 (16) 499 (13.8) 767 (17.9)
Other non-Hispanic 148 (1.9) 69 (1.9) 79 (1.8)
Hispanic 691 (8.7) 313 (8.7) 378 (8.8)

Wealth Scaled 0(1) 0.02 (1.11) -0.02 (0.90)

Smoking Never smoked 2,940 (37.2) 954 (26.4) 1,986 (46.3) 358.93, <0.01
Former smoker 3,380 (42.8) 1,894 (52.3) 1,486 (34.7)
Current smoker 1,583 (20) 770 (21.3) 813 (19)

BMI Underweight 111 (1.4) 31(0.9) 80 (1.9) 149.5, <0.01
Normal 2,391 (30.6) 922 (25.5) 1,469 (34.9)
Overweight 3,185 (40.7) 1,715 (47.5) 1,470 (34.9)
Obese 2,137 (27.3) 944 (26.1) 1,193 (28.3)

ADL difficulties 0 6,889 (87.2) 3,220 (89) 3,669 (85.7) 21.44, <0.01
1 523 (6.6) 210 (5.8) 313 (7.3)
2 217 (2.7) 90 (2.5) 127 (3.0)
3 135 (1.7) 46 (1.3) 89 (2.1)
4 86 (1.1) 36 (1.0) 50 (1.2)
5 47 (0.6) 16 (0.4) 31(0.7)

Depressive symptoms ~ Continuous 1.58 (1.99) 1.33(1.78) 1.78 (2.11)

Arthritis No 7,513 (95.1) 3,416 (94.4) 4,097 (95.7) 5.95,0.01
Yes 387 (4.9) 201 (5.6) 186 (4.3)

Cancer No 7,736 (98.0) 3,516 (97.4) 4,220 (98.6) 15.39, <0.01
Yes 154 (2.0) 95 (2.6) 59 (1.4)

Diabetes No 7,740 (98.0) 3,531 (97.7) 4,209 (98.3) 3.54,0.06
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Total sample Men Women x2. p for differences
between men and
women

N (%); mean (SD) N (%); mean (SD) N (%); mean (SD)

Yes 155 (2.0) 83 (2.3) 72(L7)

Heart disease No 7702 (97.5) 3,501 (96.8) 4,201 (98.1) 11.89, <0.01
Yes 198 (2.5) 115 (3.2) 83 (1.9)

Stroke No 7,823 (99.0) 3,577 (98.9) 4,246 (99.1) 0.57,0.45
Yes 79 (1.0) 40 (1.1) 39 (0.9)

High blood pressure No 7,560 (95.7) 3,466 (95.9) 4,094 (95.6) 0.18, 0.67
Yes 337 (4.3) 150 (4.1) 187 (4.4)

Lung disease No 7,803 (98.8) 3,577 (98.9) 4,226 (98.6) 1.01,0.32
Yes 97 (1.2) 39 (1.1) 58 (1.4)

Psychiatric problems ~ No 7,782 (98.5) 3,566 (98.7) 4,216 (98.4) 0.74,0.39
Yes 116 (1.5) 48 (1.3) 68 (1.6)
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Unadjusted mortality hazard ratios in a nationally representative longitudinal sample of adults over age 56 in

the United States (N total=7,902; N men=3,617; N women=4,285) followed for an average of 15 years.

Men

Women

HR (95% CI)

HR (95% CI)

Drinking Status
Lifetime abstainer ~ 1.19 (0.99, 1.44)
Current abstainer 1.73 (1.46, 2.05)
Occasional drinker ~ REF
Moderate drinker 0.65 (0.54, 0.78)
Heavy drinker 1.20(0.88, 1.64)

1.71 (1.41, 2.07)
1.98 (1.63, 2.41)
REF

0.71 (0.56, 0.91)
1.11 (0.59, 2.11)

Drinking status based on time-varying variable for each participant at each wave.
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Adjusted mortality hazard ratios in a nationally representative longitudinal sample of adults over 56 in the
United States followed for an average of 15 years (men only).

Model 1 (Demogr aphics)

Model 2 (Demographics

+ health behaviors)

Model 3 (Demographics + health

behaviors + chronic health

conditions)

HR (95% CI)

HR (95% CI)

HR (95% CI)

Drinking Status

Age

Education

Race/Ethnicity

Wealth
Smoking

BMI

ADL difficulties

Depressive symptoms

Arthritis

Cancer

Diabetes

Lifetime abstainer
Current abstainer
Occasional drinker
Moderate drinker
Heavy drinker
Continuous

Lt high school

GED

High-school graduate
Some college
College and above
White non-Hispanic
Black non-Hispanic
Other non-Hispanic
Hispanic

Scaled

Never smoked
Former smoker
Current smoker
Underweight
Normal

Overweight

Obese
0
1
2
3
4
5

Continuous
No

Yes

No

Yes

No

Yes
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1.13 (0.93, 1.36)
1.60 (1.34, 1.89)
REF

0.69 (0.57, 0.83)
1.23 (0.90, 1.68)
1.08 (1.06, 1.10)
REF

0.79 (0.62, 1.01)
0.71(0.62, 0.83)
0.91 (0.77, 1.07)
0.60 (0.49, 0.72)
REF

1.23 (1.06, 1.43)
0.98 (0.65, 1.47)
0.82 (0.67, 1.01)
0.79 (0.69, 0.92)

1.14 (0.94, 1.39)
1.50 (1.26, 1.80)
REF

0.67 (0.55, 0.81)
1.04 (0.76, 1.44)
1.08 (1.06, 1.10)
REF

0.79 (0.61, 1.01)
0.77 (0.66, 0.90)
0.96 (0.81, 1.14)
0.63 (0.51, 0.77)
REF

1.11 (0.95, 1.30)
0.89 (0.58, 1.37)
0.86 (0.69, 1.07)
0.85 (0.74, 0.98)
REF

1.57 (1.34, 1.84)
2.10 (1.74, 2.55)
3.63 (2.72, 4.84)
REF

0.63 (0.55, 0.72)
0.66 (0.56, 0.77)

1.08 (0.87, 1.34)
1.25 (1.02, 1.53)
REF

0.74 (0.60, 0.91)
0.97 (0.68, 1.40)
1.07 (1.05, 1.09)
REF

0.79 (0.59, 1.05)
0.89 (0.74, 1.07)
1.08 (0.89, 1.31)
0.75 (0.60, 0.94)
REF

1.02 (0.84, 1.23)
0.84 (0.51, 1.38)
0.74 (0.57, 0.96)
0.86 (0.74, 1.00)
REF

1.51 (1.26, 1.80)
212 (1.71, 2.63)
2.43 (1.61, 3.67)
REF

0.72 (0.62, 0.84)
0.71 (0.59, 0.84)
REF

1.79 (1.47, 2.19)
2.83 (2.20, 3.63)
2.08 (1.41, 3.06)
3.31(2.25, 4.86)
2.68 (1.47, 4.90)
1.10 (1.06, 1.13)
REF

1.42 (1.06, 1.89)
REF

3.31 (2,67, 4.09)
REF

1.35 (0.97, 1.88)
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Model 1 (Demographics) Model 2 (Demographics  Model 3 (Demographics + health

+ health behaviors) behaviors + chronic health
conditions)
HR (95% CI) HR (95% CI) HR (95% CI)

Heart disease No REF

Yes 1.34(1.01, 1.78)
Stroke No REF

Yes 1.40 (0.98, 1.98)
High blood pressure No REF

Yes 0.91 (0.67, 1.25)
Lung disease No REF

Yes 1.83 (1.34, 2.50)
Psychiatric problems ~ No REF

Yes 1.65 (1.12, 2.42)

Hazard ratios derived from a Cox proportional hazard model with the following covariates: time-varying covariates of alcohol consumption
category, gender, age at baseline, race, wealth, smoking, BMI, difficulties in activities of daily living, depressive symptoms based on Center for
Epidemiologic Studies Depression Scale (CES-D), arthritis since previous wave, cancer since previous wave, diabetes since previous wave, heart
disease since previous wave, stroke since previous wave, high blood pressure since previous wave, lung disease since previous wave, and
psychiatric problem since previous wave. (Model 1 N=3,617; Model 2 N=3,615; Model 3 N=3,401).
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Table 3b:

Adjusted mortality hazard ratios in a nationally representative longitudinal sample of adults over 56 in the
United States followed for an average of 15 years (women only).

Model 1 (Demographics) Model 2 (Demographics  Model 3 (Demographics + health
+ health behaviors) behaviors + chronic health

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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conditions)

HR (95% CI)

HR (95% CI)

HR (95% CI)

Drinking Status

Age

Education

Race/Ethnicity

Wealth
Smoking

BMI

ADL difficulties

Depressive symptoms

Arthritis

Cancer

Diabetes

Lifetime abstainer
Current abstainer
Occasional drinker
Moderate drinker
Heavy drinker
Continuous

Lt high school

GED

High-school graduate
Some college
College and above
White non-Hispanic
Black non-Hispanic
Other non-Hispanic
Hispanic

Scaled

Never smoked
Former smoker
Current smoker
Underweight
Normal

Overweight

Obese
0
1
2
3
4
5

Continuous
No

Yes

No

Yes

No

Yes

1.44 (1.19, 1.76)
1.74 (1.43,2.12)
REF

0.79 (0.62, 1.01)
1.25 (0.66, 2.38)
1.08 (1.06, 1.10)
REF

0.62 (0.46, 0.83)
0.65 (0.56, 0.75)
0.62 (0.51, 0.74)
0.46 (0.36, 0.59)
REF

1.04 (0.90, 1.21)
0.71 (0.43, 1.16)
0.59 (0.47, 0.75)
0.57 (0.45, 0.73)

1.60 (1.31, 1.97)
1.71 (1.39, 2.10)
REF

0.77 (0.60, 0.99)
1.11 (0.58, 2.13)
1.08 (1.06, 1.10)
REF

0.72 (0.53, 0.97)
0.70 (0.60, 0.82)
0.68 (0.57, 0.83)
0.50 (0.39, 0.65)
REF

1.10 (0.94, 1.28)
0.76 (0.46, 1.25)
0.67 (0.52, 0.86)
0.61(0.48, 0.78)
REF

1.93 (1.67,2.23)
2.35 (1.96, 2.82)
2.93 (2.29, 3.76)
REF

0.69 (0.59, 0.81)
0.84 (0.72, 0.99)
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1.35 (1.08, 1.68)
1.34 (1.08, 1.67)
REF

0.82 (0.63, 1.07)
1.07 (0.54, 2.11)
1.06 (1.04, 1.08)
REF

0.78 (0.56, 1.08)
0.88 (0.74, 1.04)
0.85 (0.69, 1.05)
0.60 (0.45, 0.80)
REF

1.08 (0.91, 1.28)
0.86 (0.52, 1.45)
0.62 (0.47, 0.82)
0.79 (0.64, 0.97)
REF

1.71 (1.46, 2.00)
2.45 (2.01, 2.98)
2.66 (2.00, 3.54)
REF

0.75 (0.63, 0.89)
0.74 (0.62, 0.88)
REF

2.49 (2.05, 3.01)
2.65 (2.06, 3.41)
3.12(2.29, 4.25)
3.98 (2.90, 5.48)
6.17 (4.29, 8.89)
1.08 (1.05, 1.12)
REF

0.83 (0.55, 1.26)
REF

4.20 (3.26, 5.43)
REF

1.06 (0.72, 1.56)
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Model 1 (Demographics) Model 2 (Demographics  Model 3 (Demographics + health

+ health behaviors) behaviors + chronic health
conditions)
HR (95% CI) HR (95% CI) HR (95% CI)

Heart disease No REF

Yes 1.58 (1.19, 2.10)
Stroke No REF

Yes 1.36 (0.93, 1.99)
High blood pressure No REF

Yes 1.20 (0.89, 1.61)
Lung disease No REF

Yes 1.21(0.83, 1.77)
Psychiatric problems ~ No REF

Yes 0.94 (0.61, 1.44)

Hazard ratios derived from a Cox proportional hazard model with the following covariates: time-varying covariates of alcohol consumption
category, gender, age at baseline, race, wealth, smoking, BMI, difficulties in activities of daily living, depressive symptoms based on Center for
Epidemiologic Studies Depression Scale (CES-D), arthritis since previous wave, cancer since previous wave, diabetes since previous wave, heart
disease since previous wave, stroke since previous wave, high blood pressure since previous wave, lung disease since previous wave, and
psychiatric problem since previous wave. (Model 1 N=4,285; Model 2 N=4,271; Model 3 N=4,200).
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