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Abstract

Drinking within recommended limits is highly prevalent in much of the world, and strong
epidemiological associations exist between moderate alcohol consumption and risk of several
major chronic diseases, including coronary heart disease, diabetes, and breast cancer. In many
cases, plausible biological mediators for these associations have been identified in randomized
trials, but gold-standard evidence that moderate drinking causes or prevents any chronic disease
remains elusive and important concerns about available evidence have been raised. Although long-
term randomized trials to test the observed associations have been termed impossible, clinical
investigators have now successfully completed randomized trials of complex nutritional
interventions in a variety of settings, along with trials of alcohol consumption itself of up to two
years duration. The successful completion of these trials suggests that objections to the execution
of a full-scale long-term clinical trial of moderate drinking on chronic disease are increasingly
untenable. We present potential lessons learned for such a trial and discuss key features to
maximize its feasibility and value.

Ethanol is among the psychoactive substances most widely used by humans worldwide, and
has perhaps a longer history of discretionary human use than any equivalent molecule.
Indeed, over half of Americans report alcohol use within the last month, a proportion that
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has remained largely stable over decades.(Substance Abuse and Mental Health Services
Administration, 2014) The World Health Organization estimates that 38% of all individuals
aged 15 and older worldwide consumed alcohol in the past 12 months.(Global Status Report
on Alcohol and Health,(2014) Further, although alcohol abuse remains a global scourge,
most drinkers appear to consume alcohol largely within recommended limits (i.e., <2 drinks
per day for men and <1 for women).

Given the widespread use of alcohol within recommended limits, or moderate drinking, it
might be assumed that the health effects of this use would be clearly and firmly established.
Unfortunately, this assumption is mistaken. Although literally hundreds of studies on
moderate drinking in humans have been published, these essentially all are either
observational (i.e., descriptive studies or analytic designs) or small trials that are limited in
time and scope. Truly experimental studies that would shed light on the health consequences
of alcohol consumption within recommended limits have, to date, simply not been
attempted. This deficit has spawned impressive controversy about the true health
consequences of moderating drinking that has reached the highest levels of the U.S. and
international biomedical infrastructure.(Lauer and Sorlie, 2009, Moller, 2016)

Here, we address this issue in several steps. First, we briefly review the existing data on
alcohol use and chronic disease to summarize its posited effects, both negative and positive.
Second, we review existing intermediate-term trials of alcohol consumption that bear on the
feasibility of longer-term experimental studies, including an updated systematic review of all
alcohol trials. Third, we examine selected recent successful trials of other complex
behavioral factors, particularly related to diet, that also speak to the feasibility of a long-term
alcohol trial. Finally, we review general principles that can be drawn from these experiences
that should inform future efforts to provide definitive evidence about the chronic health
consequences of regular alcohol consumption.

Existing Studies

Our knowledge regarding the health effects of alcohol consumption within recommended
limits might best be grouped into two complementary approaches — observational studies
that have now reached epic proportions in sample size and duration, and feeding studies that
have assessed the immediate and short-term effects of alcohol on behavior, biochemical
pathways, and similar social or physiological endpoints. Clearly, neither of these approaches
represents gold-standard evidence in biomedical research — only a long-term randomized
trial of clinical endpoints would meet that standard — but they have particular limitations that
necessitate caution in their interpretation.

Observational studies of the effects of alcohol consumption on chronic disease have
identified a number of consistent associations (Figure).(Gunzerath et al., 2004) Perhaps the
most consistent adverse effect of moderate drinking identified in these studies is a dose-
dependent higher risk of breast cancer that appears to rise throughout the usual range of
consumption. Pooled analyses from large cohort studies suggest a 5-10% relative increment
in risk for each 10 gram/day increment in intake.(Romieu et al., 2015, Smith-Warner et al.,
1998) Although studies differ, many suggest the largest increase in risk for hormone-
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sensitive tumors, an important link to the effect of alcohol in feeding studies noted below.
(Lew et al., 2009, Li et al., 2010) Although other cancers have also been associated with
alcohol consumption, higher risk associated with intake within recommended limits has
most strongly been linked to upper digestive (i.e., oral, esophageal) malignancies, with
impressive synergy noted between drinking and smoking.(Ansary-Moghaddam et al., 2009)
The International Agency for Research on Cancer has also implicated alcohol use in
colorectal cancer, although cohort studies do not consistently find higher risk within
recommended limits of consumption.(International Agency for Research on Cancer, 2010,
Cho et al., 2004)

Other adverse health consequences of alcohol intake within recommended limits are less
well-documented. Hepatotoxicity and cirrhosis are not confirmed consequences of this level
of alcohol exposure,(Corrao et al., 1991) although they may be among individuals with risk
factors like hepatitis virus B or C infection.(Poynard et al., 1997) In some studies, injuries
requiring hospital attention also increase with alcohol use within recommended limits,
(Cherpitel et al., 1995) although it is unclear if this may reflect episodic binges among
otherwise moderate drinkers. Hypertension is clearly a consequence of heavy drinking,
(Klatsky, 1996) but has also been variably associated with more moderate intake particularly
among men;(Briasoulis et al., 2012) underreporting has been cited to explain this
inconsistency.(Klatsky et al., 2006) Similarly, heavy drinking is a risk factor for atrial
fibrillation, but consumption within recommended limits has only variably been associated
with higher risk. (Conen et al., 2008, Tolstrup et al., 2016)

Possible benefit related to moderate alcohol intake has been subjected to rigorous
observational study since the early 1970’s,(Klatsky et al., 1974) with isolated anecdotal
reports dating back considerably longer.(Leary, 1931) The best documented of the diseases
found to be lower among moderate drinkers is myocardial infarction, which has been
examined in dozens of large-scale prospective studies. Cumulative meta-analysis suggests
that a risk reduction of approximately 29% has been largely unchanged by new studies since
~1990, highlighting the stability of this estimate.(Ronksley et al., 2011) Lower risk appears
to plateau at approximately 1-2 drinks daily (i.e., at the upper limits of recommended
intake). Alcohol consumption has also been associated with lower incidence of myocardial
infarction among high-risk subjects, such as diabetic individuals, whose higher baseline risk
could provide for greater power in a clinical trial,(Koppes et al., 2006) and with lower risk of
other forms of coronary heart disease that might comprise a composite endpoint, such as
revascularization and unstable angina.(Mukamal et al., 2006, Britton et al., 2009)

Congestive heart failure, the most common cause of hospitalization among elders in the
U.S., also appears to be lower among drinkers within recommended limits; the degree to
which this reflects direct effects on the heart and vasculature versus indirect effects via lower
risk of myocardial infarction is not yet settled.(Padilla et al., 2010)

Despite the strong similarities between myocardial infarction and stroke, their relationships
with alcohol consumption in observational studies differ meaningfully. One of the two major
stroke types, hemorrhagic stroke, is associated in a direct, positive manner with alcohol
intake.(Reynolds et al., 2003) Ischemic stroke, the much more common form in Western
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nations, is associated with alcohol intake in a J-shaped manner, with lower risk that nadirs at
less-than-daily drinking and with apparent risk reduction closer to 20%.

A third major chronic disease inversely associated with alcohol intake within recommended
limits is diabetes, with a dose-response relationship largely similar to that for coronary heart
disease.(Koppes et al., 2005) Finally, several other conditions have been inversely related to
moderate drinking in at least several observational studies, including osteoporosis, hip
fracture, cholelithiasis, and dementia.(Leitzmann et al., 1999, Berg et al., 2008, Letenneur,
2007)

Effects of Alcohol in Interventional Studies

Despite the lack of large, long-term trials of alcohol consumption, it has been subjected to
dozens of smaller studies, mainly in crossover designs, that aim to test its effects on
established biochemical pathways leading to major chronic diseases. While these feeding
studies clearly cannot replace a formal randomized trial on hard endpoints, they provide
unconfounded estimates of physiological effects of alcohol that, in combination with
epidemiology, provide useful insight into the probable long-term effects of moderate
drinking (Figure).(Rimm et al., 1999)

Feeding studies have predominantly examined the effects of alcohol on lipids, glycemia, and
inflammation.(Brien et al., 2011) First, alcohol consumption raises levels of high-density
lipoprotein cholesterol (HDL-C) and its major protein cargo, apolipoprotein-Al. All types of
alcoholic beverage have this effect.(van der Gaag et al., 1999) Although this increase might
be expected to lower risk of CHD, debate about the causal effect of HDL-C continues;
nonetheless, alcohol also increases the capacity of plasma to efflux cholesterol from
macrophages,(Beulens et al., 2004) which has been associated with lower CHD risk
independent of HDL-C.(Rohatgi et al., 2014) In tandem, alcohol consumption increases
circulating triglycerides, but only at above-recommended doses.(Brien et al., 2011) Second,
alcohol intake increases levels of adiponectin, an adipokine that increases insulin sensitivity
in animal models and is inversely associated with risk of diabetes.(Brien et al., 2011)
Concordant with this, alcohol consumption reduces levels of fasting insulin and hemoglobin
Aqc.(Schrieks et al., 2015) Third, alcohol intake reduces circulating levels of fibrinogen, an
acute phase reactant produced by the liver, much like C-reactive protein. Although some
studies have also found that alcohol intake reduces other markers of inflammation,(Sierksma
et al., 2002, Marfella et al., 2006) these effects have not been demonstrated with sufficient
consistency to be firmly established.

Intervention studies also suggest effects of alcohol on at least two important pathways. The
first of these are measures of platelet function, although platelet assays tend to be
insufficiently well-standardized to enable ready pooling. Nonetheless, acute measurements
following ethanol ingestion suggest that alcohol can prolong bleeding time and Jin vitro
estimates of platelet coagulability; limited feeding studies over several days also support this
finding.(Deykin et al., 1982, Elmer et al., 1984, Pikaar et al., 1987) These effects might be
expected to reduce ischemic events at the cost of increased hemorrhagic events, roughly
consistent with the epidemiological evidence noted above. The second suggestive pathway is
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an increase in sex steroid hormones, particularly estrone and dehydroepiandrosterone
sulfate. The latter has been observed among both sexes,(Sierksma et al., 2004, Reichman et
al., 1993) while the former has been observed among both pre- and postmenopausal women.
(Mahabir et al., 2004) As with platelet function, these effects correspond surprisingly
concordantly with epidemiological observations, as they would generally be expected to
increase breast cancer risk but increase bone density.

Intermediate-Term Interventional Studies

Feeding studies have provided alcohol for widely disparate durations of time (and doses),
ranging from single-dose experiments to trials over several weeks. However, two studies of
twelve months duration or longer now exist, and these provide useful evidence both of
plausibility for a long-term trial and of the generalizability of short-term trials to longer-term
outcomes.

From an historical standpoint, investigators from the US Department of Agriculture
conducted two seminal crossover studies, testing three months of alcohol exposure among
premenopausal women and four months among postmenopausal women.(Reichman et al.,
1993, Hartman et al., 2005) The earlier trial was the first ever to administer alcohol to an
ambulatory population over several months and provided important evidence of the
hormonal effects of alcohol, with a highly rigorous study design, large sample size for an
intensive feeding study, and careful menstrual and dietary controls. As expected, levels of
HDL-C rose, further supporting adherence of the subjects to their assigned arms. However, a
few features limit the degree to which these trials inform a possible long-term trial,
particularly in their intensive nature and stringent degree of control. All food and drink were
provided to participants, clearly not a possibility for a long-term trial, and subjects presented
repeatedly for phlebotomy and biochemical measurements. Alcohol was provided in the
form of grain alcohol mixed with fruit juice.

Israeli investigators have performed two similar parallel-design trials among diabetic adults
that comprised three months of intervention for the first trial and a full two years for the
second.(Shai et al., 2007, Gepner et al., 2015) In both trials, the beverages used were
commercially available — Israeli red or white wines (13-17 grams of ethanol daily) versus an
Israeli non-alcoholic malt beverage (for the first trial) or mineral water (for the second).

The primary focus of the initial three-month trial was improvement in glycemic parameters
and confirmed a benefit on fasting but not post-load glucose. Another focus of the trial was
potential side effects of alcohol consumption, which directly inform the feasibility of longer-
term trials. Although several modest differences were noted, the only symptom that differed
significantly was improved ability to fall asleep in the alcohol group compared with control.
Of equal note, from 109 enrolled subjects, 12 withdrew prior to study onset (most from the
control group), which suggests that many participants will have unstated or even
subconscious preferences that need to be aggressively solicited prior to enroliment and
randomization. Put differently, the dropout suggests that perceived ‘value’ to participants
needs to be as similar as possible in both arms.
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This shorter trial provided the basis for a second, larger effort that is the longest randomized
study of alcohol consumption yet performed. Shai and colleagues randomized 224 diabetic
subjects in a 1:1:3 ratio to consume mineral water, white wine, or red wine, which was
provided free of charge for two years. The trial focused on alcohol abstainers and excluded
individuals who consumed more than 1 drink per week, a restriction that provides important
context to the results. Subjects randomized to white wine demonstrated significant
improvement in their fasting glucose compared to those assigned to water, while those in the
red wine arm had a significant increase in their HDL-C, changes largely consistent with
previous trials. Self-reported adherence to daily beverage intake approximated 80% in all
three arms. Once again, the only symptomatic difference was an improvement in sleep
among those in the wine groups. However, attrition differed significantly across arms, with
two-year rates of retention of 94%, 88%, and 77% in the water, red wine, and white wine
arms, respectively. While all three figures are promising, the difference among them may be
explained by recruitment specifically of alcohol abstainers who found daily drinking
difficult.

A particularly intriguing trial of alcohol consumption was conducted in Italy, where insulin-
treated diabetic patients admitted with myocardial infarction were randomized to receive
advice regarding a Mediterranean-type diet with or without the addition of 4 ounces daily of
an Italian red wine for one year.(Marfella et al., 2006) The control group was asked to
consume no alcohol, and thus this trial did not attempt to separate the effects of alcohol from
those related to the non-alcoholic constituents of wine. The protocol included multiple visits
over one year, including repeated echocardiography. A total of 131 patients enrolled in the
study, of whom three withdrew consent and two were removed due to noncompliance
(although reasons were not specified). Another eight patients died during the study period,
presumably reflecting the entry criteria that required concomitant insulin-requiring diabetes
and acute coronary heart disease. HDL-C rose significantly in both alcohol and abstention
arms, but twice as much in the alcohol arm, confirming that compliance was good; repeated
food diaries also confirmed adherence to abstention in the appropriate subjects.

Results of the trial were provocative. The alcohol arm had lower measures of several
inflammatory factors, including C-reactive protein, 1L-18, TNF-a, and IL-6, and lower
levels of nitrotyrosine, a marker of oxidation. Fasting insulin levels and HOMA-IR also
dropped significantly more in the alcohol arm than among controls. Perhaps most
importantly, echocardiographic measures of left ventricular function improved more in the
alcohol-treated subjects than controls, including left ventricular ejection fraction and
myocardial performance index. These differences have potential prognostic implications for
patients with coronary heart disease, even if it remains impossible to determine if they relate
to a benefit of red wine or alcohol more generally.

To ensure that we identified all feeding studies of one year or longer that might inform a
truly long-term trial, we performed an updated systematic review using our previously
published search strategy.(Brien et al., 2011) As in our previous review, which concluded in
2009, we searched for alcohol intervention studies in adults from 2010 through June 2016
using Medline, without language restrictions for potentially relevant articles. The search
strategy is included in Supplemental Table 1. Although the focus of the original review was
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on randomized controlled trials, whether crossover or parallel design, we present all studies
which experimentally manipulated oral alcohol consumption here. Because we previously
confirmed high inter-rater reliability for abstract review for this search, we used one
investigator (KJM) to review abstracts for eligibility, and any that appeared to include
experimental alcohol administration was selected for full text review for confirmation. From
relevant studies, we extracted information on sample size, the duration of alcohol
administration, the duration of additional follow-up (e.g., in a crossover), and the specific
alcohol type (beer, wine, spirits, or ethanol).

The literature search identified 1,983 potentially eligible abstracts, from which 71 were
selected for full-text review (Supplemental Figure 1; Supplemental Table 3). From these, we
identified 60 studies that experimentally administered alcohol (Supplemental Table 2), of
which one reported two different trials. Although a wide range of exposures and durations
have been described, only the aforementioned Israeli trial of 2015 administered alcohol for
as long as one year.

Trials of Other Complex Dietary Interventions

Although alcohol trials beyond two years have yet to be completed, the same cannot be said
for other dietary interventions of equal or even greater complexity, where large trials with
hard endpoints have now shown clear benefits of specific dietary patterns.

In the Lyon Diet Heart Study,(de Lorgeril et al., 1999) participants in the experimental group
received formal advice to increase their intake of bread, green and root vegetables, fish, and
fruit and replace red meat with poultry, beginning shortly after their index hospitalization
and repeated at annual study visits. That group also received a supply of modified margarine
enriched in a-linolenic acid, while participants in the control arm received no specific
dietary advice.

Adherence to these dietary recommendations was ultimately confirmed by plasma fatty acid
analysis, which demonstrated higher plasma levels of linolenic acid and eicosapentaenoic
acid (a long-chain marine n-3 fatty acid) and lower levels of stearic acid (a saturated fatty
acid) among intervention compared with control subjects.(de Lorgeril et al., 1994) Thus,
despite a relatively modest intensity of intervention, participants differed significantly in key
measures that differentiated their diets.

Although the sample size was increased (due to low event rates), the trial was stopped early
because of a statistical benefit to treatment. When follow-up was completed after an average
of four years of follow-up, assignment to the Mediterranean diet resulted in a 50-70% lower
risk of recurrent cardiovascular events than did assignment to control.

The PREDIMED trial followed a somewhat similar model, enrolling high-risk adults albeit
in primary prevention and randomizing them to a control low-fat diet or a Mediterranean diet
supplemented with a discrete fat source (in this case, either olive oil or tree nuts).(Estruch et
al., 2013) Testing of biomarkers related to olive oil or nut intake confirmed adherence over
time, as did a number of formal questionnaires. Drop-out, while modest at 7%, was
approximately twice as high in the low-fat diet arm as in the combined Mediterranean diet
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arm. Participants met twice with dieticians on a personal basis, followed by quarterly
individual and group meetings led by dieticians. Of note, the advice received by usual
drinkers in the Mediterranean diet arm included a recommendation to consume a glass of
wine daily with meals, and daily wine intake (but not overall alcohol intake) was greater
among those in the Mediterranean diet arms than among those randomized to a low-fat diet.

The PREDIMED investigators also increased the duration of their study due to lower-than-
expected event rates, yet the trial was closed early due to a clear benefit in favor of the
Mediterranean diet. Ultimately, a total of 7,447 participants enrolled and were followed for a
median of 4.8 years. Relative to the low-fat arm, assignment to either Mediterranean diet
arm led to a 30% decrease in the risk of cardiovascular disease

A few other long-term trials of diet exist, although none have dramatically changed clinical
practice. University of Copenhagen investigators conducted a six-month trial of a Nordic
diet compared with a standard Danish diet among 181 adults, using an innovative but
expensive model in which all foods were provided in a research ‘supermarket.’(Poulsen et
al., 2014) To improve adherence, participants underwent formal cooking instruction and
received tailored cookbooks. The trial showed benefits on both weight and blood pressure
among those randomized to the Nordic diet, with continued benefit amongst those who
remained adherent six months later.(Poulsen et al., 2015) In the POUNDS LOST Trial,
(Sacks et al., 2009) a comparison of weight-loss diets over two years, participants were
assigned one of four diets based upon macronutrient content, although participants bought
and prepared their own foods. Participants attended individual counseling sessions every
eight weeks and group sessions at least two of every four weeks for the entire study period.
All four diets resulted in weight loss, although weight loss primarily occurred in the first six
months with weight gain thereafter. Across three biomarkers — HDL-cholesterol, respiratory
quotient, and urinary nitrogen excretion — changes in biomarkers confirmed the expected
directions of effect for each of the diets, although the target goals for macronutrient content
were generally not reached.

An important controversy surrounds the largest diet trial to date, the Women’s Health
Initiative (WHI), a complex factorial RCT that tested postmenopausal estrogens, calcium
with vitamin D, and a low-fat diet. The dietary arm asked participants to reduce total fat to
20% of caloric intake, increase fruit and vegetable consumption to 5 or more servings per
day, and increase grains to 6 or more servings daily. An intensive behavioral modification
program required 18 group sessions with trained nutritionists in the first year and 4 sessions
per year in subsequent years. No specific advice regarding other micro- or macronutrients
was included.

Based upon dietary questionnaires, the WHI dietary strategy was moderately but imperfectly
successful.(Howard et al., 2006) From a baseline of 38% of energy intake from fat in both
arms, participants in the low-fat diet arm reported a mean intake of 29% of calories from fat
at year 6, compared with 37% among control subjects. Although this result suggests a clear
difference between the groups, it was approximately half as large as originally targeted.
Moreover, the two groups did not differ in follow-up triglyceride levels despite sizable
differences in reported carbohydrate intake, raising questions about overestimation of
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adherence.(Michels and Willett, 2009) Despite the moderate differences observed between
the two groups, they did not differ in the incidence of cardiovascular disease, diabetes, or
cancer.(Howard et al., 2006, Beresford et al., 2006, Tinker et al., 2008)

Lessons for a Randomized Trial of Moderate Drinking

In our opinion, previous trials of both alcohol consumption and other nutritional
interventions offer specific, practical lessons for the design and conduct of a trial of
moderate drinking (Table). First and foremost, they highlight that complex trials over many
years can and should be done. When contrasted with the change in behavior required for a
moderate drinking trial, the full-scale interventions implemented in the Lyon Diet Heart
Study and PREDIMED, as but two examples, were substantially more challenging,
comprehensive, and diverse, requiring modifications in virtually every aspect of participants’
diet. While the difficulty of altering alcohol consumption should not be underestimated, we
would argue that it is certainly no more difficult than modifying a complete diet. Indeed, the
PREDIMED diet, while not a trial of alcohol intake per se, addressed wine as but one of
many components of the Mediterranean diet. If full diets (including wine) can be
successfully modified to demonstrate cardiovascular benefit, then it would seem feasible to
address alcohol in a similar manner.

Second, previous trials of alcohol strongly suggest that a long-term trial of alcohol
consumption is feasible when beverages most culturally acceptable to the population in
question are used. At the same time, the WHI experience suggests that dietary changes that
are too extreme will be difficult to implement effectively. Put differently, asking participants
to change both their alcohol intake and their alcoholic beverage preference at the same time
risks substantial loss of adherence, and hence natural beverage preferences should be
preserved where possible. Insofar as the epidemiological evidence generally suggests similar
effects of all alcoholic beverages for coronary heart disease,(Rimm et al., 1996) if not
necessarily for all biochemical measures,(Chiva-Blanch et al., 2013) use of diverse
commercially-available beverages likely to be consumed regularly in any long-term trial
seems advisable. In practice, such a design could be implemented in several ways. These
include allowing participants to choose their own beverage if randomized to alcohol, using
only one form of alcohol and restricting to participants who prefer that beverage type, or — if
the differences between beverages are to be studied — only randomizing individuals who
already consume all three beverage types with regularity. In all cases, participants will need
counseling to recognize the differences in energy content of their beverage choices.

A third lesson, and corollary to the previous one, also borrows from previous alcohol trials
and the WHI experience. Longer-term trials in free-living populations have tested one
serving of alcohol per day versus abstention, while dose-response relationships have been
examined only in more controlled settings. While a long-term trial testing multiple doses of
alcohol would powerfully inform debate about the risks and benefits of moderate drinking, it
would also necessitate much larger changes in alcohol intake among participants. For
example, even if non-drinkers were excluded, very light drinkers might be randomized to
increase their alcohol intake more than 10-fold (i.e., from 1 to 14 drinks per week); the WHI
experience cautions against expecting such large changes to endure over time. The two-year
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Israeli trial similarly suggests that long-term alcohol intake is unlikely to endure among true
abstainers. Randomizing occasional drinkers to modify their intake downward to abstention
or upward to one drink daily (i.e., changing modestly in both directions) seems most likely
to succeed.

Fourth, the most successful trials in both alcohol and other dietary interventions have relied
on more than advice alone. While a trial that simply randomly assigned individuals to
receive advice to drink alcohol regularly or not would have several advantages, particularly
in cost, it may ultimately prove uninformative if insufficient contrast in ethanol intake
between the intervention arms emerges. Whether actual alcoholic beverages should be
provided is unclear, as regulatory hurdles differ widely both within and between countries,
but long-term adherence based solely on advice — even sustained advice — should not be
readily assumed.

Fifth, in the first Israeli alcohol trial and in PREDIMED, drop-out rates were higher in the
control arms than in the intervention arms, presumably because the control arms appeared
less desirable. Indeed, in those trials, the intervention arm received olive oil, nuts, or wine,
any of which might have been viewed as desirable for potential subjects. Hence, the need to
provide some tangible product to improve adherence (the fourth lesson) should be balanced
by attention to the attraction that each arm might hold to potential participants. Marked
asymmetry in this regard can lead to asymmetric retention rates.

Sixth, the successful long-term dietary and longer-term alcohol trials in free-living
populations have focused upon clinical populations, recruiting individuals at above-average
risk for the endpoints in question (e.g., diabetic adults in Israeli and Italian alcohol trials,
high-risk adults in PREDIMED, survivors of acute myocardial infarction in Lyon). This has
an obvious advantage in requiring smaller sample sizes, due to higher event rates, but may
also lead to recruitment of individuals with greater personal investment in the trial’s success.
While clinical judgment is needed to tailor the appropriate entry criteria for any trial, the
success of these trials suggests that individuals at above-average risk are likely to serve as
the best source population for alcohol trials going forward.

Finally, the existing clinical trial and epidemiological evidence provides useful insight into
the endpoints that a clinical trial of moderate drinking might be best poised to tackle.
Specifically, in the absence of a gold-standard biosensor for alcohol (the subject of a recent
federal contest),(Announcement of Requirements and Registration, (2015) HDL-C has
served as a consistent marker of adherence in nearly all feeding studies of alcohol
consumption, although more specific markers have been used in clinical trials of alcohol
misuse,(Jatlow et al., 2014) and metabolomic approaches offer promise for identifying yet
others.(Andersen et al., 2014) Even if HDL-C is an imperfect marker at the individual level,
groups of individuals assigned to alcohol or abstention should readily demonstrate
differences in HDL-C observable within a few weeks of assignment, providing early insight
into compliance and avoiding the difficulty in interpretation that plagued the WHI.
Epidemiological studies also suggest that coronary heart disease and diabetes represent the
most plausibly improved endpoints in a trial of moderate drinking, with somewhat weaker
evidence for ischemic (but not hemorrhagic) stroke; a composite outcome of major
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cardiovascular events similar to that used in pharmaceutical trials appears feasible. Safety
signals to be studied should include at least hypertension, injury, and breast cancer.

Conclusions

In summary, a long-term trial of moderate drinking is no longer beyond consideration.
Dietary trials that could easily be considered far more difficult have been successfully
completed, and alcohol trials of up to two years confirm the feasibility of manipulating
alcohol intake, provided the right beverage, dose, and population are used. Definitive
answers to the controversies surrounding moderate alcohol intake may finally be
forthcoming.
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Fig. 1.
Proposed associations of moderate alcohol consumption with chronic disease.
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Lessons from Previous Trials of Alcohol Consumption and Other Dietary Interventions

Table

L esson

Supporting Evidence

1. Even complex interventions are feasible

Long-term trials that manipulated full diets
(including alcohol) have been successfully
completed

N

. Use beverages that participants already
consume to maximize adherence

Culturally-concordant changes to diet are
easiest to effect, and all intermediate-term
alcohol trials in free-living populations have
used commercially-available beverages

w

. Test a dose of alcohol that would be
acceptable to individuals who would also
accept abstention

Extreme changes in intake are difficult to
sustain, and all intermediate-term trials in free-
living populations have compared one drink
daily to abstention

4. Provide an incentive or compensation to
adopt changes in alcohol consumption

Long-term dietary trials have provided at least
some food component, even if limited, as have
longer-term trials of alcohol

(S

. Ensure that all arms appear attractive to
participants

Drop-out rates are typically higher in the arms
that are perceived as less desirable

(2]

. Recruit individuals at above-average risk
for endpoints of interest

Higher-risk individuals may be more likely to
enter and remain adherent in prevention trials
and have been used in previous dietary and
alcohol trials

-~

. Establish endpoints using known effects of
alcohol

Coronary heart disease and diabetes are the
outcomes most consistently associated with
benefit from moderate drinking; HDL-C
appears to be a reasonable biomarker of
compliance at the population level
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