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Abstract

Background: Observational studies and crossover feeding studies suggest that moderate alcohol

use may benefit cardiovascular risk, but we know of no long-term randomized trials that have

tested this hypothesis.

Objective: We evaluated the feasibility of an efficacy study of daily ethanol use in a 6-mo

randomized pilot study in adults at higher cardiovascular risk.

Methods: In a double-blind, randomized, controlled parallel-design trial, we screened 67 adults

aged $55 y and randomly assigned 45 participants to consume 150 mL of an artificially

sweetened beverage with or without 10% grain alcohol daily for 6 mo. Participants were asked to

consume no other alcohol and returned monthly to receive the beverage and undergo

measurement of HDL cholesterol, liver function tests, and complete blood counts.

Results:Of the 45 randomly assigned participants, 39 completed the trial; the primary reason cited

for attrition was inconvenience. None of the participants reported problem drinking or developed

any serious adverse events or abnormal biochemical findings. However, we observed no

differences in concentrations of HDL cholesterol, HDL lipoprotein subclasses, aspartate
aminotransferase, alanine aminotransferase, g-glutamyltransferase, mean corpuscular volume, or

adiponectin between the alcohol and control arms, suggesting that adherence was poor. Every

participant accurately identified their assigned beverage, most with great certainty.

Conclusions: In this parallel-design pilot study of daily alcohol use, we observed none of the

expected changes in markers of alcohol intake, which suggests poor adherence to this pure

alcohol intervention. Our results suggest that long-term trials of alcohol consumption, if they

are conducted in light drinkers similar to these, must use pragmatic designs for maximal
feasibility. This study was registered at clinicaltrials.gov as NCT01377727. Curr Dev Nutr

2017;1:e000505.

Introduction

Substantial epidemiologic evidence suggests that alcohol use within recommended
limits of intake is associated with a lower risk of cardiovascular disease and diabetes
(1, 2). In addition to observational studies, crossover feeding studies, typically of a
few weeks’ duration, have identified plausible pathways linking alcohol consumption
to lower risk, including higher concentrations of HDL cholesterol and adiponectin
and lower concentrations of fibrinogen (3).

However, this body of evidence is not without important limitations. Observational
studies of drinking are prone to confounding due to ill health, socioeconomic status, and so-
cial integration, which may be difficult to control with standard epidemiologic techniques
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(4). Studies that used genetic polymorphisms in alcohol-metabolism
pathways as instruments or proxies for alcohol intake have reached
inconsistent conclusions (5, 6), as have animal studies (7, 8). Feeding
studies, although free of confounding, have commonly been a few
weeks in duration and thus only able to address short-term
changes in biomarkers, not coronary risk per se.

Given these limitations, a strong interest in long-term random-
ized trials of alcohol has developed (9), although their feasibility
remains uncertain. The USDA has conducted feeding studies of
several months’ duration (10, 11), but these provided complete
diets to participants and hence are of limited generalizability to
the type of large, free-living population necessary for a random-
ized trial. Parallel-design trials in Italy and Israel administered
wine to diabetic participants over 12–24 mo, with clear benefits
on glucose metabolism, but control beverages were either not pro-
vided or did not contain comparable polyphenols, making it im-
possible to determine if the observed effects were due to ethanol
or the antioxidants in wine (12, 13). To address the feasibility of
a long-term efficacy study of daily ethanol intake, we conducted
the Alcohol and Atherosclerosis Pilot Study, a 6-mo pilot study
in community-dwelling adults at higher cardiovascular risk, in
which participants received a control beverage with or without
the addition of pure ethanol.

Methods

Participants

We recruited free-living adults aged$55 y in the Boston, Massa-
chusetts, area from December 2008 to March 2011 to participate
in this parallel-design, double-blind randomized controlled trial.
Inclusion criteria included the presence of either diabetes or 2
other cardiovascular risk factors, including hypertension, smok-
ing, family history of premature heart disease, BMI (in kg/m2)
$30, or waist circumference$40 inches for men and$35 inches
for women (Table 1).

Exclusion criteria included the following: a history of myo-
cardial infarction or revascularization procedure (coronary, ca-
rotid, or peripheral) within the previous 6 mo; current atrial
fibrillation; any illness expected to cause death or disability
within 6 mo; blood pressure $180/110 mm Hg; alcohol intoler-
ance or allergy (including flushing); allergies to aspartame, ace-
sulfame, or artificial food coloring; current depressive symptoms
(based on a Center for Epidemiologic Studies–Depression Scale
score of $16); history of any chronic liver disease or breast or
any gastrointestinal cancer; end-stage kidney disease; use of metro-
nidazole, warfarin, or any sedative or hypnotics .4 d/wk; severe
psychiatric illness; current intake of $7 drinks/wk; previous his-
tory of alcohol abuse; intake of .4 drinks in 1 d in the past 6 mo;
no alcohol consumption in the past month; inability to speak English;
and lack of a working telephone. At a screening examination, we
also excluded individuals with abnormalities in aspartate amino-
transferase (AST), alanine aminotransferase (ALT), or g-glutamyl-
transferase (GGT); a platelet count,120,000 cells/mL; a hematocrit
,37% for men and ,33% for women; or a glycated hemoglobin
concentration .10%. To test the feasibility of repeated MRI as a

measure of subclinical vascular disease, we also excluded individ-
uals with claustrophobia, pacemakers, and intra-auricular or in-
tracranial clips.

The Committee on Clinical Investigations at Beth Israel Dea-
coness Medical Center (BIDMC) in Boston, Massachusetts,
approved our protocol; and all participants provided written in-
formed consent. The clinicaltrials.gov identifier for the study is
NCT01377727. The study was funded by the National Institute
on Alcohol Abuse and Alcoholism, which had no role in the con-
duct or presentation of the study.

Study procedures

Potential participants who responded to study advertisements were
first assessed for eligibility by telephone and screened for eligibility
at the BIDMC Harvard Catalyst Clinical Research Center. Eligible
participants entered a 2-wk run-in period during which they were
asked to refrain from alcohol use. Participants subsequently re-
turned for a baseline visit and were randomly assigned through per-
muted blocks to consume either placebo or 150 mL of 10% ethyl
alcohol (i.e., 15 g ethanol)/d for 6 mo. Subsequent study visits oc-
curred at 2 wk, 1 mo, andmonthly thereafter until 6 mo. Participants
and study staff were blinded to treatment assignment.

We provided participants with 5 L of the study beverage pre-
pared by research pharmacists on a monthly basis. The beverage
consisted of Crystal Light Lemonade or Raspberry Lemonade
(Kraft Foods), with or without supplementation with 95% ethanol
(LetcoMedical and Spectrum Chemical) to achieve a final concen-
tration of 10%. We also provided participants with a 200-mL stan-
dardized dosing glass and instructed them to consume 150 mL of
the study beverage daily. We asked that they drink only after com-
pleting tasks requiring substantial dexterity and that they refrain
from alcohol use outside of the study.

The baseline and final study visits occurred after an 8-h fast;
other visits occurred nonfasting. At all study visits, we assessed
participant vital signs, administered standard alcohol question-
naires [Alcohol Use Disorders Identification Test, CAGE, TWEAK
(14)], and performed phlebotomy. At the baseline and 3- and 6-mo
visits, we administered the Yale Physical Activity Survey, the Pitts-
burgh Sleep Quality Index, and the Center for Epidemio-
logic Studies–Depression Scale (15–17). At the baseline and final
visits, we performed 12-lead electrocardiography and an
electrocardiogram-gated 1.5 or 3T T2-weighted spin-echo MRI
of the abdomen with contrast and measured NMR spectros-
copy–based lipoprotein subclasses, total adiponectin, and glycated
hemoglobin.

At the final study visit, additional questions included the self-
reported average number of missed doses of the study beverage
per week, the total number of alcoholic beverages consumed out-
side of the study beverage, the participant’s level of certainty about
which beverage they received (i.e., masking), and their willingness
to participate in a similar study lasting 2–3 y.

Laboratory methods

At every visit, samples were immediately spun and placed into ali-
quots after routine phlebotomy; samples for immediate assays
were centrifuged at 1300 3 g for 10 min at room temperature, and
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those for storage at 20003 g for 15 min at 4°C. Aliquots for all but 2
measurements were assayed immediately by the BIDMC clinical
laboratory at these visits. At the baseline and 3- and 6-mo visits, ad-
ditional aliquots were stored briefly at 220°C and frozen at 280°C
the same day; these were subsequently assayed for adiponectin and
lipoprotein subclasses after the trial, as described below.

At each visit, we measured a series of markers intended either
for safety monitoring (complete blood count, ALT, and glucose) or

for adherence. For adherence, our primary measure was HDL
cholesterol, which has been used to validate self-reported alcohol
consumption at the population level for decades (18) and which in-
creases in a dose-dependent manner with greater alcohol con-
sumption in meta-analyses of directly administered feeding
studies (3, 19). Although more reliably considered markers of
heavy alcohol consumption, we also measured GGT, AST, and
mean corpuscular volume (MCV) as secondarymarkers of adherence

TABLE 1 Baseline characteristics of participants by intervention1

Placebo (n = 20) Alcohol (n = 19) P

Demographic characteristics
Age, y 64 6 7 65 6 6 0.33
Female, n (%) 7 (35) 7 (37) .0.99
Race, n (%)
White 15 (75) 16 (84) .0.99
Black 2 (10) 3 (16)
Asian 2 (10) 1 (5)
Other 1 (5) 2 (10)

Marital status, n (%) 0.12
Married 12 (60) 5 (26)
Widowed 1 (5) 1 (5)
Never married 3 (15) 5 (26)
Divorced/separated 4 (20) 8 (42)

Employment, n (%) 0.54
Employed 12 (60) 7 (37)
Not employed 0 1 (5)
Retired 8 (40) 10 (53)
Disabled 0 1 (5)

Education, n (%) 0.42
High school or less 1 (5) 2 (11)
College 12 (60) 7 (37)
Graduate school 7 (35) 10 (53)

Smoking status, n (%) 0.02
Former 6 (30) 8 (44)2

Current 0 5 (26)
Alcohol use, drinks/mo 8.3 6 9.8 5.6 6 8.2 0.20
BMI, kg/m2 28.5 6 5.0 30.0 6 5.8 0.75
Blood pressure, mm Hg 126 6 16/75 6 10 135 6 21/75 6 13 0.11/0.53
Hypertension, n (%) 12 (60) 13 (68) 0.74
Diabetes, n (%) 5 (25) 1 (5) 0.18
Previous myocardial infarction, n (%) 1 (5) 0 .0.99
Previous stroke, n (%) 1 (5) 0 .0.99
Statin use, n (%) 10 (50) 6 (32) 0.33

Laboratories
White blood cells, K/mL 6.2 6 1.6 6.7 6 1.3 0.75
Hematocrit, % 40.8 6 3.0 41.9 6 4.7 0.22
Platelets, K/mL 210 6 54 236 6 43 0.03
HDL cholesterol, mg/dL 52 6 123 49 6 13 0.19
Glycated hemoglobin, % 6.2 6 0.6 5.9 6 0.5 0.06
AST, IU/L 24 6 8 23 6 5 0.75
ALT, IU/L 23 6 8 24 6 10 0.75
GGT, IU/L 24 6 10 27 6 19 0.42
Glucose, mg/dL 103 6 293 95 6 172 0.33

Questionnaires
Alcohol Use Disorders Identification Test, score 2 6 1 2 6 1 0.26
Center for Epidemiologic Studies-Depression Scale,

score
2 6 4 3 6 3 0.03

Pittsburgh Sleep Quality Index, score 8 6 5 10 6 7 0.75
Yale Physical Activity Survey (total activity time), h/wk 30 6 22 27 6 16 .0.99

1Values are means 6 SDs unless otherwise indicated. P values were derived with Fisher’s exact tests for categorical variables and with median tests for continuous
variables. ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, g-glutamyltransferase; K, thousands.

2n = 18.
3n = 19.
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that perform as well as many more novel measures (20). As tertiary
markers, we measured adiponectin, which is also directly increased
by alcohol consumption in multiple feeding studies (3), and lipopro-
tein subclasses, which have been associated with alcohol consump-
tion in epidemiologic studies (21).

HDL cholesterol was measured by enzymatic assays on a
Hitachi analyzer (Roche Diagnostics), with intra-assay CVs of
0.60–0.95%. Complete blood counts were measured by using
a Sysmex X-series analyzer (Sysmex Corporation). AST, ALT,
GGT, and glucose were also measured on standard Roche
autoanalyzers.

Adiponectin was measured at the baseline and 3- and 6-mo
visits with an ELISA (Millipore Corporation). Intra-assay CVs
were 3.2–7.0%. Lipoprotein subclasses were assessed with mag-
netic resonance spectroscopy (LipoScience, Inc.) at baseline and
at 6 mo (22). In brief, lipoprotein subparticles of different sizes
emit distinct lipid methyl group signals, and the measured ampli-
tudes of these signals are directly proportional to concentrations
of lipoprotein subparticles, which are grouped into very-low-
density, low-density, and high-density lipoproteins. Mean lipopro-
tein subparticle sizes were then calculated from the diameter
of each lipoprotein subparticle and its relative concentration.

Statistical analysis

We describe demographic and clinical characteristics of participants
according to intervention arm in contingency tables and test differ-
ences with Fisher’s exact tests for categorical variables and with
median tests for continuous variables. We a priori identified 4
commonly measured biomarkers of adherence that have been re-
lated to alcohol consumption at varying levels: HDL cholesterol,
GGT, AST, and MCV (19, 23, 24). For analyses of these biomarkers,
along with ALT and BMI as markers of potential adverse effects, we
show means and SEs at the 8 study visits according to intervention
arm. We also examined adiponectin (25) and HDL particle concen-
trations as exploratory markers of adherence. We tested for differ-
ences between the study arms by using generalized estimating
equations and an exchangeable correlation structure; all of the
models included terms for intervention arm, time, and the time-
by-intervention interaction. We tested time both as a categorical
and continuous variable and examined models with and without ad-
ditional adjustment for variables that differed at baseline between
intervention and control arms (at P , 0.10). We log-transformed
liver function tests and adiponectin in these models to maximize
normality.

We collected data by using the Research Electronic Data Cap-
ture platform (26) and conducted analysis with the use of SAS ver-
sion 9.3 (SAS Institute, Inc.). All of the analyses were performed
on an intention-to-treat basis.

Results

A total of 67 participants underwent a screening visit after initial
telephone prescreening of 358 individuals (Figure 1). Of 291 partic-
ipants excluded initially, most were ineligible because recruitment
advertisements did not specify entry criteria, whereas;100 declined

due to lack of interest. At the screening visit, an additional 22 partic-
ipants were excluded with similar numbers due to lack of eligibility
and lack of interest, time, or both.

After screening, 45 participants were randomly assigned to
the control or the intervention group, and 39 completed the
study. Reasons for attrition were largely related to the burden
and inconvenience of clinic visits (n = 4) and not to beverage
side effects, with no serious adverse events. One participant as-
signed to alcohol discontinued due to life stressors unrelated to
the study, resulting in depression, and another left the area. Mi-
nor adverse events included a case of presumed influenza in a
control participant and gastrointestinal upset secondary to re-
flux in a participant in the intervention arm.

We monitored concentrations of HDL cholesterol, AST, GGT,
andMCV at each study visit as plausible markers of alcohol intake.
Results of these measurements are shown in Figure 2; in no case
did we observe a clear difference in the trend over time between
the alcohol and intervention arms, nor did any participant develop
marked (.3 times the upper limit of normal) or persistent abnor-
malities in ALT, AST, or GGT. For HDL cholesterol, our primary
marker of adherence, assignment to alcohol reduced the change
over time by 20.24 6 0.29 mg $ dL21 $ mo21 (95% CI: 20.80,
0.31 mg $ dL21 $ mo21; P = 0.39). Although several of the markers
exhibited overall time trends, we identified no statistical differ-
ences between the time trends in the control and intervention
arms for any of the biomarkers. We also observed no differences
between the 2 arms over time in adiponectin concentrations
(P = 0.99) or in concentrations of total, large, medium, or small
HDL particles (data not shown).

For safety purposes, we also examined ALT concentrations
and BMI at each study visit. Although ALT concentrations did
not differ (P = 0.67), we observed a small difference between
the 2 arms in BMI over time, with an increase from 28.5 to
28.9 in the control arm (P = 0.02) that was not present among
those assigned to alcohol (P = 0.01 for time3 alcohol interaction;
Supplemental Figure 1).

When participants were surveyed at a final debriefing, those in
the intervention arm endorsed missing a mean6 SE of only 0.46

0.1 drinks/wk, although control participants reported missing only
0.1 6 0.1 drinks/wk (P = 0.04). The 2 groups reported consuming
alcohol outside of the study beverage a mean of 1.9 times anytime
during the 6-mo study period, which did not vary between arms
(P = 0.56). Every participant correctly identified their assigned
study beverage. On a 5-point scale ranging from “very uncertain”
to “very certain” about this identification, 32 of the 39 completers
described themselves as very certain about the beverage.

When asked about their willingness to enter a multiyear study,
24 of 39 completers reported a willingness to do so, although this
differed significantly by arm (P = 0.008); 16 of 19 participants in
the alcohol arm but only 8 of 20 in the control arm would partic-
ipate in a longer trial. Of the 12 individuals in the control arm
unwilling to participate further, open-ended answers among 10
respondents suggested that the impact of complete alcohol ab-
stention on lifestyle and the time commitment were the major
factors that limited their future participation. All 39 participants
completed technically satisfactory MRI examinations (i.e., scans
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that were not interrupted and that imaged the aorta without in-
terfering artifact) at baseline; 2 participants declined follow-up
examinations.

Discussion

In this 6-mo pilot randomized trial of daily consumption of a control
beverage with or without added ethanol, no participant began prob-
lem drinking, reported serious adverse events, or developed abnor-
mal biochemical findings. However, biomarker findings suggested
that adherence to the alcohol intervention was poor. Every partici-
pant accurately identified his or her assigned beverage, the large
majority with great certainty.

The results of this trial pose a number of important lessons and
challenges for the study of moderate drinking and its role in
chronic disease. First, adherence to daily drinking appeared to
be poor by all biomarker criteria. We believe that it is likely that
this relates to the specific beverage we used, which was designed
as a vehicle for pure ethanol but not for palatability. Although this
type of beverage has been used successfully in shorter, highly con-
trolled settings like those at the USDA (10, 27), it seems doubtful
that such a beverage could be used with any assurance of adherence

in long-term trials. As a result, outcome trials will need to rely on
more pragmatic designs that use commercial beverages, which
have the particular advantage of being developed and marketed
for taste and have been used in trials of several months’ duration
or longer in both Israel and Italy (12, 13, 28). Unfortunately, this
implies that future long-term trials may be unable to test pure ethanol
as an exposure, because dealcoholized beverages will inevitably
differ to at least a modest extent in their nonalcoholic content
from their alcoholic counterparts.

Second, our trial provided useful insight on both recruitment
and attrition. Because our advertising did not specify our full entry
criteria, most respondents were simply ineligible. This is likely to
be true in any long-term trial of alcohol use, in which both lifelong
abstainers and problem drinkers would necessarily be excluded,
limiting the eligible pool to the minority of light drinkers. Further-
more, less than half of apparently eligible respondents by tele-
phone were sufficiently enthused to attend a screening visit.
Although this partly relates to the specific obstacles of this trial,
including monthly visits with phlebotomy, it further highlights
the challenge of identifying those light-drinking individuals who
are relatively agnostic between the choices of complete abstention
and daily drinking. Our results suggest that such individuals can be
found, but they represent the minority of light drinkers and may

FIGURE 1 Flow of participants through the trial.
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find complete alcohol abstention particularly difficult to reconcile
with their lifestyles. At the same time, we had relatively modest at-
trition among those participants who were randomly assigned,
which in most cases was attributed mainly to the repeated nature
of study visits and calls. Although beverage adherence appeared to
be poor, this persistence among participants suggests that a prag-
matic trial could well expect to run to completion if a sufficiently
attractive intervention can be developed and if sufficient allow-
ance can be made for occasional drinking at designated social
events among individuals assigned to abstention.

Third, our results show both the strengths and limitations of
markers of alcohol consumption. Participants in the alcohol arm
were significantly more likely to report missed beverages than
were those in the control arm, which is consistent with the lack
of palatability noted above. However, the reported adherence in
the intervention arm at the conclusion of the study was much
greater than would be suggested by the biochemical markers we
measured. Although these markers are, at the individual level, im-
perfect tests of moderate alcohol intake, they have proven to be
highly successful at documenting adherence at the group level in
previous trials. For example, a meta-analysis of feeding studies esti-
mated that 15 g of alcohol consumption should increase HDL cho-
lesterol by ;2 mg/dL (19). In our trial, the change in HDL
cholesterol over time was numerically smaller in the alcohol arm
than in the placebo arm, and the upper bound of the CI for the dif-
ference in time trends between arms was statistically compatible
with, at most, an increase of 1.86mg/dL (i.e., 63 0.31 mg/dL). Taken
together, these findings support concern for social desirability bias
in reporting and suggest that great caution will be needed in ensur-
ing a highly palatable and easily consumed beverage in any long-
term trial. Although some progress has been made in finding highly
specific biomarkers for even light drinking (29–31), it remains uncer-
tain whether any biomarker will prove sufficiently sensitive, accu-
rate, reproducible, and easily measured to be used in real time

during a clinical trial to monitor participant compliance. In this re-
gard, electronic momentary assessment may offer a useful and po-
tentially cost-effective alternative in future studies (32).

Last, all participants correctly identified their assigned bever-
age, despite the fact that the beverages were identical beyond their
alcohol content and all study staff were blinded to treatment as-
signment. Although blinding of alcoholic beverages is possible in
highly controlled, brief settings, such as those used to test expec-
tancy in understanding the behavioral effects of alcohol intake
(33), our results suggest that it is implausible to expect blinding
to be maintained in free-living settings with repeated exposure
to the assigned beverage. As such, our trial not only suggests
that tests of pure ethanol are unlikely to succeed but also that tests
of commercial alcoholic beverages are unlikely to be successfully
blinded to participants.

Several caveats warrant discussion. Our results, although dis-
appointing and instructive, reflect one center’s experience and
may not generalize well, although the BIDMC Clinical Research
Center performs trials of this type regularly (34, 35) and we
know of no other US centers that have pilot-tested alcohol con-
sumption for such a long duration. As noted above, we interpret
our findings as showing a lack of adherence to the alcohol arm,
and although self-reported adherence did differ significantly be-
tween arms, the absolute level of self-reported adherence was
high. As such, it is possible that participants were indeed compli-
ant but that long-term ethanol intake does not influence bio-
markers in the same manner as does short-term intake (28).
However, trials of even longer duration have observed expected
effects on HDL cholesterol (12, 13), and we observed no effects
on HDL cholesterol even at early time points. We only tested a sin-
gle artificially sweetened beverage, and adherence may have been
better with another control beverage with added ethanol, al-
though none are likely to achieve better acceptance than the use
of commercially available alcoholic beverages in a pragmatic trial.

FIGURE 2 Biomarker concentrations of HDL-C (A), GGT (B), AST (C), and MCV (D) among participants assigned to alcohol or the control
beverage at all measured time points. Values are means 6 SEs. P values represent the difference in linear time trends between groups from
mixed models, adjusted for baseline differences in smoking, platelet count, glycated hemoglobin, and depressive symptoms. AST, aspartate
aminotransferase; GGT, g-glutamyltransferase; HDL-C, HDL cholesterol; MCV, mean corpuscular volume.
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In summary, in this 6-mo randomized pilot study, we identified
no problems with alcohol misuse or serious adverse events in a
well-screened population, but biochemical analyses suggest that
adherence to the alcohol intervention was poor, and all partici-
pants correctly identified their beverage. Our experience high-
lights important challenges to the study of ethanol and argues
for pragmatic designs that have garnered increasing interest
within the biomedical community in recent years.
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