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Abstract

Background: Observational studies have documented lower risks of coronary heart disease and
diabetes among moderate alcohol consumers relative to abstainers, but only a randomized clinical
trial can provide conclusive evidence for or against these associations.

Aim: The purpose of this study was to describe the rationale and design of the Moderate Alcohol
and Cardiovascular Health Trial, aimed to assess the cardiometabolic effects of one alcoholic drink
daily over an average of six years among adults 50 years or older.

Methods: This multicenter, parallel-arm randomized trial was designed to compare the effects of
one standard serving (~11-15 g) daily of a preferred alcoholic beverage to abstention. The trial
aimed to enroll 7800 people at high risk of cardiovascular disease. The primary composite
endpoint comprised time to the first occurrence of non-fatal myocardial infarction, non-fatal
ischemic stroke, hospitalized angina, coronary/carotid revascularization, or total mortality. The
trial was designed to provide >80% power to detect a 15% reduction in the risk of the primary
outcome. Secondary outcomes included diabetes. Adverse effects of special interest included
injuries, congestive heart failure, alcohol use disorders, and cancer.

Results: We describe the design, governance, masking issues, and data handling. In three months
of field center activity until termination by the funder, the trial randomized 32 participants,
successfully screened another 70, and identified ~400 additional interested individuals.

Conclusions: We describe a feasible design for a long-term randomized trial of moderate
alcohol consumption. Such a study will provide the highest level of evidence for the effects of
moderate alcohol consumption on cardiovascular disease and diabetes, and will directly inform
clinical and public health guidelines.

Keywords

Randomized controlled trial; ethanol; cardiovascular diseases; diabetes mellitus type 2; geriatric;
research design

Introduction

Despite the well-understood adverse effects of excessive alcohol use,! no consensus exists
about the risks and benefits of moderate alcohol use on cardiovascular disease (CVD),
cancer, or overall health. A lower risk of coronary heart disease (CHD) and myocardial
infarction (MI) among moderate drinkers compared to abstainers has been reported in over
100 observational studies.?2 In addition, numerous short-term randomized controlled trials
have shown beneficial effects on a range of biomarkers that could explain these associations.
4 However, studies of genetic polymorphisms that influence alcohol consumption and
metabolism have yielded inconsistent results.5-8 Moderate alcohol consumption has also
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been associated with a lower risk of total mortality and type 11 diabetes,®1! but uncertainty
about the size and dose—response curves of these associations remains.3

At the same time, several non-cardiovascular health outcomes have plausible strong adverse
relations with moderate drinking that bear directly on the safety of any clinical trial of
alcohol consumption. Alcohol consumption appears linearly associated with an increase in
the risk of breast cancer.12 There is evidence for a similar relationship with other cancers,13
especially oropharyngeal and esophageal cancers for which substantial synergy appears to
exist between alcohol intake, cigarette smoking, and genetic susceptibility.1 Although
heavy drinking can cause a direct cardiomyopathy,1® the association of lighter alcohol
consumption with heart failure is positive in some analyses® but inverse in others.16 Even
moderate alcohol consumption may increase risk of injuryl” and, in some cases, perhaps
lead to subsequent alcohol abuse.118 In addition, an increased risk of overweight and
obesity due to daily drinking must be considered.19

Given the potential limitations of causal inference based upon observational studies and the
quite limited scope and duration of previous randomized trials of moderate alcohol
consumption, 20 equipoise exists about the health effects of moderate drinking. For example,
differences in the associations of alcohol consumption with risk of CVD have been noted in
different geographic regions.?1.22 Given the widespread prevalence of alcohol consumption,
this uncertainty is untenable and provides the rationale for a long-term, international,
multicenter randomized trial of moderate drinking compared with no or very low alcohol
intake on CVD, diabetes, and mortality among adults of above-average risk for these
outcomes. The alcohol intervention to be studied was based upon observational evidence for
dose and beverage type, previous clinical trial evidence for feasibility, and US and
international guidelines for safety. Of note, calls for a randomized trial of alcohol
consumption are now over a decade old.23:24 Here, we summarize the protocol for this study,
which is also publicly available at www.clinicaltrials.gov as NCT03169530 and in the
supplementary material.

Sponsorship

The trial organization for the Moderate Alcohol and Cardiovascular Health Trial (MACH15)
resembled that of other large National Institutes of Health (NIH)-sponsored multicenter
clinical trials and was designed to protect against possible conflicts of interest in accordance
with previously published recommendations.2> The National Institute for Alcohol Abuse and
Alcoholism (NIAAA) initiated and sponsored this trial following an extensive and rigorous
peer review of both the application for funding and, separately, the accompanying protocol.

The Foundation for the National Institutes of Health (FNIH) supported the trial financially
and managed contact between public and private organizations on behalf of NIH. The funds
provided by FNIH for this project were contributed to FNIH by the brewing and distilling
industries following contract negotiations that established an intellectual and financial
firewall between MACH15 investigators and private contributors. The corporations
providing support agreed to have, and had, no contact with trial investigators about any
aspect of the study after their commitment of funding, and they agreed to receive no data or
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updates until they became publicly available. Ultimately, however, the most important
safeguard for impartiality lies in the execution of a rigorous, transparent protocol following
independent, expert peer review, and in the conduct of the statistical analyses as described in
the protocol.

Trial organization

The organizational structure of MACH15 is presented in Figure 1. It consisted of several
integrated coordinating centers: the Administrative Core at Beth Israel Deaconess Medical
Center (BIDMC); the Biospecimen Repository Center and the Statistical Coordinating
Center (SCC) at the Harvard TH Chan School of Public Health; the Data Management
Center and US Clinical Coordinating Center at Wake Forest University Health Sciences
(WFUHS); and the International Clinical Coordinating Center at Julius Clinical (JC) in the
Netherlands. Scientific leadership was provided by the Steering Committee, with external
oversight provided by Institutional Review Boards/Ethics Committees (IRB/EC) and a Data
and Safety Monitoring Board (DSMB) originally appointed by NIAAA. Seven vanguard
clinical sites across four continents initiated trial approval locally. The vanguard sites were:
WEFUHS, Wake Forest, NC, USA; Johns Hopkins ProHealth Clinical Research Center,
Baltimore, MD, USA; JC, Zeist, the Netherlands; Center for Bioethics and Research,
Nigeria; Institute for Clinical Effectiveness and Health Policy, Argentina; University of
Copenhagen, Denmark; and Hospital Clinic — University of Barcelona, Spain.

Study design

Eligibility,

MACH15 was a two-arm, balanced-design, randomized trial. Recruitment was planned for
an initial nine-month vanguard phase at the seven clinical sites listed above, followed by the
addition of approximately nine clinical sites. Participants were expected to be recruited over
a three-year period and followed for 4.5-7.5 years with a common closeout date, with an
average follow-up of six years. Participants were stratified by clinical site and, after
completing a two-week washout period, randomly assigned to either one standard serving of
alcohol daily or abstention. Although randomization was generally individual, the protocol
called for all consenting eligible members in a single household to be randomized to the
same arm to maximize adherence.

The overall goal for recruitment was 7800 clinic- and population-based participants,
approximately 500 at each of the 16-20 clinical sites around the world. Recruitment goals
included ~50% women and demographic characteristics representative of the community
surrounding each of the clinical sites. Due to the international nature of the trial, clinic-
specific enrollment targets were determined based upon the demographics of each clinical
site.

recruitment, and retention

A multifaceted approach to screening and enrollment is essential to achieve the recruitment
goal for any clinical trial. For this multicenter international trial, recruitment strategies
targeted both existing populations within the clinical practice sphere of the individual field
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centers and free-living individuals from outside these practice settings. Recruitment used
specific community resources to promote recruitment of women and minority or under-
served populations to ensure adequate representation. Recruitment strategies differed by site
due to cultural differences and ranged from outreach by community research workers (in
Nigeria) to broad regional mailings (in Baltimore) and recruitment through primary care
networks (in the Netherlands). Further details on recruitment and screening strategies can be
found in the study protocol (supplementary material).

Upon contact with interested participants and pre-screening, field centers scheduled
screening visits to ensure eligibility. Subsequently, individuals meeting all eligibility criteria
completed a two-week washout period where they abstained from drinking alcohol.
Adherence was measured by self-reporting during and after the washout period. This
ensured that prospective participants understood and were willing to comply with lifestyle
changes regarding alcohol consumption, and provided for uniformity in current abstention at
the time of baseline biospecimen collection. Clinical sites were allowed to institute a run-in
period prior to the washout period, in which prospective participants consumed one drink
(~11-15 g) of alcohol daily for seven to 14 days. Participants who successfully completed
the two-week abstinence period were then scheduled for their baseline randomization visit.
A central recruitment database on the study website (now closed) enabled sites to track all
relevant screening inclusion and exclusion data to enable the comparative evaluation of site-
specific recruitment strategies, to monitor recruitment progress trial-wide, and to adapt
strategies for recruitment when indicated.

MACH15 inclusion and exclusion criteria, presented in Tables 1 and 2, were made as direct
as possible to ensure standard implementation across all clinical sites. The objectives of
inclusion and exclusion criteria were to enroll a trial population that would yield adequate
event rates for statistical power, maximize safety, and, of least importance, promote
generalizability. Importantly, the Office for Human Research Protections states that ethical
review “should not consider possible long-range effects of applying knowledge gained in the
research (e.g., the possible effects of the research on public policy).”26 Therefore, reduction
of individual risk supersedes concerns like generalizability or public health relevance, and
MACH15 investigators prioritized this mandate in minimizing risk to participants. Eligibility
criteria were developed to facilitate the identification and inclusion of participants who
would adhere to the trial protocol, were at above-average risk for CVD, were not at above-
average risk for breast cancer, and were at minimal risk for alcoholism. These criteria were
essentially identical to those used in a pilot study that preceded this trial .2’

An important consideration with which trial investigators grappled was the limits of previous
alcohol consumption allowed. For safety, never- and problem drinkers were both excluded.
To minimize the degree of behavior change required for adherence, the limits of previous
drinking were set exactly at the two doses represented in the study intervention — near
abstention and one standard drink daily — as described below.
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Intervention

Dose

Although maximum caps on drinking in national guidelines differ substantially, the NIAAA
currently recommends limits of 14 drinks per week for men under 65 years of age and seven
drinks per week for women and for men aged 65 years and older. In the absence of
contraindications, a dose of ~11-15 g daily (i.e. one standard drink of regular beer, white
wine, red wine, or spirits28) would be viewed as within recommended limits by authorities
in all participating countries, including the US NIAAA and the US Department of
Agriculture Dietary Guidelines.?®

Beverage choice

The specific type of alcoholic beverage type consumed appears to be less important than the
frequency with which alcohol is consumed, at least for CHD.39:31 The effect of alcohol on
high-density lipoprotein cholesterol (HDL-C), a marker used in MACHZ15 for population-
level compliance, also does not differ by beverage type in short-term controlled experiments.
32,33 Moreover, differential impact of beverage type has not been observed on insulin
sensitivity, platelet function, tissue plasminogen activator, and other components of clotting
and fibrinolysis.3%:34 In contrast, insufficient evidence exists on the potential health effects
of other components of alcoholic beverages33:3° (i.e. polyphenols) to restrict the trial to a
single beverage. By allowing maximal flexibility in beverage type, thus mimicking natural
history, the trial aimed to maximize adherence over time and increase generalizability.

The MACH15 trial included two intervention arms: one assigned participants to consume a
standard daily drink (by US standards) containing 11-15 g, and the other assigned
participants to near-complete abstention from alcohol. These doses were chosen explicitly to
maximize contrast between arms; given the uncertain nature of the dose—response curves for
CHD and mortality, even once-weekly consumption could have physiological effects. On
average, participants in the alcohol arm could choose between consuming approximately
150 ml (~5 ounces) of wine, 350 ml (~12 ounces) of beer, or 45 ml (~1.5 ounces) of spirits.
Where minor differences in the alcohol content of beverages existed (e.g. the size of beer
cans in the US and Denmark), participants were allowed to consume one serving of the local
standard.

Participants in the intervention arm were asked to consume alcohol only after activities that
required dexterity and alertness were completed for the day. They were advised to consume
alcohol with meals as part of a healthy diet, but no specific dietary manipulation occurred.
Participants in the abstention arm were asked to abstain from drinking alcohol nearly
completely to ensure a sharp contrast between the two trial arms; however, a modest degree
of tolerance towards alcohol consumption in the abstention arm was specifically allowed to
promote adherence. Participants in each group received eight “day-off” passes per year that
formally permitted a single-day crossover and were distributed annually beginning at
randomization. In the alcohol arm, these passes could be used to abstain from drinking
alcoholic beverages on days when illness or travel precluded consumption. In the abstention
arm, these passes could be used to drink one alcoholic beverage on holidays and special
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occasions. Pass usage was assessed regularly using all forms of communication noted below.
Passes could only be used twice monthly, never on the same day, and without rollover. This
innovation greatly increased the feasibility and patient willingness to participate in either
arm of the trial.

Participants in the alcohol arm were expected to incur increased costs over their usual intake
if asked to drink daily, and the trial allowed for compensation of costs or beverages. Due to
the regulatory differences in alcohol policies between states, countries, and regions, clinical
sites had flexibility in terms of providing reimbursement for or distribution of alcohol. For
compensation, a limit was set to 75% of the monthly cost of the most commonly consumed
alcoholic beverage in the region (e.g. Bud Light® in the US) to avoid influencing informed
consent or encouraging excessive use. Table 3 displays the models for alcohol provision and
the sites that used them. In all cases, the distribution of or reimbursement for alcohol
required participants’ adherence to the protocol and frequent engagement with trial staff,
providing additional protection from escalation in use. In addition, sites had discretion as to
whether to provide other retention incentives to participants in both the alcohol and
abstention arm, such as small non-alcoholic gifts or remuneration of transport or parking
expenses.

The intensity of the intervention was similar in both arms of the trial. Beginning at the
initiation of the pre-randomization run-in period and continuing throughout follow-up, in-
person clinic visits were supplemented by random, individualized, automated participant
contact to assess the number and the types of drinks consumed. These automated contacts
occurred twice weekly (one weekend and one weekday) in months one—three; once weekly
in months four—six; and once every two weeks starting at month seven until the end of the
trial, provided the participant demonstrated adherence and complete engagement. The
automated contacts prompted participants to provide information on the amount and type of
alcohol consumed in the prior 24 hours. Given varied levels of familiarity and comfort with
electronic communication, participants could choose their preferred method of
communication — smartphone application, email, or text message — and could change that
format at any time. If automated contact attempts were left unanswered or if adherence
decayed, field center staff initiated follow-up with an off-schedule telephone call, as shown
in Figure 2. Adherence to the intervention was also examined by study staff on quarterly
telephone contacts using the Timeline Follow-back (seven day) recall form3® and the Yale-
Brown Obsessive Compulsive Scale-heavy drinking (Y-BOCS-hd).37 The Y-BOCS-hd tracks
changes in alcohol craving over time to identify participants at early risk for developing
problem drinking.

The baseline visit included formal counseling and motivational interviewing methods that
have been used successfully in other clinical trials.38 At each subsequent in-person clinic
visit and telephone call, key concepts in adherence were reiterated.3240 Participants received
adherence counselling by clinical staff using individualized motivational interviewing
techniques, if they: (a) were less than 85% adherent in the alcohol arm; (b) less than 100%
adherent in the abstention arm, excluding passes; or (c) consumed alcohol excessively (Table
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4). Specific steps to improve adherence were then triggered and involved intensive health
coaching, increased automated contacts by the adherence system, and telephone or in-person
discussions with the participant.

In addition to individual monitoring, overall group adherence to the intervention was
assessed using HDL-C as an indirect biological marker (see below). Newer, more direct
biomarkers of adherence,*142 such as urine biomarkers and hair samples, were to be
collected on a site-specific basis in a sample of participants to document compliance.

Hypotheses and outcomes

The primary hypothesis of the trial was that one standard serving of alcohol consumption
daily would reduce the risk of CVD incidence and mortality, compared to abstention from
alcohol in the targeted age group. This hypothesis was to be tested using a composite
primary outcome that included time to first occurrence of non-fatal MI, non-fatal ischemic
stroke, hospitalized angina, coronary/carotid revascularization, or total mortality.

In addition, two secondary hypotheses were pre-specified: (a) one standard serving of
alcohol daily reduces the rate of incident diabetes compared to abstention from alcohol
among participants free of diabetes at enroliment; and (b) one standard serving of alcohol
consumption daily reduces the rate of CVD or CVD mortality compared to abstention from
alcohol. Compared with the primary outcome, the latter hypothesis tested a composite
outcome representing total CVD.

Finally, three tertiary hypotheses were pre-specified: (a) among participants free of pre-
diabetes or diabetes at enrollment, one standard serving of alcohol daily reduces the rate of
pre-diabetes compared to abstention from alcohol; (b) one standard serving of alcohol
consumption daily reduces the rate of non-fatal MI, non-fatal ischemic stroke, or
cardiovascular death, compared to abstention from alcohol; and (c) one standard serving of
alcohol consumption daily reduces the rate of each of the individual components of the
primary and secondary outcomes compared to abstention from alcohol (non-fatal Ml, non-
fatal ischemic stroke, hospitalized angina, coronary/carotid revascularization, and
cardiovascular and total mortality). The second of the tertiary hypotheses tested a composite
outcome representing “hard” CVD.

The choice of total mortality in the primary endpoint was intentional but bears examination.
It was intended to minimize the effect of competing risk, in which non-fatal events might
appear to be lower among consumers of alcohol because they died from other causes more
rapidly.3

Measurements, ascertainment, and follow-up

Clinical outcomes were ascertained in both arms two and four weeks post-randomization,
and every three months thereafter, during telephone calls or in-person clinic visits by
assessors using a structured interview to minimize ascertainment bias. Clinical outcomes
were to be identified through self-reports and laboratory measures, followed by the
collection of medical records. The medical records included information about
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hospitalization admission and history, laboratory results, electrocardiogram, results of
imaging techniques, and/or reports of revascularization or surgery procedures, collected by
unmasked clinical site staff. Masked Medical Safety Officers were then to use their clinical
judgment to review and adjudicate each case using pre-specified definitions and operational
rules. In addition, a subset of outcome events was to be centrally validated by independent
adjudicators. MACH15 used criteria, definitions for outcomes, and operational rules based
on other recent cardiovascular trials, such as SPRINT#4 and LIFE, > and updated them as
necessary. Clinical site staff used available registries and contact information to assess vital
status annually among participants who did not respond to staff contact, but had not with-
drawn consent.

Quality control

Data integrity and quality are among the highest priorities in clinical trials, including this
one. The quality assurance activities to be conducted included: (a) the development and
dissemination of manuals and uniform procedures to ensure data integrity; and (b) risk-
based monitoring and analytic activities that assessed performance during data collection
and processing. The detailed quality control procedures are described in the study protocol
(supplementary material).

For quality control of outcome ascertainment, a sample of outcomes were reviewed and
adjudicated centrally. At the beginning of the trial, if at least 10 composite specific outcomes
(four Mls, two hospitalizations for angina, two strokes, one revascularization, one death) at
each clinical site were validated with the full agreement of the Outcomes Subcommittee,
then local classification and adjudication would no longer require full central review.
Otherwise, central adjudication was to occur until clinical sites consistently achieved full
agreement with central classification and adjudication. In either case, an annual 10% random
quality control sample of outcomes was to be reviewed and validated centrally by the
Outcomes Subcommittee.

MACHZ15 used several different proven training models for study staff: central training for
clinical site staff, web-based training, on-site training by Clinical Coordinating Center
personnel, and a train-the-trainer approach. Telephone calls and web-based platforms were
used for periodic refresher trainings. The first central training session was conducted in
October 2017, prior to the start of recruitment, for clinic investigators and staff. Each clinical
site staff member was also required to complete a data handling training program before
being given an ID and password to use the MACH15 website.

Statistical analysis, sample size, and power

The primary analysis in MACH15 assessed the significance of any difference observed in
the distribution of time from randomization until occurrence of the primary endpoint, using
censored survival data analysis methods for clustered data (i.e. in households). All
randomized participants were grouped according to their intervention assigned at
randomization in accordance with the intention-to-treat principle. Kaplan—Meier estimates
of proportion of participants who remained event-free at pre-specified time points, and the
associated confidence intervals, would be calculated in each arm, and the log-rank test for
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clustered data,*6-48 stratified by clinical site, would assess the statistical significance of any
differences observed. Hazard ratios and 95% confidence intervals would be calculated using
Cox regression for clustered data,9->1 adjusted for clinical site. Log-log plots of survival
and effect modification by time since randomization were to be assessed to evaluate the
proportional hazards assumption. If the assumption was not justified, in secondary analysis,
the study would report time-specific effect estimates and consider the use of accelerated
failure time models, which may provide a more parsimonious fit to the data. The analysis of
the secondary and tertiary endpoints would be conducted as described above.

Although randomization ensures that, on average, treatment groups are balanced with
respect to potential risk factors for CVD or death, this may not be true in any given trial due
to chance. Thus, the success of randomization was to be evaluated by comparing the
baseline characteristics of participants in the treatment groups, and then to re-assess
treatment effects in secondary analysis after adjusting for the risk factors associated with the
strongest imbalances. To adjust as finely as possible for confounding by measured risk
factors, an additional pre-specified secondary analysis would adjust for all measured risk
factors.

Non-adherence to the assigned treatment is another potential challenge for obtaining an
unbiased treatment effect. Secondary sensitivity analysis would include per protocol and as
treated analyses®2 by using instrumental variables methods,>3:54 by potential outcomes
approaches,® by comparing the compliance estimates, and by computing log-rank tests
weighted by time-varying probability of adherence.%6 The “contamination-adjusted
intention-to-treat” approach uses instrumental variable analysis to adjust for non-adherence
in a two-stage approach. The potential outcomes approach is an estimation procedure for the
intention-to-treat effect that maintains randomization-based properties under more plausible,
non-ignorable noncompliance, and non-ignorable missing-outcome conditions. The log-rank
tests weighted by time-varying probability of adherence involves modeling the probability of
non-adherence given available covariate data, and then uses the inverse of these estimated
probabilities, suitably stabilized, to reweight the log-rank test statistic to mimic the study
population that would have been observed, had there been no non-adherence.

Effect modification by pre-specified risk factors for CVD was to be evaluated by calculating
stratum-specific point and interval hazard ratios and by assessing the statistical significance
of any differences observed through a partial likelihood-ratio test for clustered survival data.
The pre-specified subgroups included age (<70 versus 70+ years), sex, HDL-C, and baseline
CVD risk (tertiles of each), geographic region, and prevalent diabetes at enroliment. No a
priori effect modifiers were hypothesized, and the study was not specifically powered to
detect any.

Sample size calculations involved: extensive explorations over a range of primary endpoint
definitions and baseline rates; baseline adherence rates and improvements to these due to
household network effects; pro-portions of households with one, two, and three eligible and
enrolled members; intra-household correlation coefficients; and minimum expected effect
sizes. We assumed that the primary combined CVD incidence endpoint rate in the abstention
arm would be 0.026/person-year, modestly higher than the 2.2% annual rate observed in
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SPRINT,* increased slightly because, unlike SPRINT, MACH15 included diabetic
participants and total mortality as an outcome. We assumed 1% annual complete loss to
follow-up in both groups, and 10% non-adherence at any point in time over follow-up for
participants who are the sole person in their household to be randomized. For these
participants, this leads to an effective hazard ratio of 0.838, under an assumed true hazard
ratio of 0.82.2 Under these assumptions, to provide a minimum of 80% power at a two-sided
0.05 significance level for detecting a 18% relative decrease in the intervention group
endpoint rate, for an individually randomized trial design with one participant per
household, the trial required 3900 participants per arm,>’ for a total of 7800. Adherence was
expected to improve among households with multiple enrolled members. Assuming that
non-adherence would be 10% in single households and 9% in multiple-participant
households, then the following further assumptions would guarantee 80% power: an
intraclass correlation coefficient = 0.005, a proportion of households with =2 members equal
to 70%, a proportion of additional household members eligible to be 30%, and a sample size
of 7800 participants. The gain in power due to the expected modest improvement in
adherence was offset by the reduction in power due to the modest within-household
clustering assumed. Although we conservatively powered the trial for an expected relative
risk (RR) of 0.82, evidence suggests that a RR as low as 0.75 might be plausible.? In that
situation, the trial would have adequate power for baseline rates as low as approximately
0.0125/person-year, significantly lower than the observed rate in SPRINT.#4

To determine that minimal annual adherence rates were achieved to ensure adequate power,
an early comparison of HDL-C, known to be a useful marker at the group level,?8 was
instituted. Specifically, the SCC would compare the change in HDL-C from baseline to the
six-month visit between the two trial arms after 1000 participants have been enrolled. Based
on a two-sample #test for comparing the difference between the changes in the intervention
and abstention groups, the minimum detectable change in HDL-C with 80% power was 0.89
to 3.1 mg/dl, assuming no change in the abstention group and that the standard deviation of
the change in the HDL-C would fall between 5 mg/dl and 8.5 mg/dl, corresponding to a 50%
range around the median value, 6.7 mg/dl, reported previously.5®

For comparison purposes, we also calculated the sample size needed in a six-year trial with
an additional three-year period of enrollment (i.e. like MACH15) to detect the observed risk
of any alcohol-related cancer and of breast cancer, using published definitions and estimates
of RR% and interpolating RRs for ~15 gm/d (i.e. the dose used in MACH15 if the strongest
alcoholic beverages were consistently consumed). The sample size needed to detect the
observed RR for any alcohol-related cancer (RR of 1.13) is ~60,000 individuals. For breast
cancer, the sample size needed to detect a RR of 1.1, assuming 2% five-year risk, is
~350,000 women.

Safety monitoring

MACH15 has been through a thorough reviewing process: the trial was approved by
NIAAA, a DSMB and a Safety Subcommittee was appointed to monitor and review safety
during the study, and an IRB/EC approval was a prerequisite at all sites. Safety was designed
to be thoroughly monitored throughout a participant’s interaction with the MACH15 trial
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from the screening process through the end of trial follow-up. Both serious and non-serious
adverse events (AEs) were to be documented through case report forms on the secure
MACH15 website and reported to the DSMB, to the sponsor, and to each clinical site’s
IRB/EC.

Specific AEs potentially related to alcohol consumption were of special interest.50
Participants were specifically queried about these events at their regular contacts and visits —
exactly as often as the primary and secondary endpoints. These included total and site-
specific cancer, excluding non-melanoma types of skin cancer; road or water accidents that
require medical attention; major falls requiring medical attention in the hospital or
emergency ward; fall-related fractures; atrial fibrillation requiring hospitalization; congestive
heart failure requiring hospitalization; and hemorrhagic stroke requiring hospitalization. In
addition, investigators reported increases in liver tests to >2 times the upper limit of normal,
alcohol use disorder, and unexpected events for which the clinician believed that
participation caused or contributed to the event.

The Safety Subcommittee was established to review trial data related to the overall safety of
trial participation, address IRB/EC issues related to participant safety that may arise, review
clinical practice-related issues, and oversee the clinical safety of all trial participants. The
Safety Subcommittee was chaired by a Central Monitor, a masked physician, responsible for
the review of all serious AEs that might require DSMB and sponsor reporting. With the
assistance of the SCC, this committee also discussed AE reports, ensured consistency in AE
coding and reporting, and reviewed potential trends.

Web-based trial management

All MACH15 data were collected and data entered directly into web-based forms and saved
to a Structured Query Language database at the BIDMC. The web-based system
incorporated real-time quality control checks, including verification of eligibility prior to
randomization. Documentation of the data entry system was maintained at the BIDMC,
along with training materials for clinical site staff that were available for download. Site-
specific reports of aggregate participant demographics, recruitment goals, screening yield,
and others were available on the website in real time. All data were password-protected, and
access to each portion of the website was limited on an individual basis to correspond with
an individual’s role in the trial. Person-identifiable information were kept separate from all
other information and linked only by the pseudo-anonymous study-ID for each participant.
As a result, the trial met or exceeded security recommendations specified by the National
Institute of Standards and Technology®! and met European data protection regulations.52

Ancillary studies

Ancillary studies enhance the value and productivity of any trial and spur continued interest
among the diverse group of investigators who are critical to the success of the trial. The
MACH15 trial encouraged investigators to develop ancillary studies in conjunction with
other investigators, within and outside of MACH15. An Ancillary Studies Committee
reviewed each proposal to ensure that its objectives did not duplicate nor interfere with the
main MACH15 trial objectives. As of April 2018, seven ancillary studies had been proposed
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and were under review, including proposals related to mutation load and carcinogenesis,
metabolomics, and sleep.

Ethical approval, recruitment rates, and study termination

MACH15 received IRB approval in the following countries: USA (Maryland, North
Carolina), The Netherlands, Nigeria, Argentina (two of four clinical centers), and,
conditionally, in Denmark. The parent approval was received from the Committee on
Clinical Investigations at the Beth Israel Deaconess Medical Center in Boston (protocol
2017P000333). The remaining approval numbers are available from the supplementary
material. All participants provided written informed consent. Recruitment of participants for
MACH15 was initiated in February 2018 at four vanguard sites: the Johns Hopkins
ProHealth Clinical Research Center, Baltimore, MD, USA,; the Wake Forest School of
Medicine, NC, USA; the Center for Bioethics and Research, Nigeria; and JC, the
Netherlands, as shown in Figure 3. At these four sites, a total of 751 individuals were pre-
screened during telephone interviews. Screening was completed and written informed
consent was signed by a total of 390 individuals, but 279 were ineligible after the screening
visit. Among the remaining eligible volunteers, 32 participants completed the 14-day
alcohol-free run-in and were randomized to alcohol or abstention from February to May
2018. The remaining 75 subjects were still in the screening or the run-in period of the trial,
of whom four volunteers were already deemed fully eligible after run-in but had not been
randomized yet. These numbers indicate that the recruitment goal of 7800 participants at
approximately these and another nine sites over three years was readily achievable. In May
2018, the study was terminated by the NIH and funding withdrawn.

Discussion

In this balanced-design randomized trial, the doses of alcohol assigned in the two arms — ~0
and ~11-15 g daily — were designed to test the prospective relationship, if any, of alcohol
with CVD and mortality. Because of the steep descending limb of the alcohol- CVD
relationship, even modest levels of alcohol intake above abstention in the control group
could influence trial outcomes and reduce statistical power. At the same time, given the
apparently flat portion of the alcohol-CVD relationship between 15 and 30 g daily, little
evidence suggested that doses above ~15 g would provide greater cardiovascular benefit.
Therefore, participants were asked and counseled to consume nearly no alcohol in the
abstention arm and one standard serving in the intervention arm.

Although observational studies are not perfectly consistent in the relative effects of different
alcoholic beverages, their similarities greatly outweigh their differences, both in direct
effects on biomarkers and on risk of chronic disease. Moreover, clinical practice and national
guidelines do not differentiate among beverages in establishing safe limits to drinking.
Because drinking preferences differ between individuals and even within individuals over
time, maximal flexibility in beverage type increases the likelihood of adherence among
individuals assigned to alcohol consumption. Further, all successful longer-term studies have
used commercially available beverages3?:63; and the only parallel-arm trial that used an
artificial beverage containing grain ethanol demonstrated poor adherence over six months.2’
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Therefore, participants were not restricted in the type of commercially available alcoholic
beverage they chose to consume in MACH15 but only in the amount of alcohol consumed.
This flexibility in beverage choice should also increase generalizability of results.

One limitation of the MACH15 design was an inability to test various doses or to
individualize them. For example, the tested dose could differ for men and women®4 or be
tailored to a person’s body size. On the other hand, the safety and feasibility of testing doses
of alcohol above 15 g daily have not been demonstrated, for no study of three months or
longer has employed doses beyond ~15 g of alcohol daily, and the ~15 g limit has previously
been studied successfully for as long as 24 months.5>

Although alcohol consumption has not been tested in any long-term randomized trial, and
short-term trials of its use within recommended limits have rarely demonstrated any clear
signals of harm, there is, nonetheless, potential for harm.%8 For example, alcohol is an
addictive substance, although the risk of acquiring addiction differs substantially based upon
a host of environmental and personal characteristics.13:67 Alcohol is sedating, even with
recommended limits, and may interfere with the ability to drive or operate dangerous or
delicate machinery. In addition, alcohol can increase the sedative effects of any medication
that causes drowsiness, including drugs for anxiety and depression. In addition, liver
cirrhosis, classically associated with long-term heavy drinking, has also been associated with
even moderate alcohol intake, although this could reflect susceptibility among individuals
with predisposing forms of underlying liver disease such as non-alcoholic fatty liver
disease®8 or infection with hepatitis viruses.59 On the other hand, a recent meta-analysis
found a linear relationship between alcohol and cirrhosis with no safe limit for women and
increased risk for men with two drinks per day.’° In addition, alcohol may also impair sleep
quality.”1

An important question also surrounds the ability for any trial to identify cancer risks from
alcohol. Unless a trial intentionally recruited subjects at high risk for cancer — an
unequivocally unethical proposition — no randomized trial of any realistic size would be
powered to detect an increase in risk of breast cancer of the magnitude observed in
observational studies. Specifically, the sample size needed in a trial like ours to detect the
expected risk of any alcohol-related cancer is ~60,000 individuals — a full 10,000 individuals
larger even than the Women’s Health Initiative Dietary Modification Trial. For breast cancer,
the sample size needed to detect a RR of 1.1 is ~350,000 women — that is, once men were
included, it would need to be literally the largest individually randomized trial ever
conducted. Given that reality, suggestions that breast cancer should be a primary outcome
appear ill-advised. Instead, to maximize safety, MACH15 specifically excluded volunteers
with a family history of cancers that could be affected by alcohol, resulting in an effective
margin of safety in the range of 10-100 cancers. Nonetheless, cancers recorded as AES in
MACH15 would provide the best available evidence for estimation of cancer risk at
moderate levels of alcohol intake. Moreover, were MACH15 to validate the observed effects
of alcohol on outcomes like CHD or diabetes, it would provide strong indirect support for
the observed effects on cancer that derive from literally the same cohort studies. It must also
be underlined that conducting human trials with an aim of inducing adverse effects is illegal

Eur J Prev Cardiol. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Spiegelman et al.

Page 15

in most countries and violates international conventions; the safety margin defined here is,
therefore, central for the ethical conduct of a trial of alcohol consumption.

Although observational evidence generally suggests that alcohol consumption tends to be
associated with lower risk of CHD across a wide variety of populations, ethical, practical,
and clinical considerations suggest that this hypothesis is most efficiently studied in high-
risk individuals. From a practical standpoint, a high-risk population with a high background
rate of events requires a smaller potential sample size, which minimizes the number of
participants needed to recruit and follow. This population also tends to have more extensive
contact with health care systems, leading to improved recruitment, and may have a
particularly vested interest in cardiovascular prevention strategies, which may enhance
adherence. Ethically, a high-risk population minimizes the number of participants placed at
risk in a randomized trial, and with declines in problem drinking behavior with older age,
tends to reduce potential harms from alcohol while maximizing potential benefits. From a
clinical and public health perspective, these individuals are also the most likely to benefit if
the primary or secondary hypotheses of MACH15 are confirmed, for they stand to benefit
the most from any given decrease in RR and would, therefore, have the most favorable risk—
benefit ratio for alcohol consumption.

At the same time, results from a global, diverse, high-risk population are apt to be
generalizable to a wide variety of lower-risk populations in terms of RR reduction, even if
any absolute risk reduction is necessarily smaller. To accomplish this enhanced
generalizability, we formed a team of highly experienced clinical trials researchers to
establish clinical, data, and biospecimen coordinating centers. Our field centers included
some of the most experienced clinical trial researchers of the world.

The question of whether to include congestive heart failure in the primary outcome is
important, although it was designated an AE of special interest — and, hence, monitored and
ascertained actively. Alcohol intake at 80 g or more over periods of at least 20 years can
result in alcoholic cardiomyopathy,’2 but risk at lower doses is far less clear. Indeed, the
only randomized trial to test the longitudinal effect of alcohol on left ventricular function
demonstrated improved ejection fraction and myocardial performance in diabetic adults with
a recent M1 assigned to drink red wine.”3 The substantial variability in diagnostic testing for
heart failure across sites, particularly relative to ischemic events, further led the trial
investigators to treat congestive heart failure as its own event.

There are no definitively recognized benefits of alcohol consumption on any specific health
condition. At the same time, alcohol is widely used in social situations and specific rites and
rituals, and is consumed by approximately half of the world’s adults. That it has never been
tested in a long-term clinical trial reflects profound scientific inertia or non-scientific factors
that so commonly surround the topic of alcohol. To address this profound deficit in the
world’s understanding of this ubiquitous macronutrient, this trial would be the first to test
the potential risks and benefits of daily alcohol consumption relative to abstention on risk of
CVD, diabetes, mortality, and several other outcomes. The initial recruitment rate
demonstrates that such a study is achievable and the overall organization of MACH15 and its
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approval by ethical review boards and safety monitoring boards in countries across four
continents testifies to the feasibility and timeliness of MACH15.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

MACH15 organizational structure during the vanguard phase.

MACH15: Moderate Alcohol and Cardiovascular Health Trial; NIAAA: National Institute
on Alcohol Abuse and Alcoholism; DSMB: Data and Safety Monitoring Board; JC: Julius
Clinical, Zeist, Netherlands; WF: Wake Forest University School of Medicine, Winston-
Salem, NC, USA; HSPH: Harvard TH Chan School of Public Health, Boston, MA, USA.
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Figure 2.
Participant contact. PI: local site primary investigator.

*Qccurs only if participant is non-adherent or unresponsive.
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Site 1: Site 2: Site 3: Site 4:
Johns Hopkins ProHealth Wake Forest School of Center for Bioethics and Julius Clinical, Zeist,
Clinical Research Center, Medicine, Wake Forest, Research, Nigeria Netherlands
Baltimore, MD, USA NC, USA
¥ ¥ ¥ [ ]
Total Pre-screening: Pre-screening: Pre-screening: Pre-screening:
(n=751) (n = 1686) (n = 285) (n=250) (n=50)
¥ ¥ { ¥ 3
Total Consented and screened: Consented and screened: Consented and screened: Consented and screened:
(n = 390) (n=153) (n=150) (n=77) (n=10)
¥ 7 I ¥ ¥
Total Screen failures: Screen failures: Screen failures: Screen failures:
(n=279) (n=121) (n=128) (n=24) (n=8)
) ¥ ¥ ¥ ¥
Total . " - .
(n=175) In process” (n=20) In process® (n=11) In process” (n=42) In process® (n=2)
[ ] L] [ ] ] [ ]
[nthgls} Eligitde (n=12) Eligible (n=11) Eligible (n= 11} Eligible (n=2)
¥ [ ] ] [ ]
Randomized (n=12) Randomized: (n=10) Randomized: (n=9) Randomized: (n=1)
Start date: Start date: Start date: Start date:
Total randomized
fio participants: <3
{n=32}
L] L 4
Alcohol (~11=15 g/day): Abstention:
(n=15) (n=17)
Figure 3.

Flowchart illustrating recruitment rates.
*In process refers to participants who were in the process of eligibility assessment, e.g.

awaiting blood sample analysis or participating in the washout or run-in period.
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