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Position paper

The Moderate Alcohol and
Cardiovascular Health Trial (MACH15):
Design and methods for a randomized
trial of moderate alcohol consumption
and cardiometabolic risk

Donna Spiegelman1, Laura C Lovato2,*, Polyna Khudyakov1,*,
Trine LWilkens3, Clement A Adebamowo4,
Sally N Adebamowo4, Lawrence J Appel5, Joline WJ Beulens6,7,
Janelle W Coughlin5, Lars Ove Dragsted3, Howard J Edenberg8,
Jane N Eriksen3, Ramon Estruch9,10, Diederick E Grobbee11,
Pablo E Gulayin12, Vilma Irazola12, John H Krystal13,
Mariana Lazo5, Margaret M Murray14, Eric B Rimm1,15,
Ilse C Schrieks11, Jeff D Williamson2 and Kenneth J Mukamal16

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.
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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.
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Introduction

Despite the well-understood adverse effects of excessive
alcohol use,1 no consensus exists about the risks and
benefits of moderate alcohol use on cardiovascular dis-
ease (CVD), cancer, or overall health. A lower risk of
coronary heart disease (CHD) and myocardial infarc-
tion (MI) among moderate drinkers compared to
abstainers has been reported in over 100 observational
studies.2,3 In addition, numerous short-term random-
ized controlled trials have shown beneficial effects on a
range of biomarkers that could explain these associa-
tions.4 However, studies of genetic polymorphisms that

influence alcohol consumption and metabolism have
yielded inconsistent results.5–8 Moderate alcohol con-
sumption has also been associated with a lower risk of
total mortality and type II diabetes,9–11 but uncertainty
about the size and dose–response curves of these asso-
ciations 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 con-
sumption 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 sub-
stantial synergy appears to exist between alcohol
intake, cigarette smoking, and genetic susceptibility.14

Although heavy drinking can cause a direct cardiomy-
opathy,15 the association of lighter alcohol consump-
tion with heart failure is positive in some analyses3 but
inverse in others.16 Even moderate alcohol consump-
tion may increase risk of injury17 and, in some cases,
perhaps lead to subsequent alcohol abuse.1,18 In addi-
tion, 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 dif-
ferent geographic regions.21,22 Given the widespread
prevalence of alcohol consumption, this uncertainty is
untenable and provides the rationale for a long-term,
international, multicenter randomized trial of moder-
ate 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 observation-
al evidence for dose and beverage type, previous clini-
cal 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.clin
icaltrials.gov as NCT03169530 and in the supplemen-
tary 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 recommenda-
tions.25 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 accom-
panying protocol.

The Foundation for the National Institutes of
Health (FNIH) supported the trial financially and
managed contact between public and private organiza-
tions on behalf of NIH. The funds provided by FNIH
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for this project were contributed to FNIH by the brew-
ing and distilling industries following contract negotia-
tions 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 investi-
gators about any aspect of the study after their com-
mitment of funding, and they agreed to receive no data
or 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 anal-
yses as described in the protocol.

Trial organization

The organizational structure of MACH15 is presented
in Figure 1. It consisted of several integrated coordi-
nating 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 con-
tinents initiated trial approval locally. The vanguard
sites were: WFUHS, 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

MACH15 was a two-arm, balanced-design, random-
ized 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 strat-
ified by clinical site and, after completing a two-week
washout period, randomly assigned to either one stan-
dard 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 max-

imize 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 demo-

graphic characteristics representative of the community

surrounding each of the clinical sites. Due to the inter-

national nature of the trial, clinic-specific enrollment

targets were determined based upon the demographics

of each clinical site.

Eligibility, 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, recruit-

ment strategies targeted both existing populations

within the clinical practice sphere of the individual

field centers and free-living individuals from outside

these practice settings. Recruitment used specific com-

munity resources to promote recruitment of women

and minority or under-served populations to ensure

adequate representation. Recruitment strategies dif-

fered 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 com-

pleted the two-week abstinence period were then sched-

uled 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

Spiegelman et al. 1969
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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 con-
sider 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 partici-
pants. 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 alcohol-

ism. These criteria were essentially identical to those

used in a pilot study that preceded this trial.27

An important consideration with which trial inves-

tigators 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.

Intervention

Dose

Although maximum caps on drinking in national

guidelines differ substantially, the NIAAA currently

recommends limits of 14 drinks per week for men

Data 
Management 
Center (WF) 

US Clinical 
Coordinating 
Center (WF)  

Statistical 
Center 
(HSPH) 

International 
Clinical

Coordinating
Center (JC) 

Biospecimen 
Repository 

(HSPH) 

NIAAA HHS/NIH 
MACH15* 
Steering 

Committee  

External 
Advisory Board 

Executive 
Committee  

Administrative Core
(BIDMC) Committee

Advisory Board

DSMB 

Subcommittees 

• Design & Analysis 
• Intervention & Adherence 
• Recruitment & Retention 
• Measurements, Procedures & Quality Control 
• Outcomes 
• Safety 
• Clinical Sites Operations 
• Ancillary Studies 
• Publications & Presentations 

International 
Clinical Sites 

US Clinical Sites 

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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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 recom-
mended limits by authorities in all participating coun-
tries, including the US NIAAA and the US
Department of Agriculture Dietary Guidelines.29

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.30,31 The
effect of alcohol on high-density lipoprotein cholesterol
(HDL-C), a marker used in MACH15 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.30,34 In contrast, insufficient
evidence exists on the potential health effects of other
components of alcoholic beverages33,35 (i.e. polyphe-
nols) to restrict the trial to a single beverage. By allow-
ing 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 mor-

tality, even once-weekly consumption could have phys-

iological 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 dex-

terity 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

Table 1. MACH15 inclusion criteria.

To be eligible for the MACH15 trial, a women must meet all of the following criteria and a man must meet criteria 1, 3, and 4

1. �50 years old at screening

2. Postmenopausal, defined as 12 consecutive months without menstruation

3. Not alcohol naı̈ve, defined by having consumed at least one drink of alcohol in the past five years

4. High risk for the occurrence of a new cardiovascular disease event (one of the following):

a) American Heart Association (AHA)/American College of Cardiology Risk Score �15% within the past 24 months (among

those without clinical or subclinical cardiovascular disease (CVD))

b) Clinical CVD (more than six months prior to randomization), defined by:

1) Previous myocardial infarction, percutaneous coronary intervention, coronary artery bypass grafting, carotid endar-

terectomy, carotid stenting;

2) Peripheral artery disease with revascularization;

3) Acute coronary syndrome with or without resting electrocardiogram (ECG) change, ECG changes on a graded

exercise test, or positive cardiac imaging study;

4) Prior stroke documented on brain imaging or with a persistent deficit.

c) Subclinical CVD, confirmed in available medical records:

1) At least a 50% diameter stenosis of a coronary, carotid, or lower extremity artery;

2) Coronary artery calcium score �400 Agatston units;

3) Ankle brachial index �0.90;

4) Left ventricular hypertrophy by ECG (based on computer reading), echocardiogram report, or other cardiac imaging

procedure report;

5) Abdominal aortic aneurysm �5 cm with or without repair.

d) Age �75 years

Spiegelman et al. 1971
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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 provid-
ing reimbursement for or distribution of alcohol. For
compensation, a limit was set to 75% of the monthly
cost of the most commonly consumed alcoholic bever-
age in the region (e.g. Bud LightVR 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 distribu-
tion of or reimbursement for alcohol required partici-
pants’ adherence to the protocol and frequent

engagement with trial staff, providing additional pro-

tection 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.

Adherence

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 sup-

plemented by random, individualized, automated par-

ticipant 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 dem-

onstrated adherence and complete engagement. The

Table 2. MACH15 exclusion criteria.

An individual who has any of the following criteria will be excluded from participation in MACH15

1. High alcohol consumption, defined by any one of the following:

a) Alcohol Use Disorders Identification Test score >5 at screening;

b) drinking, on average, >7 alcoholic beverages/week during the past six months;

c) drinking six or more alcoholic beverages on one occasion during the past six months.

2. Yale–Brown Obsessive Compulsive Scale-heavy drinking total score of �6 on questions 7, 8, and 10

3. Within the six months prior to randomization, cardiovascular disease event (myocardial infarction, revascularization proce-

dure, or stroke)

4. AHA Class III-IV heart failure

5. History of alcohol or substance abuse (medical record confirmed or self-reported history)

6. Other intolerance or allergy to alcohol

7. Dual antiplatelet therapy

8. History of gastric bypass surgery

9. Any serious chronic liver disease (e.g. active hepatitis B and C infections) or liver tests (aspartate aminotransferase, alanine

aminotransferase, and gamma-glutamyl transpeptidase) >2 times the upper limit of the normal range using local standards

10. Personal history of any colon or liver cancer

11. Any other cancer with a life expectancy of less than three years

12. Diagnosed with breast cancer that required either surgery or removal of breast tissue or chemotherapy

13. Mother or sister ever diagnosed with breast cancer that required either surgery or removal of breast tissue or chemotherapy

14. Estimated glomerular filtration rate <30 ml/min/1.73m2 or end-stage renal disease

15. Ongoing use of any medication for which alcohol consumption is contraindicated

16. A Patient Health Questionnaire �15 at screening or a positive response on question 9 dealing with suicidal ideation

17. History of any organ transplant

18. Unintentional weight loss >10% in last six months

19. Currently participating in another cardiovascular outcome intervention trial

20. Not willing or able to provide a name and contact information for at least one additional contact person other than self

21. Diagnosis of dementia

22. Investigator discretion regarding appropriateness of participation or concern about intervention adherence. Examples include:

moderate–severe psychiatric illness, behavioral concerns regarding likelihood of low adherence to trial protocol, a medical

condition likely to limit survival to less than three years, or an advanced chronic disease, such as cognitive impairment

without a dementia diagnosis or any condition that requires 24-hour care

23. Not willing or able to provide a signed and dated informed consent form

24. Unable to successfully complete the washout period

25. Not willing or able to comply with all trial procedures
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automated contacts prompted participants to provide
information on the amount and type of alcohol con-
sumed in the prior 24 hours. Given varied levels of
familiarity and comfort with electronic communica-
tion, 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 unan-
swered or if adherence decayed, field center staff initi-
ated 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 form36 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 devel-
oping problem drinking.

The baseline visit included formal counseling and
motivational interviewing methods that have been
used successfully in other clinical trials.38 At each sub-
sequent in-person clinic visit and telephone call, key
concepts in adherence were reiterated.39,40

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 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 discus-
sions 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,41,42

such as urine biomarkers and hair samples, were to

be collected on a site-specific basis in a sample of par-

ticipants to document compliance.

Hypotheses and outcomes

The primary hypothesis of the trial was that one stan-

dard serving of alcohol consumption daily would

reduce the risk of CVD incidence and mortality, com-

pared to abstention from alcohol in the targeted age

group. This hypothesis was to be tested using a com-

posite primary outcome that included time to first

occurrence of non-fatal MI, non-fatal ischemic

stroke, hospitalized angina, coronary/carotid revascu-

larization, or total mortality.

Table 3. Models for the distribution of the alcohol intervention.

Intervention Description Site

Post-pay

reimbursement

Participants reimbursed for alcohol purchases up to the

pre-determined monthly amount. Payments occurred at

regular intervals, contingent upon the submission of

itemized, dated receipts that account for equal to or

greater than the reimbursement amount.

Julius Clinical, The Netherlands

WFUHS, Wake Forest, NC, USA

Gift/debit card Participants provided with a reusable gift card for a local

store that provides alcohol. The gift card received peri-

odic installments of study funds, allowing the participant

to make purchases of amounts up to the cost defined for

that time period.

Institute for Clinical Effectiveness

and Health Policy, Argentina

Store account The study will establish participant accounts with local

alcohol providers, whereby participant purchases were

billed directly to the study, given set monthly spending

restrictions.

Johns Hopkins ProHealth Clinical

Research Center, Baltimore, MD, USA

Order via

study staff

Participant placed an order every 1–3 months with a

member of the clinical site staff, who arranges the store’s

provision of these items via store pick-up or delivery and

payment.

Hospital Clinic de Barcelona, Spain

University of Copenhagen, Denmark

Julius Clinical, The Netherlands

Center for Bioethics and Research, Nigeria

Contact from clinical
site staff or PI for

individual
counseling*

In-person or phone
contact from site

Automated contact

Figure 2. Participant contact. PI: local site primary investigator.
*Occurs only if participant is non-adherent or unresponsive.
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In addition, two secondary hypotheses were pre-
specified: (a) one standard serving of alcohol daily
reduces the rate of incident diabetes compared to absten-
tion from alcohol among participants free of diabetes at
enrollment; and (b) one standard serving of alcohol con-
sumption daily reduces the rate of CVD or CVD mor-
tality 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 con-
sumption daily reduces the rate of non-fatal MI, non-
fatal ischemic stroke, or cardiovascular death, com-
pared 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 MI, non-fatal ischemic stroke, hos-
pitalized 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 end-
point 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.43

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 meas-

ures, followed by the collection of medical records. The

medical records included information about hospitali-

zation admission and history, laboratory results, elec-

trocardiogram, results of imaging techniques, and/or

reports of revascularization or surgery procedures, col-

lected 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, def-

initions for outcomes, and operational rules based on

other recent cardiovascular trials, such as SPRINT44

and LIFE,45 and updated them as necessary. Clinical

site staff used available registries and contact informa-

tion 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 pri-

orities in clinical trials, including this one. The quality

assurance activities to be conducted included: (a) the

development and dissemination of manuals and uni-

form procedures to ensure data integrity; and (b)

risk-based monitoring and analytic activities that

assessed performance during data collection and proc-

essing. 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 MIs, two

Table 4. Triggers for adherence counseling.

Intervention arm Women Men Action

Daily alcohol

Low adherence (<85%) No alcohol >1 day in 7 days of

contact OR consumption of >1

alcoholic beverage >1 day in 7

days of contact

No alcohol >1 day in 7 days of

contact OR consumption of >1

alcoholic beverage >1 day in 7

days of contact

Adherence

counseling

Excessive alcohol

consumption

>10 drinks in 7 days of contact >14 drinks in 7 in days of contact Intensive alcohol

counseling

Abstention

Low adherence (<100%) Any alcohol consumption beyond or

not in accordance with vouchers

Any alcohol consumption beyond or

not in accordance with vouchers

Adherence

counseling

Excessive alcohol

consumption

>10 drinks in 7 days of contact >14 drinks in 7 days of contact Intensive alcohol

counseling
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hospitalizations for angina, two strokes, one revascu-
larization, one death) at each clinical site were validat-
ed with the full agreement of the Outcomes
Subcommittee, then local classification and adjudica-
tion would no longer require full central review.
Otherwise, central adjudication was to occur until clin-
ical sites consistently achieved full agreement with cen-
tral classification and adjudication. In either case, an
annual 10% random quality control sample of out-
comes was to be reviewed and validated centrally by
the Outcomes Subcommittee.

MACH15 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 plat-
forms were used for periodic refresher trainings. The
first central training session was conducted in October
2017, prior to the start of recruitment, for clinic inves-
tigators and staff. Each clinical site staff member was
also required to complete a data handling training pro-
gram 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 signif-
icance of any difference observed in the distribution of
time from randomization until occurrence of the pri-
mary endpoint, using censored survival data analysis
methods for clustered data (i.e. in households). All ran-
domized 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 associ-
ated confidence intervals, would be calculated in each
arm, and the log-rank test for clustered data,46–48 strat-
ified by clinical site, would assess the statistical signif-
icance of any differences observed. Hazard ratios and
95% confidence intervals would be calculated using
Cox regression for clustered data,49–51 adjusted for
clinical site. Log–log plots of survival and effect mod-
ification by time since randomization were to be
assessed to evaluate the proportional hazards assump-
tion. 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 ter-
tiary 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 ran-
domization was to be evaluated by comparing the base-
line characteristics of participants in the treatment
groups, and then to re-assess treatment effects in sec-
ondary analysis after adjusting for the risk factors asso-
ciated 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 analyses52 by using instrumental
variables methods,53,54 by potential outcomes
approaches,55 by comparing the compliance estimates,
and by computing log-rank tests weighted by time-
varying probability of adherence.56 The
“contamination-adjusted intention-to-treat” approach
uses instrumental variable analysis to adjust for non-
adherence in a two-stage approach. The potential out-
comes 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 weight-
ed by time-varying probability of adherence involves
modeling the probability of non-adherence given avail-
able 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 assess-
ing 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 70þ years), sex, HDL-C,
and baseline CVD risk (tertiles of each), geographic
region, and prevalent diabetes at enrollment. No a
priori effect modifiers were hypothesized, and the
study was not specifically powered to detect any.

Sample size calculations involved: extensive explora-
tions over a range of primary endpoint definitions and
baseline rates; baseline adherence rates and improve-
ments 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 SPRINT,44 increased slightly because,
unlike SPRINT, MACH15 included diabetic
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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,57 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 guaran-
tee 80% power: an intraclass correlation coef-
ficient¼ 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 conserva-
tively 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.2 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.44

To determine that minimal annual adherence rates
were achieved to ensure adequate power, an early com-
parison of HDL-C, known to be a useful marker at the
group level,58 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 t-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.58

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 RR59 and interpolating RRs for �15 gm/d
(i.e. the dose used in MACH15 if the strongest alcohol-
ic 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 pro-

cess: 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 approv-

al was a prerequisite at all sites. Safety was designed to

be thoroughly monitored throughout a participant’s

interaction with the MACH15 trial from the screening

process through the end of trial follow-up. Both serious

and non-serious adverse events (AEs) were to be docu-

mented 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 consump-

tion were of special interest.60 Participants were specif-

ically 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 med-

ical 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 hemorrhag-

ic stroke requiring hospitalization. In addition, inves-

tigators reported increases in liver tests to >2 times the

upper limit of normal, alcohol use disorder, and unex-

pected events for which the clinician believed that par-

ticipation caused or contributed to the event.
The Safety Subcommittee was established to review

trial data related to the overall safety of trial participa-

tion, address IRB/EC issues related to participant

safety that may arise, review clinical practice-related

issues, and oversee the clinical safety of all trial partic-

ipants. 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 con-

sistency 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
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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 aggre-
gate participant demographics, recruitment goals,
screening yield, and others were available on the web-
site 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 recom-
mendations specified by the National Institute of
Standards and Technology61 and met European data
protection regulations.62

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 inter-
fere with the main MACH15 trial objectives. As of
April 2018, seven ancillary studies had been proposed

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 remain-
ing approval numbers are available from the supple-
mentary material. All participants provided written
informed consent. Recruitment of participants for

MACH15 was initiated in February 2018 at four van-
guard 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 screen-
ing 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 anoth-
er 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 relation-
ship, 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 alco-
hol–CVD relationship between 15 and 30 g daily, little
evidence suggested that doses above �15 g would pro-
vide greater cardiovascular benefit. Therefore, partici-
pants 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 dif-
ferences, both in direct effects on biomarkers and on
risk of chronic disease. Moreover, clinical practice and
national guidelines do not differentiate among bever-
ages 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 beverages30,63; and the only
parallel-arm trial that used an artificial beverage con-
taining grain ethanol demonstrated poor adherence
over six months.27 Therefore, participants were not
restricted in the type of commercially available alcohol-
ic beverage they chose to consume in MACH15 but
only in the amount of alcohol consumed. This flexibil-
ity in beverage choice should also increase generaliz-
ability 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
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men and women64 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.65

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.66 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 asso-

ciated 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 disease68 or infection with hep-

atitis viruses.69 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.70 In

addition, alcohol may also impair sleep quality.71

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

Site 1: Site 2: Site 3: Site 4:
Johns Hopkins ProHealth
Clinical Research Center,

Baltimore, MD, USA

Total
(n = 751)

Pre-screening:
(n = 166)

Consented and screened:
(n = 153)

Screen failures:
(n = 121)

In process* (n = 20) In process* (n = 11) In process* (n = 42) In process* (n = 2)

Randomized (n = 12)
Start date:

Randomized: (n = 10)
Start date:

Randomized: (n = 9)
Start date:

Total randomized
participants:

(n = 32)

Alcohol (~11–15 g/day):
(n = 15)

Abstention:
(n = 17)

Randomized: (n = 1)
Start date:

Eligible (n = 11)Eligible (n = 12) Eligible (n = 11) Eligible (n = 2)

Screen failures:
(n = 128)

Screen failures:
(n = 24)

Screen failures:
(n = 6)

Consented and screened:
(n = 150)

Consented and screened:
(n = 77)

Consented and screened:
(n = 10)

Pre-screening:
(n = 285)

Pre-screening:
(n = 250)

Pre-screening:
(n = 50)

Total
(n = 390)

Total
(n = 279)

Total
(n = 75)

Total
(n = 36)

Wake Forest School of
Medicine, Wake Forest,

NC, USA

Center for Bioethics and
Research, Nigeria

Julius Clinical, Zeist,
Netherlands

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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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 con-
ducted. Given that reality, suggestions that breast
cancer should be a primary outcome appear ill-
advised. Instead, to maximize safety, MACH15 specif-
ically excluded volunteers with a family history of can-
cers that could be affected by alcohol, resulting in an
effective margin of safety in the range of 10–100 can-
cers. Nonetheless, cancers recorded as AEs in
MACH15 would provide the best available evidence
for estimation of cancer risk at moderate levels of alco-
hol 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 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 popula-
tions, ethical, practical, and clinical considerations sug-
gest 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, there-
fore, 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 neces-
sarily smaller. To accomplish this enhanced

generalizability, we formed a team of highly experi-
enced 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,72 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 MI assigned to drink red wine.73 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 alco-
hol consumption on any specific health condition. At
the same time, alcohol is widely used in social situa-
tions 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 understand-
ing 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 out-
comes. The initial recruitment rate demonstrates that
such a study is achievable and the overall organization
of MACH15 and its approval by ethical review boards
and safety monitoring boards in countries across four
continents testifies to the feasibility and timeliness of
MACH15.
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