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Supplementary Methods

Systematic Review Protocol

Title: Systematic review and meta-analysis of heavy drinking and ischaemic heart
disease

Protocol Information
Dates
All searches were conducted in week 4 of March 2014.

Stage
Review completed in April 2014.
Current stage: Meta-analysis completed.

Collaborators
None.

Review Methods

Review questions
What is the relative risk for ischaemic heart disease among heavy drinkers?

Context

Specific risk of chronic heavy drinking for ischaemic heart disease (IHD) in comparison
to lifetime abstainers has not been systematically examined before and it is currently
unclear whether chronic heavy drinking has a protective, neutral, or detrimental
association with IHD.

Population studies often miss many chronic heavy drinkers in order to maximize follow-
up or because of other sampling issues [1]. Inadvertently, these samples mostly contain
more favorable drinking behavior, such as low and regular alcohol consumption within a
certain stratum of the socioeconomic continuum in high income countries. However, as
is increasingly evident in middle income countries, this is not the drinking pattern
observed globally [2]. Among participants missed in typical cohort studies is a sub-
group of chronic heavy drinkers, namely people with alcohol use disorders (AUD), who
drink on average considerably more than our threshold for heavy drinking [3 4].

Condition or domain
Ischaemic heart disease (morbidity or mortality).

Primary outcomes
Incidence of IHD events.

Secondary outcomes
Fatal and non-fatal IHD events.

Intervention/exposure



Chronic heavy drinking is the exposure of interest.

Comparators/controls
Standardized mortality rates compared to the general population or measure of relative
risk in comparison to abstainers (current or lifetime).

Types of studies to be included initially
Observational studies (historical or prospective cohort and case-control studies).

Literature searches

Using PRISMA and MOOSE guidelines [5 6], we conducted two systematic searches
using electronic databases from their inception (clinical samples) or 1980 (population
samples) to fourth week of March 2014 for original articles, excluding letters, editorials,
conference abstracts, reviews, and comments for variations of search terms for the
exposure (alcohol consumption), outcome (IHD), and study design. Additionally, we
hand searched references of identified papers and relevant reviews and meta-analyses.

Participants/population

Inclusion criteria: Adults (=15 years) from population samples or clinical samples
(patients with AUD in treatment), IHD was analyzed as a separate outcome (ICD-9:
410-414, ICD-10: 120-25), a measure of risk and its corresponding measure of variability
was reported (or sufficient data to calculate these), and English-, German-, or Spanish-
language.

Exclusion criteria: Adolescents (<15 years), population samples from people with IHD-
related conditions. We excluded self-reported IHD outcomes, as well as studies
reporting estimates on cardiovascular outcomes combined rather than IHD separately
and studies with precursors as outcome.

Further inclusion criteria for population studies:

Case-control or prospective or historical cohort study design, exposure measurement
had to cover a reference period of more than 2 weeks for average alcohol consumption
at baseline.

Further inclusion criteria for clinical studies:

Prospective or historical cohort study design, mortality risk for diagnosed participants
currently in AUD treatment (in- or out-patient, this includes DSM-IIl and 1V *alcohol
abuse and dependence’ and International Classification of Diseases [ICD-9 and 10]
‘harmful use’ or ‘non-dependent alcohol abuse’ and ‘alcohol dependence’) compared
with the general population.

Searches

Population samples

Databases searched: MEDLINE, EMBASE, Web of Science (Science Citation Index
Expanded, Social Sciences Citation Index, Arts & Humanities Citation Index), and
ETOH (Alcohol and Alcohol Problems Science Database, National Institute on Alcohol
Abuse and Alcoholism, January 1980-December 2003).

Search strategy in Medline (through OVID):



1 human/

2 (comment or editorial or letter or meta-analysis or review).pt.

3 1not2

4 (alcohol drinking or alcoholic beverages or heavy drinking occasion* or heavy episodic drinking or
binge drinking or alcoholic intoxication or problem drinking or hangover* or irregular drinking or
drinking pattern or inebriation).mp.

5 exp drinking behavior/ or exp alcohol drinking/ or exp binge drinking/

6 4or5

7 (myocardial ischemia or myocardial infarction or myocardial infarct$ or coronary disease or heart

diseases or coronary artery disease or coronary heart disease or angina or cardiac death$ or ischaemic
heart disease or ischemic heart disease or cardiac event$ or coronary event$).mp.

8 exp myocardial ischemia/ or exp coronary artery disease/

9 7o0r8

10 | exp Case-Control Studies/

11 | exp cohort studies/ or exp follow-up studies/ or exp longitudinal studies/ or exp prospective studies/ or
exp retrospective studies/

12 | exp risk/

13 | 10or1lor12

14 | 3and 6 and 9 and 13

15 | limit 14 to yr="1980 - 2014"

Clinical samples

Databases searched: MEDLINE, EMBASE, Web of Science (Science Citation Index
Expanded, Social Sciences Citation Index, Arts & Humanities Citation Index), and
ETOH (Alcohol and Alcohol Problems Science Database, National Institute on Alcohol
Abuse and Alcoholism, January 1980—-December 2003).

Search strategy in Medline (through OVID):

(alcohol dependence or alcohol abuse).mp.

exp Alcoholism/

exp Mortality, Premature/ or exp Mortality/

cohort studies.mp. or exp Cohort Studies/

lor2

OO WIN|F-

3and4and 5

URL to search strategy
None.

Data extraction

From all relevant articles we extracted authors’ names, year of publication, country,
calendar year(s) of baseline examination, follow-up period, setting, assessment of IHD
and alcohol consumption or AUD diagnosis, mean and range of age at baseline, sex,
number of observed IHD cases or deaths among participants by drinking group, number
of total participants by drinking group, adjustment for potential confounders, and RR and
its standard error. We used the most adjusted RR reported, and gave priority to
estimates comparing heavy drinking to lifetime abstainers were abstracted by one
reviewer. Full-text articles with uncertain eligibility were discussed by both authors until
consensus was reached. To control for subjectivity, 10 papers were randomly selected
and extracted by another author. No changes in abstraction were recorded. Primary



authors were not contacted by the authors in case there was not enough information
presented in the article.

Risk of bias

Most quality scores are tailored for meta-analyses of randomized trials of interventions
[7-10] and many criteria do not apply to epidemiological studies like the ones examined
here. Also, their use in meta-analyses remains controversial [10 11]. Thus, quality
assessment was incorporated differently by including quality components such as study
design and alcohol measurement into the inclusion and exclusion criteria (please see
also Data abstraction and Supplementary Table 1 for details). Quality checklists
therefore would not have been able to distinguish the quality of selected studies in our
analysis.

Strategy for data synthesis

Standardized mortality ratios (i.e. comparisons of mortality risks of patients in AUD
treatment with the sex- and age-specific general population; see [12]), hazard ratios,
odds ratios, and relative risks were treated as equivalent measures of risk. Analyses
were stratified by sex where possible. If necessary, relative risks within studies were re-
calculated based on the method described by Hamling et al. [13] and pooled across
studies using inverse-variance weighted DerSimonian-Laird random-effect models to
allow for between-study heterogeneity [14]. We quantified between-study heterogeneity
using Cochran’s Q [15] and the I? statistic [16]. I? can be interpreted as the proportion of
the total variation other than chance that is due to heterogeneity between studies. We
tested for potential publication bias using Egger’s test [17]. Sensitivity analyses for the
influence of single studies on the pooled relative risks were conducted omitting one
study at a time and re-estimating the pooled relative risk. No change in conclusions was
observed. All meta-analytical procedures were conducted on the natural log scale in
Stata statistical software, version 12.1 (Stata Corp, College Station, Texas), and p<0-05
(two-sided) was considered statistically significant.

Analysis of subgroups or subsets

Subgroup analyses were completed for different classification of alcohol exposure
(chronic heavy drinking based on average alcohol consumption and AUD patients in
treatment), and for incidence, mortality, morbidity, and adjustment for confounders.
Meta-regression was conducted to identify study characteristics (study design) that
might influence the association between heavy drinking and IHD in all subgroups
considered when more than 10 studies were available.

Type of review
Prognostic.

Language
English, Spanish, German.

Country
Canada.



Dissemination plans
Publication in peer-review journal.

Keywords
Heavy drinking, alcohol use disorder, heart disease, incidence, mortality, systematic
review, meta-analysis

Details of any existing review of the same topic by the same authors
None.

Review status
Completed, but not published.



Supplementary Figure 1. Search Results for Population Studies on Chronic Heavy
Alcohol Consumption and Ischaemic Heart Disease Risk

Articles identified:
MEDLINE (n=1294)
EMBASE (n=661)

Web of Science (n=1258)

Handsearch (n=2)

v
Unigue articles (n=2769)

Excluded based on title or abstract with minimal
uncertainty (n=2306)

- — Articles excluded (n=449):
Articles retrieved in full-text (n=463) L

Not case-control or cohort study design (n=21)

No data for alcohol intake (n=198)

Articles for quantitative analysis:

IHD is not the outcome or self-reported (n=64)
Chronic heavy drinking (n=24)

No data on chronic heavy drinking (n=135)
Lifetime abstainers are reference (n=11)

Estimates not age-adjusted (n=1)
Current abstainers are reference (n=13)

Reference group is not lifetime abstainers (n=19)

No deaths recorded (n=1)




Supplementary Figure 2. Search Results for Patients with Alcohol Use Disorder (AUD,
Clinical Samples) and Ischaemic Heart Diseases Mortality

Articles identified in search:
MEDLINE (n=385)
EMBASE (n=225)

Web of Science (n=1123)

Handsearch (n=6)

Excluded based on title or abstract with minimal
uncertainty (n=1392)

Unique articles (n=1608)

A 4
Articles retrieved in full-text (n=216) L

Articles excluded (n=206):

Exposure not AUD (n=32)

v
Articles for quantitative analysis (n=10)

Not cohort study design (n=16)

No control group (n=36)

Not age-adjusted (n=5)

Duplicate reports on the same study population (n=15)
No cause-specific mortality (n=88)

Not currently in AUD treatment (n=>5)

General population is not control group (n=2)

[HD not reported (n=7)




Supplementary Figure 3. Funnel Plot for Ischaemic Heart Disease Incidence among
Chronic Heavy Drinkers with Lifetime Abstainers as the Reference Group
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Supplementary Figure 4. Funnel Plot for Ischaemic Heart Disease Incidence among
Chronic Heavy Drinkers with Current Abstainers as the Reference Group
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Supplementary Table 1. Characteristics of 34 Studies for Ischaemic Heart Disease Risk in Chronic Heavy Drinkers,

1967-2012
Sex,
Age No. of heavy
at Location, drinkers (IHD
basel  baseline events/ total IHD Heavy drinking  Reference
Source ine period Setting participants) assessment definition category Adjustment
Population samples
Lifetime abstainers are the reference group
Dyer et al., M, 40- US, Chicago Western 12/78  Mortality, ischaemic =77 g/day average Lifetime Age (participants free of
1981[18] 55 1957-74 Electric Company heart disease (not ~ (based on total abstainers definite ischaemic heart
Study defined) intake per month) disease)
Kaufman et M, 30- US, Hospital-based, North 209/299  Morbidity, first M 267 g/day average  Lifetime Age ( no history of Ml or
al., 1985[19] 55 1980-83 eastern US (78 (WHO criteria) (based on typical abstainers angina pectoris among
hospitals) frequency and controls)
amount)
Jackson et M, 25-  New Zealand, Auckland 33/68 Incidence (fatal and ~ >81 g/day (based Lifetime Age, smoking, hypertension,
al, 1991[20] 64 1986 non-fatal events on typical frequency  abstainers social class, exercise, recent
mortality and and amount last 3 (12 months) change in
morbidity were months) drinking
reported
separately),
MONICA criteria
Isoetal., M, 40-  Japan, Ikawa, Honjo and 43439 Incidence (fatal + 270 g/day average Lifetime Age, hypertension, serum
1995[21] 69 1975-87 Kyowa non-fatal events), (based on usual abstainers total cholesterol, smoking,
WHO criteria for weekly intake) diabetes (history of
ischaemic heart ischaemic heart disease or
disease (definite or stroke were excluded)
suspected M,
angina pectoris,
sudden death)
McElduff & M, 35-  Australia, New South Wales 89/103 Incidence (fatal + =90 g/day typical Lifetime Age, smoking, BP,
Dobson 69 1983 (MONICA) non-fatal events), amount per drinking  abstainers cholesterol, angina, stroke,
1997[22] definite MI, possible  day on 5-6 days per MI, diabetes
MI, or coronary week or daily
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Rehmetal.,
1997[23]

Kitamura et
al., 1998[24]

Klatsky et al.,
2003[25]

Romelsjo et
al., 2003[26]

Inoue et al.,
2012[27]

Bergmann et
al., 2013 28]

M, 40-
75

M, 40-
59

M, W,
18+

M, 45-
70

M, 35-
101

M, 25-
70

us,
1971-87

Japan,
1975-93

us,
1978-98

Sweden,
1992-94

Japan,
1988-2006

Europe (23
centres in 10

NHANES |

Osaka

Kaiser Permanente,
California

Stockholm Heart
Epidemiology
Program (SHEEP)

Pooled analysis of 6
large cohort studies in
Japan

EPIC

15/61

6/580

882 /2004

81/153

228/12 393

302/20 228

death

Incidence (fatal +
non-fatal events),
ICD-9: 410-414
based on death
certificate or
hospital discharge
diagnosis
Incidence (fatal +
non-fatal events)
based on death
certificates,
absenteeism
reports, insurance
claims, and annual
risk factor surveys;
for all cases medical
records were
reviewed),
ischaemic heart
disease (WHO
criteria)

Mortality, ICD-9:
410-414 from death
certificates
Incidence (fatal +
non-fatal events),
morbidity was
reported separately,
(all first MI, based
on death certificate,
autopsy findings, or
medical records)
Mortality based on
death certificates,
ICD-10: 120-25

Mortality (record
linkage with death

272 g/day (based
on typical frequency
and amount)

=69 g/day (based
on usual weekly
intake)

26 drinks daily
(FFQ)

=70 g/day average
(based on
frequency in
previous year and
typical amount)

=69 g/day average
(based on
frequency and
amount)

>60 g/day (based
on amount per week

Lifetime
abstainers

Lifetime
abstainers

Lifetime
abstainers

Lifetime
abstainers

Lifetime
abstainers

Lifetime
abstainers

Age

Age, serum total cholesterol,
smoking, BMI, left ventricular
hypertrophy, history of
diabetes

Age, race, BMI, education,
marital status, smoking, IHD
symptoms at baseline

Age, hospital, marital status,
SES, smoking, physical
activity,
cardioatheriosclerotic
disease, job strain, social
anchorage, life control

Age, area, smoking, BMI,
hypertension, diabetes,
leisure time physical activity

Stratified by age and centre;
adjusted for BMI, height,
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Current abstainers are the reference group

Friedman &
Kimball
1986[29]

Shaper et al.,
1987[30]

Boffetta et al.,
1990[31]

Renaud et al.,
1998 [32]

Maskarinec et
al., 1998[33]

Gunetal.,
2006[34]

M, 30-
59

M, 40-
59

M, 40-
59

M, 40-
60

M, W,
30+

M, not
reporte
d

countries),
1992-2000

us,
1948-72

UK,
1978-85

us,
1959-72

France,
1978-1993

us,
1975-94

Australia,
1980-2001

Framingham Heart
Study, Massachusetts

British Regional Heart
study

CPS I

Health examination at
the Centre de
Medicine Preventive
de Nancy
Multiethnic cohort
study, Hawaii

Health Watch
(Petroleum-industry
workers)

15/138

22/631

551/7698

86/9385

12/308

30/12262

and municipality
registries), ICD-10:
120-25

Mortality, ischaemic
heart disease (not
defined)

Incidence (fatal +
non-fatal events),
ICD-9: 410-414,
based on death
certificates, non-
fatal MI: 2 of 3
criteria (severe
prolonged chest
pain, changes
detectable by ECG
or enzyme changes)
Mortality (based on
death certificates),
ICD-7: 420-422
Mortality (based on
death information
from physicians)
ICD-9: 410-414
Mortality (based on
mortality files), ICD-
9:410-414

Mortality (based on
death register),
ischaemic heart
disease (death
records provided by

during the previous
12 months or in
lifetime)

=67 g/day average
(based on total
intake per month)
>70 g/day daily or
on most days

=6 drinks/day (FFQ)

277 g/day (based
on daily
consumption)

243 drinks per week
(based on usual
amount and
frequency)

=7 drinks per day
(based on typical
frequency and
amount)

Current
abstainer

Current
abstainer

Current
abstainer

Current

abstainer

Current
abstainer

Current
abstainer

waist circumference, intake
of fruits, vegetables, red
meat, and meat products,
dietary fibre, physical
activity, education, and
smoking

Age (all participants free of
ischaemic heart disease at
baseline)

Age, smoking years, social
class(participants free of
ischaemic heart disease at
baseline)

Age, smoking

Age, education, smoking,
serum total cholesterol,
systolic blood pressure, BMI

Age, ethnicity, smoking, BMI,
education,

Age, calendar year, smoking
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Bazzano et
al., 2009[35]

Sull et al.,
2009]36]

Oliveira et al.,
2009[37]

Ruidavets et
al., 2010
(Northern
Ireland)[38]

Ruidavets et
al., 2010
(France)[38]

M, 40+

M, 55+

M, 18+

M, 50-

59

M, 50-
59

China,
1991-2000

South Korea,
1985-2005

Portugal,
1999-2003

Northern
Ireland,
1991-2004

France,
1991-2004

China National
Hypertension Survey
Epidemiology Follow-

up Study

Kangwha Cohort
Study

Cardiology
Department of 4
hospitals, Porto

Prospective

Epidemiological Study

of Myocardial
Infarction (PRIME)

Prospective

Epidemiological Study

of Myocardial
Infarction (PRIME)

52/6389

2/182

186/284

9/240

33/1134

NDI)

Incidence (fatal +
non-fatal events),
mortality reported
separately,
(determined by
endpoint committee
based on medical
records, death
certificates)
Mortality (based on
death certificate),
ICD-10: 120-125

Morbidity, first AMI
patients who
survived four days
after diagnosis

Incidence (fatal +
non-fatal events),
defined as coronary
death and non-fatal
MI (established by
medical committee
based on detailed
clinical information
from hospital or
GPs)

Incidence (fatal +
non-fatal events),
defined as coronary
death and non-fatal
MI (established by
medical committee
based on detailed
clinical information
from hospital or
GPs)

263 g/day (based
on number of drinks
per month)

=72 glday daily
(based on
frequency per year
and typical amount)
=60 g/day (FFQ)

=75 glday average
(based on usual
weekly total intake)

=75 glday average
(based on usual
weekly total intake)

Current
abstainer

Current
abstainer

Current
abstainer

Current
abstainer

Current
abstainer

Age, BMI, BP, physical
activity, smoking, diabetes,
education, urban vs rural,
living in North China (history
of IHD excluded)

Age, history of chronic
disease, smoking, BMI, BP,
education

Age, education, family
history of MI, waist-to-hip
ratio, smoking, total energy
intake, leisure time physical
activity

Restricted age range,
previous IHD (medically
diagnosed or Rose
questionnaire) excluded

Restricted age range,
previous IHD (medically
diagnosed or Rose
questionnaire) excluded
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Hvidtfeldt et M, W, North Pooled analysis of 8
al., 2010[39]  30-80  America and cohort studies
Europe,
1974-1996
Yang et al., M, 40-  China, Nationwide cohort
2012[40] 79 1990-2005 study
Romelsjd et M, 18-  Sweden, Swedish conscripts
al, 2012[41] 20 1969-2004

AUD treatment patients (clinical samples)

Sundby 1967 M, 15+  Norway, Ulleval Hospital,
(42] 1925-62 Psychiatric

Department, Oslo
Schmidt & de W, M, Canada, Clinic of the Addiction
Lint1972[43] 15+ 1951-1964 Research Foundation,

Toronto

105/2972

123/20 586

12/6002

97/1716

258/6478

Incidence (fatal +
non-fatal events),
ischaemic heart
disease (standard
criteria met in all
individual studies)

Mortality (based on
death certificate),
ICD-9: 410-414

Incidence (fatal +
non-fatal events)
mortality (based on
National Death
Register and
National Swedish
inpatient register), ,
ICD-9: 410 (MI)

National Central
Bureau of Statistics
comparison to Oslo
mortality statistics,
ICD-7: ischaemic
heart disease
Death records in
Ontario, other
provinces, and
some foreign
countries, ICD-7:
420 ischaemic heart
disease (253
cases), 422
myocardial
degeneration (5
cases)

=60 g/day (FFQ)

=60 g/day (based
on typical weekly
intake)

>60 g/day (based
on frequency and
amount)

Diagnosis of
alcoholism

All patients with
physical
examination at entry
for alcoholism
treatment at
specialized clinic

Current
abstainer

Current
abstainer

Current
abstainer

General
population

Ontario general
population

Age, year of baseline,
smoking, BMI, education,
physical activity, energy
intake, polysaturated fat,
monosaturated fat, saturated
fat, fiber, cholesterol intake,
study origin (participants free
of CVD, diabetes, cancers)
Age, geographical
area(participants with prior
diseases at baseline were
excluded)

Smoking, father (blue collar
worker), divorced parents,
runaway from home,
truancy, low emotional
control, low social maturity,
IQ, health status, BMI

Age- and sex-standardized

Age- and sex-standardized



Adelstein & W, M, UK, 4 London Mental 137/2070 ICD-8: 410-414 Inpatient treatment General Age- and sex-
White1976 15+ 1953, 1974 Hospitals, Mental for alcoholism population standardization
[44] Health Enquiry
Thorarinsson M, 15+  Iceland, National Psychiatric 125/2863 Death certificate, First admission to General Age-standardized
1979 [45] 1951-1974 Register underlying cause, in- or out-patient population

ICD-7: 420 institution
Polich et al., M, 18+ US, 8 of 44 NIAAA 24/755 Underlying cause, Admission to General Age-, sex-, and race-
1981 [46] 1973-17 Alcoholism Treatment ICDA-8: 410-414 specialized program  population standardized

Centers for alcoholism

Lindberg & W, M, Sweden, Magnus Huss Clinic, 126/4543 National Central First admission for General Age-and sex-standardized
Agren 1988 15+ 1969-1983 Karolinska Hospital Bureau of Statistics, ~ alcoholism to population
[47] underlying cause, specialized clinic

ICD-8: 410-414
Denison et M, 20+  Sweden, University Psychiatric 25/1049 Death certificate, Inpatients for General Age, calendar year, and
al., 1997 [48] 1986-1991 Clinic, Lillhagen underlying cause, detoxification, DSM-  population length of follow-up

Hospital, Goeteborg ICD-9: 410-414 II-R criteria for
alcohol dependence
Noda et al., M, 21-  Japan, Allin or out-patient 4/306 Death certificate, Diagnosis of alcohol ~ General Age- and time period
2001 [49] 7 1972-92 treatment facilities, underlying cause, dependence/psycho  population standardization
Takatsuki City ICD-9: 410-414 sis
Haver et al., W, 18+  Sweden, Early Treatment for 10/420 Swedish Causes of  First admission for General Matched on year of birth,
2009 [50] 1981-2007 Women with Alcohol Death Register, alcohol treatment population marital status, SES,
Addiction (EWA) Unit, ICD-8, ICD-9, and (second sample education
Karolinska Hospital ICD-10: ischaemic 96% met DSM-III-R
heart disease criteria for alcohol
dependence)

Saievaetal, W, M, Italy, Alcohol Centre 30/2272 Regional Mortality Physician diagnosis ~ General Age- and sex-standardized
2012 [51] 16-94  1985-2006 treatment Register, ICD-9: alcohol dependence  population

410-414 (ICD-9)

Abbreviations: AMI, acute myocardial infarction; AUD, Alcohol use disorder; BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease; DSM,

Diagnostic and Statistical Manual of Mental Disorders; ICD, International Classification of Diseases; EPIC, European Prospective Investigation into Cancer and

Nutrition; FFQ, food frequency questionnaire; ICDA, International Classification of Diseases, Adapted for Use in the United States ; IHD, ischaemic heart disease;
M, men only; MI, myocardial infarction; MONICA, Monitoring Trends and Determinants in Cardiovascular Disease; NHANES, National Health and Nutrition

Examination Survey; PRIME, Prospective Epidemiological Study of Myocardial Infarction; SES, socio-economic status; SHEEP, Stockholm Heart Epidemiology

Program; W, women only; WHO, World Health organization. ICD codes were included were reported.

a Estimated.
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