
Article https://doi.org/10.1038/s41467-024-47632-7

A burden of proof study on alcohol
consumption and ischemic heart disease

Sinclair Carr 1 , Dana Bryazka1, Susan A. McLaughlin1, Peng Zheng1,2,
Sarasvati Bahadursingh3, Aleksandr Y. Aravkin1,2,4, Simon I. Hay 1,2,
Hilary R. Lawlor1, Erin C. Mullany1, Christopher J. L. Murray 1,2,
Sneha I. Nicholson1, Jürgen Rehm5,6,7,8,9,10,11,12, Gregory A. Roth1,2,13,
Reed J. D. Sorensen1, Sarah Lewington3 & Emmanuela Gakidou 1,2

Cohort and case-control data have suggested an association between low to
moderate alcohol consumption and decreased risk of ischemic heart disease
(IHD), yet results from Mendelian randomization (MR) studies designed to
reduce bias have shown either no or a harmful association. Here we conducted
an updated systematic review and re-evaluated existing cohort, case-control,
andMR data using the burden of proof meta-analytical framework. Cohort and
case-control data show low to moderate alcohol consumption is associated
with decreased IHD risk – specifically, intake is inversely related to IHD and
myocardial infarction morbidity in both sexes and IHD mortality in males –
while pooled MR data show no association, confirming that self-reported ver-
sus genetically predicted alcohol use data yield conflicting findings about the
alcohol-IHD relationship. Our results highlight the need to advance MR meth-
odologies and emulate randomized trials using large observational databases
to obtain more definitive answers to this critical public health question.

It is well known that alcohol consumption increases the risk of mor-
bidity and mortality due to many health conditions1,2, with even low
levels of consumption increasing the risk for some cancers3,4. In con-
trast, a large body of research has suggested that low to moderate
alcohol intake – compared to no consumption – is associated with a
decreased risk of ischemic heart disease (IHD). This has led to sub-
stantial epidemiologic and public health interest in the alcohol-IHD
relationship5, particularly given the high prevalence of alcohol
consumption6 and the global burden of IHD7.

Extensive evidence from experimental studies that vary short-
term alcohol exposure suggests that average levels of alcohol intake
positively affect biomarkers such as apolipoprotein A1, adiponectin,
and fibrinogen levels that lower the risk of IHD8. In contrast, heavy
episodic drinking (HED) may have an adverse effect on IHD by
affecting blood lipids, promoting coagulation and thus thrombosis
risk, and increasing blood pressure9. With effects likely to vary mate-
rially by patterns of drinking, alcohol consumption must be con-
sidered a multidimensional factor impacting IHD outcomes.
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A recent meta-analysis of the alcohol-IHD relationship using
individual participant data from 83 observational studies4 found,
among current drinkers, that – relative to drinking less than 50 g/week
– any consumption above this level was associated with a lower risk of
myocardial infarction (MI) incidence and consumption between >50
and <100 g/week was associated with lower risk of MI mortality. When
evaluating other subtypes of IHD excluding MI, the researchers found
that consumption between >100 and <250g/week was associated with
a decreased risk of IHD incidence, whereas consumption greater than
350g/week was associated with an increased risk of IHD mortality.
Roerecke and Rehm further observed that low to moderate drinking
was not associated with reduced IHD risk when accompanied by
occasional HED10.

The cohort studies and case-control studies (hereafter referred to as
‘conventional observational studies’) used in these meta-analyses are
known to be subject to various types of bias when used to estimate
causal relationships11. First, neglecting to separate lifetime abstainers
from former drinkers, some of whom may have quit due to developing
preclinical symptoms (sometimes labeled ‘sick quitters’12,13), and to
account for drinkers who reduce their intake as a result of such symp-
toms may introduce reverse causation bias13. That is, the risk of IHD in,
for example, individuals with low tomoderate alcohol consumptionmay
be lower when compared to IHD risk in sick quitters, not necessarily
because intake at this level causes a reduction in risk but because sick
quitters are at higher risk of IHD. Second, estimates can be biased
because of measurement error in alcohol exposure resulting from inac-
curate reporting, random fluctuation in consumption over time (random
error), or intentional misreporting of consumption due, for example, to
social desirability effects14 (systematic error). Third, residual confounding
may bias estimates if confounders of the alcohol-IHD relationship, such
as diet or physical activity, have not beenmeasured accurately (e.g., only
via a self-report questionnaire) or accounted for. Fourth, because alcohol
intake is a time-varying exposure, time-varying confounding affected by
prior exposure must be accounted for15. To date, only one study that
used amarginal structuralmodel to appropriately adjust for time-varying
confounding found no association between alcohol consumption andMI
risk16. Lastly, if exposure to a risk factor, such as alcohol consumption, did
not happen at random – even if all known confounders of the relation-
ship between alcohol and IHD were perfectly measured and accounted
for – the potential for unmeasured confounders persists and may bias
estimates11.

In recent years, the analytic method of Mendelian randomization
(MR) has been widely adopted to quantify the causal effects of risk
factors on health outcomes17–19. MR uses single nucleotide poly-
morphisms (SNPs) as instrumental variables (IVs) for the exposure of
interest. A valid IV should fulfill the following three assumptions:
itmust be associatedwith the risk factor (relevance assumption); there
must be no common causes of the IV and the outcome (independence
assumption); and the IV must affect the outcome only through
the exposure (exclusion restriction or ‘no horizontal pleiotropy’
assumption)20,21. If all three assumptions are fulfilled, estimates derived
from MR are presumed to represent causal effects22. Several MR stu-
dies have quantified the association between alcohol consumption and
cardiovascular disease23, including IHD, using genes known to impact
alcoholmetabolism (e.g., ADH1B/C andALDH224) or SNP combinations
from genome-wide association studies25. In contrast to the inverse
associations found in conventional observational studies, MR studies
have found either no association or a harmful relationship between
alcohol consumption and IHD26–31.

To advance the knowledge base underlying our understanding of
this major health issue – critical given the worldwide ubiquity of
alcohol use and of IHD – there is a need to systematically review and
critically re-evaluate all available evidence on the relationship between
alcohol consumption and IHD risk from both conventional observa-
tional and MR studies.

The burden of proof approach, developed by Zheng et al.32, is a
six-stepmeta-analysis framework that provides conservative estimates
and interpretations of risk-outcome relationships. The approach sys-
tematically tests and adjusts for common sources of bias defined
according to the Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) criteria: representativeness of the
study population, exposure assessment, outcome ascertainment,
reverse causation, control for confounding, and selection bias. The key
statistical tool to implement the approach isMR-BRT (meta-regression
—Bayesian, regularized, trimmed33), a flexible meta-regression tool
that does not impose a log-linear relationship between the risk and
outcome, but instead uses a spline ensemble to model non-linear
relationships.MR-BRT also algorithmically detects and trimsoutliers in
the input data, takes into account different reference and alternative
exposure intervals in the data, and incorporates unexplained between-
study heterogeneity in the uncertainty surrounding the mean relative
risk (RR) curve (henceforth ‘risk curve’). For those risk-outcome rela-
tionships that meet the condition of statistical significance using
conventionally estimated uncertainty intervals (i.e., without incor-
porating unexplained between-study heterogeneity), the burden of
proof risk function (BPRF) is derived by calculating the 5th (if harmful)
or 95th (if protective) quantile risk curve – inclusive of between-study
heterogeneity – closest to the log RR of 0. The resulting BPRF is a
conservative interpretation of the risk-outcome relationship based on
all available evidence. The BPRF represents the smallest level of excess
risk for a harmful risk factor or reduced risk for a protective risk factor
that is consistent with the data, accounting for between-study het-
erogeneity. To quantify the strength of the evidence for the alcohol-
IHD relationship, the BPRF can be summarized in a single metric, the
risk-outcome score (ROS). The ROS is defined as the signed value of
the average log RR of the BPRF across the 15th to 85th percentiles of
alcohol consumption levels observed across available studies. The
larger a positive ROS value, the stronger the alcohol-IHD association.
For ease of interpretation, the ROS is converted into a star rating from
one to five. A one-star rating (ROS <0) indicates a weak alcohol-IHD
relationship, and a five-star rating (ROS >0.62) indicates a large effect
size and strong evidence. Publication and reporting bias are evaluated
with Egger’s regression and by visual inspection with funnel plots34.
Further conceptual and technical details of the burden of proof
approach are described in detail elsewhere32.

Using the burden of proof approach, we systematically re-
evaluate all available eligible evidence from cohort, case-control, and
MR studies published between 1970 and 2021 to conservatively
quantify thedose-response relationshipbetween alcohol consumption
and IHD risk, calculated relative to risk at zero alcohol intake (i.e.,
current non-drinking, including lifetime abstinence or former use).We
pool the evidence from all conventional observational studies com-
bined, as well as individually for all three study designs, to estimate
mean IHD risk curves. Based on patterns of results established by
previous meta-analyses4,35, we also use data from conventional obser-
vational studies to estimate risk curves by IHD endpoint (morbidity
or mortality) and further by sex, in addition to estimating risk curves
for MI overall and by endpoint. We follow PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines36 through all stages of this study (Supplementary Informa-
tion section 1, Fig. S1 and Tables S1 and S2) and comply with GATHER
(Guidelines on Accurate and Transparent Health Estimates Reporting)
recommendations37 (Supplementary Information section 2, Table S3).
The main findings and research implications of this work are sum-
marized in Table 1.

Results
We updated the systematic review on the dose-response relationship
between alcohol consumption and IHD previously conducted for the
Global Burden of Diseases, Injuries, and Risk Factors Study (GBD)
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20201. Of 4826 records identified in our updated systematic review
(4769 from databases/registers and 57 by citation search and known
literature), 11 were eligible based on our inclusion criteria and were
included. In total, combinedwith the results of the previous systematic
reviews1,38, information from 95 cohort studies26,27,29,39–130, 27 case-
control studies131–157, and five MR studies26–29,31 was included in our
meta-analysis (see Supplementary Information section 1, Fig. S1, for the
PRISMA diagram). Details on the extracted effect sizes, the design of
each included study, underlying data sources, number of participants,
duration of follow-up, number of cases and controls, and bias covari-
ates that were evaluated and potentially adjusted for can be found in
the Supplementary Information Sections 4, 5, and 6.

Table 2 summarizes key metrics of each risk curve modeled,
including estimates ofmeanRRand95%UI (inclusive of between-study
heterogeneity) at select alcohol exposure levels, the exposure level
and RR and 95% UI at the nadir (i.e., lowest RR), the 85th percentile of
exposure observed in the data and its corresponding RR and 95% UI,
the BPRF averaged at the 15th and 85th percentile of exposure, the
average excess risk or risk reduction according to the exposure-
averaged BPRF, the ROS, the associated star rating, the potential pre-
sence of publication or reporting bias, and the number of studies
included.

We found large variation in the association between alcohol
consumption and IHD by study design. When we pooled the results of
cohort and case-control studies, we observed an inverse association
between alcohol at average consumption levels and IHD risk; that is,
drinking average levels of alcohol was associated with a reduced IHD
risk relative to drinking no alcohol. In contrast, we did not find a sta-
tistically significant association between alcohol consumption and IHD
risk when pooling results from MR studies. When we subset the con-
ventional observational studies to those reporting on IHDby endpoint,
we found no association between alcohol consumption and IHD
morbidity or mortality due to large unexplained heterogeneity
between studies. When we further subset those studies that reported
effect size estimates by sex, we found that average alcohol consump-
tion levels were inversely associated with IHD morbidity in males and
in females, and with IHD mortality in males but not in females. When
we analyzed only the studies that reported onMI, we found significant
inverse associations between average consumption levels and MI

overall and with MI morbidity. Visualizations of the risk curves for
morbidity andmortality of IHD andMI are provided in Supplementary
Information Section 9 (Figs. S2a–c, S3a–c, and S4a–c). Among all
modeled risk curves for which a BPRF was calculated, the ROS ranged
from −0.40 for MI mortality to 0.20 for MI morbidity. In the Supple-
mentary Information, we also provide details on the RR and 95% UIs
with and without between-study heterogeneity associated with each
10 g/day increase in consumption for each risk curve (Table S10), the
parameter specifications of the model (Tables S11 and S12), and each
risk curve from the main analysis estimated without trimming 10% of
the data (Fig. S5a–l and Table S13).

Risk curve derived from conventional observational study data
The mean risk curve and 95% UI were first estimated by combining all
evidence from eligible cohort and case-control studies that quantified
the association between alcohol consumption and IHD risk. In total,
information from 95 cohort studies and 27 case-control studies com-
bining data from 7,059,652 participants were included. In total,
243,357 IHD events were recorded. Thirty-seven studies quantified the
association between alcohol consumption and IHD morbidity only,
and 44 studies evaluated only IHD mortality. The estimated alcohol-
IHD association was adjusted for sex and age in all but one study.
Seventy-five studies adjusted the effect sizes for sex, age, smoking, and
at least four other covariates. We adjusted our risk curve for whether
the study sample was under or over 50 years of age, whether the study
outcome was consistent with the definition of IHD (according to the
International Classification of Diseases [ICD]−9: 410-414; and ICD-10:
I20-I25) or related to specified subtypes of IHD, whether the outcome
was ascertained by self-report only or by at least one other measure-
ment method, whether the study accounted for risk for reverse cau-
sation, whether the reference group was non-drinkers (including
lifetime abstainers and former drinkers), andwhether effect sizes were
adjusted (1) for sex, age, smoking, and at least four other variables, (2)
for apolipoprotein A1, and (3) for cholesterol, as these bias covariates
were identified as significant by our algorithm.

Pooling all data from cohort and case-control studies, we found
that alcohol consumption was inversely associated with IHD risk
(Fig. 1). The risk curve was J-shaped – without crossing the null RR of 1
at high exposure levels – with a nadir of 0.69 (95% UI: 0.48–1.01) at

Table 1 | Research summary

Background Different study designs have yielded conflicting evidence about whether low to moderate levels of alcohol consumption are asso-
ciatedwith increasedor decreased risk of ischemic heart disease (IHD), a leading causeof ill health anddeathworldwide. Results from
cohort and case-control studies predominantly show that average consumption is associated with decreased IHD risk, although
findings vary by sex, disease endpoint (morbidity versus mortality), and engagement in heavy episodic drinking (HED). Conversely,
Mendelian randomization (MR) studies relying on genetic variants that predict alcohol use typically find no association or harmful
relationship between alcohol and IHD.

Main findings and limitations Cautious re-evaluation using the burden of proof meta-analytic methods – systematically applied to capture potential non-log-linear
relationships, control for known sources of bias, and incorporate explained and unexplained between-study heterogeneity to gen-
erate conservative estimates of risk-outcome associations – yielded estimates of the alcohol-IHD relationship that varied by study
design, consistent with previous findings. Data pooled from cohort and case-control studies showed a weak association between
average levels of alcohol consumption (up to ~50 g/day) and reduced IHD risk relative to no alcohol intake,while datapooled fromMR
studies showedno association betweengenetically predicted alcohol consumption and IHD risk. A primary limitation of the analysis is
that itwasnot possible, due to insufficient data, todifferentiate the estimatedalcohol-IHDrelationshipbyalcohol use subtype – that is,
by average consumption characterized by frequency and quantity, by HED, or by beverage type – and to then compare subtype-
specific relationships across study designs.

Implications Using a conservative approach to consider all evidence from cohort, case-control, and MR studies, we confirmed conflicting esti-
mates of the relationship between alcohol use and IHD derived from self-reports of intake levels versus genetically predicted alcohol
use. The discrepantfindingsare likely driven bybiases and limitations inherent in the different studydesigns and highlight the need to
advance methodologies to obtain more definitive answers to this critical public health question. The rapidly evolving field of MR
makes it possible to apply new, sophisticatedMR techniques tomitigate the effects of bias in investigations of this relationship. Long-
term randomized trials can be emulated using large observational databases, avoiding some of the limitations common to con-
ventional observational studies. NewMR and trial emulation approaches should be considered as ways forward tomore conclusively
answer pressing questions about the potential effects of alcohol consumption on IHD.
It is anticipated that the present synthesis of evidence from cohort, case-control, and MR studies assessing the dose-response
relationshipbetween alcohol intake and IHD riskwill be incorporated in upcoming iterations of theGlobal Burdenof Diseases, Injuries,
and Risk Factors Study (GBD).
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23 g/day. This means that compared to individuals who do not drink
alcohol, the risk of IHD significantly decreases with increasing con-
sumption up to 23 g/day, followed by a risk reduction that becomes
less pronounced. The averageBPRF calculated between0 and 45 g/day
of alcohol intake (the 15th and 85th percentiles of the exposure range
observed in the data) was 0.96. Thus, when between-study hetero-
geneity is accounted for, a conservative interpretation of the evidence
suggests drinking alcohol across the average intake range is associated
with an average decrease in the risk of IHD of at least 4% compared to
drinking no alcohol. This corresponds to a ROS of 0.04 and a star
rating of two, which suggests that the association – on the basis of the
available evidence – is weak. Although we algorithmically identified
and trimmed 10% of the data to remove outliers, Egger’s regression
and visual inspection of the funnel plot still indicated potential pub-
lication or reporting bias.

Risk curve derived from case-control study data
Next, we estimated themean risk curve and 95%UI for the relationship
between alcohol consumption and IHD by subsetting the data to case-
control studies only. We included a total of 27 case-control studies
(including one nested case-control study) with data from 60,914 par-
ticipants involving 16,892 IHD cases from Europe (n = 15), North
America (n = 6), Asia (n = 4), and Oceania (n = 2). Effect sizes were
adjusted for sex and age in most studies (n = 25). Seventeen of these
studies further adjusted for smoking and at least four other covariates.
The majority of case-control studies accounted for the risk of reverse
causation (n = 25). We did not adjust our risk curve for bias covariates,
as our algorithm did not identify any as significant.

Evaluating only data from case-control studies, we observed a
J-shaped relationship between alcohol consumption and IHD risk, with
a nadir of 0.65 (0.50–0.85) at 23 g/day (Fig. 2). The inverse association
between alcohol consumption and IHD risk reversed at an intake level
of 61 g/day. In other words, alcohol consumption between >0 and
60g/day was associated with a lower risk compared to no consump-
tion, while consumption at higher levels was associated with increased
IHD risk. However, the curve above this level is flat, implying that the
association between alcohol and increased IHD risk is the same
between 61 and 100 g/day, relative to not drinking any alcohol. The
BPRF averaged across the exposure range between the 15th and 85th
percentiles, or 0–45 g/day, was 0.87, which translates to a 13% average
reduction in IHD risk across the average range of consumption. This
corresponds to a ROS of 0.14 and a three-star rating. After trimming
10% of the data, no potential publication or reporting bias was found.

Risk curve derived from cohort study data
We also estimated the mean risk curve and 95% UI for the relationship
between alcohol consumption and IHD using only data from cohort
studies. In total, 95 cohort studies – of which one was a retrospective
cohort study – with data from 6,998,738 participants were included.
Overall, 226,465 IHD events were recorded. Most data were from
Europe (n = 43) and North America (n = 33), while a small number of
studies were conducted in Asia (n = 14), Oceania (n = 3), and South
America (n = 2). The majority of studies adjusted effect sizes for sex
and age (n = 76). Fifty-seven of these studies also adjusted for smoking
and at least four other covariates.Out of all cohort studies included, 88
accounted for the risk of reverse causation.We adjusted our risk curve
for whether the study outcome was consistent with the definition of
IHD or related to specified subtypes of IHD, and whether effect sizes
were adjusted for apolipoprotein A1, as these bias covariates were
identified as significant by our algorithm.

When only data from cohort studies were evaluated, we found a
J-shaped relationship between alcohol consumption and IHD risk that
did not cross the null RR of 1 at high exposure levels, with a nadir of
0.69 (0.47–1.01) at 23 g/day (Fig. 3). The shape of the risk curve was
almost identical to the curve estimated with all conventional

observational studies (i.e., cohort and case-control studies combined).
When we calculated the average BPRF of 0.95 between the 15th and
85th percentiles of observed alcohol exposure (0–50g/day), we found
that alcohol consumption across the average intake range was asso-
ciated with an average reduction in IHD risk of at least 5%. This cor-
responds to aROSof0.05 and a two-star rating.We identifiedpotential
publication or reporting bias after 10% of the data were trimmed.

Risk curve derived from Mendelian randomization study data
Lastly, we pooled evidence on the relationship between genetically
predicted alcohol consumption and IHD risk fromMRstudies. FourMR
studieswere considered eligible for inclusion in ourmain analysis, with
data from 559,708 participants from China (n = 2), the Republic of
Korea (n = 1), and the United Kingdom (n = 1). Overall, 22,134 IHD
events were recorded. Three studies used the rs671 ALDH2 genotype
found in Asian populations, one study additionally used the rs1229984
ADH1B variant, and one study used the rs1229984 ADH1B Arg47His
variant and a combination of 25 SNPs as IVs. All studies used the two-
stage least squares (2SLS)method to estimate the association, and one
study additionally applied the inverse-variance-weighted (IVW)
method and multivariable MR (MVMR). For the study that used mul-
tiple methods to estimate effect sizes, we used the 2SLS estimates for
ourmain analysis. Further details on the included studies are provided
in Supplementary Information section 4 (Table S6). Due to limited
input data, we elected not to trim 10%of the observations.We adjusted
our risk curve for whether the endpoint of the study outcome was
mortality and whether the associations were adjusted for sex and/or
age, as these bias covariates were identified as significant by our
algorithm.

We did not find any significant association between genetically
predicted alcohol consumption and IHD risk using data from MR stu-
dies (Fig. 4). No potential publication or reporting bias was detected.

As sensitivity analyses, we modeled risk curves with effect sizes
estimated from data generated by Lankester et al.28 using IVW and
MVMR methods. We also used effect sizes from Biddinger et al.31,
obtained using non-linear MR with the residual method, instead of
those from Lankester et al.28 in our main model (both were estimated
with UK Biobank data) to estimate a risk curve. Again, we did not find a
significant association between genetically predicted alcohol con-
sumption and IHD risk (see Supplementary Information Section 10,
Fig. S6a–c andTableS14). To test for consistencywith the risk curvewe
estimated using all included cohort studies, we also pooled the con-
ventionally estimated effect sizes provided in the four MR studies. We
did not observe an association between alcohol consumption and IHD
risk due to large unexplained heterogeneity between studies (see
Supplementary Information Section 10, Fig. S7, and Table S14). Lastly,
we pooled cohort studies that included data from China, the Republic
of Korea, and the United Kingdom to account for potential geographic
influences. Again, we did not find a significant association between
alcohol consumption and IHD risk (see Supplementary Information
Section 10, Fig. S8, and Table S14).

Discussion
Conventional observational and MR studies published to date provide
conflicting estimates of the relationshipbetween alcohol consumption
and IHD. We conducted an updated systematic review and con-
servatively re-evaluated existing evidence on the alcohol-IHD rela-
tionship using the burdenofproof approach.We synthesized evidence
from cohort and case-control studies combined and separately and
from MR studies to assess the dose-response relationship between
alcohol consumption and IHD risk and to compare results across dif-
ferent study designs. It is anticipated that the present synthesis of
evidence will be incorporated into upcoming iterations of GBD.

Our estimate of the association between genetically predicted
alcohol consumption and IHD runs counter to our estimates from the
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self-report data and those of other previous meta-analyses4,35,158 that
pooled conventional observational studies. Based on the conservative
burden of proof interpretation of the data, our results suggested an
inverse association between alcohol and IHD when all conventional
observational studies were pooled (alcohol intake was associated with
a reduction in IHD risk by an average of at least 4% across average
consumption levels; two-star rating). In evaluating only cohort studies,
we again found an inverse association between alcohol consumption
and IHD (alcohol intake was associated with a reduction in IHD risk by
an average of at least 5% at average consumption levels; two-star rat-
ing). In contrast, when we pooled only case-control studies, we esti-
mated that average levels of alcohol consumption were associated
with at least a 13% average decrease in IHD risk (three-star rating), but
the inverse association reversed when consumption exceeded 60g/
day, suggesting that alcohol above this level is associated with a slight
increase in IHD risk. Our analysis of the available evidence from MR
studies showed no association between genetically predicted alcohol
consumption and IHD.

Various potential biases and differences in study designs may
have contributed to the conflicting findings. In our introduction, we
summarized important sources of bias in conventional observational
studies of the association between alcohol consumption and IHD. Of
greatest concern are residual and unmeasured confounding and
reverse causation, the effects of which are difficult to eliminate in
conventional observational studies. By using SNPs within an IV
approach to predict exposure, MR – in theory – eliminates these
sources of bias and allows for more robust estimates of causal effects.
Bias may still occur, however, when using MR to estimate the

association between alcohol and IHD159,160. There is always the risk of
horizontal pleiotropy inMR – that is, the genetic variantmay affect the
outcome via pathways other than exposure161. The IV assumption of
exclusion restriction is, for example, violated if only a single mea-
surement of alcohol consumption is used in MR162; because alcohol
consumption varies over the life course, the gene directly impacts IHD
through intake at time points other than that used in the MR analysis.
To date, MR studies have not succeeded in separately capturing the
multidimensional effects of alcohol intake on IHD risk (i.e., effects of
average alcohol consumption measured through frequency-quantity,
in addition to the effects of HED)159 because the genes used to date
only target average alcohol consumption that encompasses intake
both at average consumption levels and HED. In other words, the
instruments used are not able to separate out the individual effects of
these two different dimensions of alcohol consumption on IHD risk
using MR. Moreover, reverse causation may occur through cross-
generational effects160,163, as the same genetic variants predispose both
the individual and at least one of his or her parents to (increased)
alcohol consumption. In this situation, IHD risk could be associated
with the parents’ genetically predicted alcohol consumption and not
with the individual’s own consumption. None of the MR studies
included accounted for cross-generational effects, which possibly
introduced bias in the effect estimates. It is important to note that bias
by ancestry might also occur in conventional observational studies164.
In summary, estimates of the alcohol-IHD association are prone to bias
in all three study designs, limiting inferences of causation.

The large difference in the number of available MR versus con-
ventional observational studies, the substantially divergent results

Fig. 1 | Relative risk of alcohol consumption on ischemic heart disease, based
ondata fromall conventional observational (cohort and case-control) studies.
The panels show the log(relative risk) function, the relative risk function, and a
modified funnel plot showing the residuals (relative to 0) on the x-axis and the

estimated standard error that includes the reported standard error and between-
study heterogeneity on the y-axis. RR relative risk, UI uncertainty interval. Source
data are provided as a Source Data file.

Fig. 2 | Relative risk of alcohol consumption on ischemic heart disease, based
ondata fromcase-control studies.Thepanels show the log(relative risk) function,
the relative risk function, and amodified funnel plot showing the residuals (relative

to 0) on the x-axis and the estimated standard deviation that includes the reported
standard deviation and between-study heterogeneity on the y-axis. RR relative risk,
UI uncertainty interval. Source data are provided as a Source Data file.
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derived from thedifferent study types, and the rapidly developingfield
of MR clearly argue for further investigation of MR as a means to
quantify the association between alcohol consumption and IHD risk.
Future studies should investigate non-linearity in the relationship
using non-linear MR methods. The residual method, commonly
applied in non-linear MR studies such as Biddinger et al.31, assumes a
constant, linear relationship between the genetic IV and the exposure
in the study population; a strong assumption that may result in biased
estimates and inflated type I error rates if the relationship varies by
population strata165. However, by log-transforming the exposure, the
relationships between the genetic IV and the exposure as expressed on
a logarithmic scale may be more homogeneous across strata, possibly
reducing the bias effect of violating the assumption of a constant,
linear relationship. Alternatively, or in conjunction, the recently
developed doubly ranked method, which obviates the need for this
assumption, could be used166. Since methodology for non-linear MR is
an active field of study167, potential limitations of currently available
methods should be acknowledged and latest guidelines be followed168.
Future MR studies should further (i) employ sensitivity analyses such
as theMRweightedmedianmethod169 to relax the exclusion restriction
assumption that may be violated, as well as applying other methods
such as the MR-Egger intercept test; (ii) use methods such as
g-estimation of structural mean models162 to adequately account for
temporal variation in alcohol consumption in MR, and (iii) attempt to
disaggregate the effects of alcohol on IHD by dimension in MR,
potentially through the use of MVMR164. General recommendations to
overcome common MR limitations are described in greater detail
elsewhere159,163,170,171 and should be carefully considered. With respect
to prospective cohort studies used to assess the alcohol-IHD

relationship, they should, at a minimum: (i) adjust the association
between alcohol consumption and IHD for all potential confounders
identified, for example, using a causal directed acyclic graph, and (ii)
account for reverse causation introduced by sick quitters and by
drinkers who changed their consumption. If possible, they should also
(iii) use alcohol biomarkers as objective measures of alcohol con-
sumption instead of or in addition to self-reported consumption to
reduce bias through measurement error, (iv) investigate the associa-
tion between IHD and HED, in addition to average alcohol consump-
tion, and (v) when multiple measures of alcohol consumption and
potential confounders are available over time, use g-methods to
reduce bias through confounding as fully as possible within the lim-
itations of the study design. However, some bias – due, for instance, to
unmeasured confounding in conventional observational and to hor-
izontal pleiotropy in MR studies – is likely inevitable, and the inter-
pretationof estimates should be appropriately cautious, in accordance
with the methods used in the study.

With the introduction of the Moderate Alcohol and Cardiovas-
cular Health Trial (MACH15)172, randomized controlled trials (RCTs)
have been revisited as a way to study the long-term effects of low to
moderate alcohol consumption on cardiovascular disease, including
IHD. In 2018, soon after the initiation of MACH15, the National
Institutes of Health terminated funding173, reportedly due to con-
cerns about study design and irregularities in the development of
funding opportunities174. Although MACH15 was terminated, its
initiation represented a previously rarely considered step toward
investigating the alcohol-IHD relationship using an RCT175. However,
while the insights from an RCT are likely to be invaluable, the
implementation is fraught with potential issues. Due to the growing

Fig. 3 | Relative risk of alcohol consumption on ischemic heart disease, based
on data from cohort studies. The panels show the log(relative risk) function, the
relative risk function, and a modified funnel plot showing the residuals (relative to

0) on the x-axis and the estimated standard deviation that includes the reported
standard deviation and between-study heterogeneity on the y-axis. RR relative risk,
UI uncertainty interval. Source data are provided as a Source Data file.

Fig. 4 | Relative risk of alcohol consumption on ischemic heart disease, based
ondata fromMendelian randomizationstudies.Thepanels show the log(relative
risk) function, the relative risk function, and a modified funnel plot showing the
residuals (relative to 0) on the x-axis and the estimated standard deviation that

includes the reported standard deviation and between-study heterogeneity on the
y-axis. RR relative risk, UI uncertainty interval. Source data are provided as a Source
Data file.
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number of studies suggesting increased disease risk, including
cancer3,4, associated with alcohol use even at very low levels176, the
use of RCTs to study alcohol consumption is ethically
questionable177. A less charged approach could include the emulation
of target trials178 using existing observational data (e.g., from large-
scale prospective cohort studies such as the UK Biobank179, Athero-
sclerosis Risk in Communities Study180, or the Framingham Heart
Study181) in lieu of real trials to gather evidence on the potential
cardiovascular effects of alcohol. Trials like MACH15 can be emu-
lated, following the proposed trial protocols as closely as the
observational dataset used for the analysis allows. Safety and ethical
concerns, such as those related to eligibility criteria, initiation/
increase in consumption, and limited follow-up duration, will be
eliminated because the data will have already been collected. This
framework allows for hypothetical trials investigating ethically chal-
lenging or even untenable questions, such as the long-term effects of
heavy (episodic) drinking on IHD risk, to be emulated and inferences
to broader populations drawn.

There are several limitations that must be considered when
interpreting our findings. First, record screening for our systematic
review was not conducted in a double-blinded fashion. Second, we
did not have sufficient evidence to estimate and examine potential
differential associations of alcohol consumption with IHD risk by
beverage type or with MI endpoints by sex. Third, despite using
a flexible meta-regression tool that overcame several limitations
common to meta-analyses, the results of our meta-analysis were only
as good as the quality of the studies included. We were able, however,
to address the issue of varying quality of input data by adjusting
for bias covariates that corresponded to core study characteristics
in our analyses. Fourth, because we were only able to include one-
sample MR studies that captured genetically predicted alcohol con-
sumption, statistical power may be lower than would have been
possible with the inclusion of two-sample MR studies, and studies that
directly estimated gene-IHD associations were not considered23.
Finally, we were not able to account for participants’ HED status when
pooling effect size estimates from conventional observational studies.
Given established differences in IHD risk for drinkers with and without
HED35 and the fact that more than one in three drinkers reports HED6,
wewould expect that thedecreased average riskwe found atmoderate
levels of alcohol consumption would be attenuated (i.e., approach the
IHD risk of non-drinkers) if the presence of HED was taken into
account.

Using the burden of proof approach32, we conservatively re-
evaluated the dose-response relationship between alcohol consump-
tion and IHD risk based on existing cohort, case-control, and MR data.
Consistent with previous meta-analyses, we found that alcohol at
average consumption levels was inversely associated with IHD when
we pooled conventional observational studies. This finding was sup-
ported when aggregating: (i) all studies, (ii) only cohort studies, (iii)
only case-control studies, (iv) studies examining IHD morbidity in
females and males, (v) studies examining IHD mortality in males, and
(vi) studies examining MI morbidity. In contrast, we found no asso-
ciation between genetically predicted alcohol consumption and IHD
risk based on data from MR studies. Our confirmation of the conflict-
ing results derived from self-reported versus genetically predicted
alcohol use data highlights the need to advance methodologies that
will provide more definitive answers to this critical public health
question. Given the limitations of randomized trials,we advocate using
advanced MR techniques and emulating target trials using observa-
tional data to generate more conclusive evidence on the long-term
effects of alcohol consumption on IHD risk.

Methods
This study was approved by the University of Washington IRB Com-
mittee (study #9060).

Overview
The burden of proof approach is a six-step framework for conducting
meta-analysis32: (1) data from published studies that quantified the
dose-response relationship between alcohol consumption and
ischemic heart disease (IHD) risk were systematically identified and
obtained; (2) the shapeof themean relative risk (RR) curve (henceforth
‘risk curve’) and associated uncertainty was estimated using a quad-
ratic spline and algorithmic trimming of outliers; (3) the risk curve was
tested and adjusted for biases due to study attributes; (4) unexplained
between-study heterogeneity was quantified, adjusting for within-
study correlation and number of studies included; (5) the evidence for
small-study effects was evaluated to identify potential risks of pub-
lication or reporting bias; and (6) the burden of proof risk function
(BPRF) – a conservative interpretation of the average risk across the
exposure range found in thedata–was estimated relative to IHD risk at
zero alcohol intake. The BPRF was converted to a risk-outcome score
(ROS) that was mapped to a star rating from one to five to provide an
intuitive interpretation of the magnitude and direction of the dose-
response relationship between alcohol consumption and IHD risk.

We calculated themeanRR and 95%uncertainty intervals (UIs) for
IHD associated with levels of alcohol consumption separately with all
evidence available from conventional observational studies and from
Mendelian randomization (MR) studies. For the risk curves that met
the condition of statistical significance when the conventional 95% UI
that does not include unexplained between-study heterogeneity was
evaluated,we calculated theBPRF, ROS, and star rating. Basedon input
data from conventional observational studies, we also estimated these
metrics by study design (cohort studies, case-control studies), and by
IHD endpoint (morbidity, mortality) for both sexes (females, males)
and sex-specific. For sex-stratified analyses, weonly considered studies
that reported effect sizes for both females and males to allow direct
comparison of IHD risk across different exposure levels; however, we
did not collect information about the method each study used to
determine sex.We also estimated risk curves formyocardial infarction
(MI), overall and by endpoint, using data from conventional observa-
tional studies. As a comparison, we also estimated each risk curve
without trimming 10% of the input data. We did not consider MI as an
outcome or disaggregate findings by sex or endpoint for MR studies
due to insufficient data.

With respect to MR studies, several statistical methods are typi-
cally used to estimate the associations between genetically predicted
exposure and health outcomes (e.g., two-stage least squares [2SLS],
inverse-variance-weighted [IVW], multivariable Mendelian randomi-
zation [MVMR]). For our main analysis synthesizing evidence fromMR
studies, we included the reported effect sizes estimated using 2SLS if a
study applied multiple methods because this method was common to
all included studies. In sensitivity analyses, we used the effect sizes
obtained by other MR methods (i.e., IVW, MVMR, and non-linear MR)
and estimated the mean risk curve and uncertainty. We also pooled
conventionally estimated effect sizes from MR studies to allow com-
parison with the risk curve estimated with cohort studies. Due to
limited input data fromMR studies, we elected not to trim 10% of the
observations. Furthermore, we estimated the risk curve from cohort
studies with data from countries that corresponded to those included
inMR studies (China, the Republic of Korea, and the United Kingdom).
Due to a lack of data,wewereunable to estimate a risk curve fromcase-
control studies in these geographic regions.

Conducting the systematic review
In step one of the burden of proof approach, data for the dose-
response relationship between alcohol consumption and IHD riskwere
systematically identified, reviewed, and extracted. We updated a pre-
viously published systematic review1 in PubMed that identified all
studies evaluating the dose-response relationship between alcohol
consumption and risk of IHD morbidity or mortality from January 1,
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1970, to December 31, 2019. In our update, we additionally considered
all studies up to and including December 31, 2021, for eligibility. We
searched articles in PubMed on March 21, 2022, with the following
search string: (alcoholic beverage[MeSH Terms] OR drinking beha-
vior[MeSHTerms]OR “alcohol”[Title/Abstract]) AND (CoronaryArtery
Disease[Mesh] OR Myocardial Ischemia[Mesh] OR atheroscler-
osis[Mesh] OR Coronary Artery Disease[TiAb] OR Myocardial Ische-
mia[TiAb] OR cardiac ischemia[TiAb] OR silent ischemia[TiAb] OR
atherosclerosis Outdent [TiAb] OR Ischemic heart disease[TiAb]
OR Ischemic heart disease[TiAb] OR coronary heart disease[TiAb] OR
myocardial infarction[TiAb] OR heart attack[TiAb] OR heart infarc-
tion[TiAb]) AND (Risk[MeSH Terms] OR Odds Ratio[MeSH Terms] OR
“risk”[Title/Abstract] OR “odds ratio”[Title/Abstract] OR “cross-pro-
duct ratio”[Title/Abstract] OR “hazards ratio”[Title/Abstract] OR
“hazard ratio”[Title/Abstract]) AND (“1970/01/01”[PDat]: “2021/12/
31”[PDat]) AND (English[LA]) NOT (animals[MeSH Terms] NOT
Humans[MeSH Terms]). Studies were eligible for inclusion if they
met all of the following criteria: were published between January 1,
1970, and December 31, 2021; were a cohort study, case-control study,
or MR study; described an association between alcohol consumption
and IHDand reported aneffect size estimate (relative risk, hazard ratio,
odds ratio); and used a continuous dose as exposure of alcohol con-
sumption. Studies were excluded if they met any of the following cri-
teria: were an aggregate study (meta-analysis or pooled cohort);
utilized a study design not designated for inclusion in this analysis: not
a cohort study, case-control study, or MR study; were a duplicate
study: the underlying sample of the study had also been analyzed
elsewhere (we always considered the analysis with the longest follow-
up for cohort studies or the most recently published analysis for MR
studies); did not report on the exposure of interest: reported on
combined exposure of alcohol and drug use or reported alcohol
consumption in a non-continuous way; reported an outcome that was
not IHD or a composite outcome that included but was not limited to
IHD, or outcomes lacked specificity, such as cardiovascular disease or
all-cause mortality; were not in English; and were animal studies. All
screenings of titles and abstracts of identified records, as well as full
texts of potentially eligible studies, and extraction of included studies,
were done by a single reviewer (SC or HL) independently. If eligible,
studies were extracted for study characteristics, exposure, outcome,
adjusted confounders, and effect sizes and their uncertainty.While the
previous systematic review only considered cohort and case-control
studies, our update also included MR studies. We chose to consider
only ‘one-sample’ MR studies, i.e., those in which genes, risk factors,
and outcomes were measured in the same participants, and not ‘two-
sample’ MR studies in which two different samples were used for the
MR analysis so that we could fully capture study-specific information.
We re-screened previously identified records for MR studies to con-
sider all published MR studies in the defined time period. We also
identified and included in our sensitivity analysis an MR study pub-
lished in 202231 which used a non-linear MR method to estimate the
association between genetically predicted alcohol consumption and
IHD. When eligible studies reported both MR and conventionally
estimated effect sizes (i.e., for the association between self-reported
alcohol consumption and IHD risk), we extracted both. If studies used
the same underlying sample and investigated the same outcome in the
same strata, we included the study that had the longest follow-up. This
did not apply when the same samples were used in conventional
observational and MR studies, because they were treated separately
when estimating the risk curve of alcohol consumption and IHD.
Continuous exposure of alcohol consumption was defined as a
frequency-quantity measure182 and converted to g/day. IHD was
defined according to the International Classification of Diseases (ICD)
−9, 410-414, and ICD-10, I20-I25.

The raw data were extracted with a standardized extraction sheet
(see Supplementary Information Section 3, Table S4). For conventional

observational studies, when multiple effect sizes were estimated from
differently adjusted regression models, we used those estimated with
the model reported to be fully adjusted or the one with the most
covariates. In the majority of studies, alcohol consumption was cate-
gorized based on the exposure range available in the data. If the lower
end of a categorical exposure range (e.g., <10 g/day) of an effect size
was not specified in the input data,we assumed that this was0 g/day. If
the upper end was not specified (e.g., >20 g/day), it was calculated by
multiplying the lower end of the categorical exposure range by 1.5.
When the association between alcohol and IHD risk was reported as a
linear slope, the average consumption level in the sample was multi-
plied by the logarithm of the effect size to effectively render it cate-
gorical. FromtheMRstudywhichemployednon-linearMR31,five effect
sizes and their uncertainty were extracted at equal intervals across the
reported range of alcohol exposure using WebPlotDigitizer. To
account for the fact that these effect sizes were derived from the same
non-linear risk curve, we adjusted the extracted standard errors by
multiplying them by the square root of five (i.e., the number of
extracted effect sizes). Details on data sources are provided in Sup-
plementary Information Section 4.

Estimating the shape of the risk-outcome relationship
In step two, the shape of the dose-response relationship (i.e., ‘signal’)
between alcohol consumption and IHD risk was estimated relative to
risk at zero alcohol intake. The meta-regression tool MR-BRT (meta-
regression—Bayesian, regularized, trimmed), developed by Zheng
et al.33, was used formodeling. To allow for non-linearity, thus relaxing
the common assumption of a log-linear relationship, a quadratic spline
with two interior knots was used for estimating the risk curve33. We
used the following three risk measures from included studies: RRs,
odds ratios (ORs), and hazard ratios (HRs). ORs were treated as
equivalent to RRs and HRs based on the rare outcome assumption. To
counteract the potential influence of knot placement on the shape of
the risk curve when using splines, an ensemble model approach was
applied. Fifty componentmodels with randomknotplacements across
the exposure domain were computed. These were combined into an
ensemble by weighting each model based on model fit and variation
(i.e., smoothness of fit to the data). To prevent bias from outliers, a
robust likelihood-based approach was applied to trim 10% of the
observations. Technical details on estimating the risk curve, use of
splines, the trimming procedure, the ensemble model approach, and
uncertainty estimation are described elsewhere32,33. Details on the
model specifications for each risk curve are provided in Supplemen-
tary Information section 8. We first estimated each risk curve without
trimming input data to visualize the shape of the curve, which
informed knot placement and whether to set a left and/or right linear
tail when data were sparse at low or high exposure levels (see Sup-
plementary Information Section 10, Fig. S5a–l).

Testing and adjusting for biases across study designs and
characteristics
In step three, the risk curve was tested and adjusted for systematic
biases due to study attributes. According to the Grading of Recom-
mendations Assessment, Development, and Evaluation (GRADE)
criteria183, the following six bias sources were quantified: representa-
tiveness of the study population, exposure assessment, outcome
ascertainment, reverse causation, control for confounding, and
selection bias. Representativenesswasquantifiedbywhether the study
sample came from a location thatwas representative of the underlying
geography. Exposure assessment was quantified by whether alcohol
consumption was recorded once or more than once in conventional
observational studies, or with only one ormultiple SNPs inMR studies.
Outcome ascertainment was quantified by whether IHD was ascer-
tained by self-report only or by at least one other measurement
method. Reverse causation was quantified by whether increased IHD
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risk among participants who reduced or stopped drinking was
accounted for (e.g., by separating former drinkers from lifetime
abstainers). Control for confounding factors was quantified by which
and how many covariates the effect sizes were adjusted for (i.e.,
through stratification, matching, weighting, or standardization).
Because the most adjusted effect sizes in each study were extracted in
the systematic review process and thus may have been adjusted for
mediators, we additionally quantified a bias covariate for each of the
following potential mediators of the alcohol-IHD relationship: body
mass index, blood pressure, cholesterol (excluding high-density lipo-
protein cholesterol), fibrinogen, apolipoprotein A1, and adiponectin.
Selection bias was quantified by whether study participants were
selected and included based on pre-existing disease states. We also
quantified and considered as possible bias covariates whether the
reference group was non-drinkers, including lifetime abstainers and
formerdrinkers;whether the samplewasunder or over 50years of age;
whether IHD morbidity, mortality, or both endpoints were used;
whether the outcome mapped to IHD or referred only to subtypes of
IHD; whether the outcome mapped to MI; and what study design
(cohort or case-control) was used when conventional observational
studies were pooled. Details on quantified bias covariates for all
included studies are provided in Supplementary Information section 5
(Tables S7 and S8). Using a Lasso approach184, the bias covariates were
first ranked. They were then included sequentially, based on their
ranking, as effect modifiers of the ‘signal’ obtained in step two in a
linear meta-regression. Significant bias covariates were included in
modeling the final risk curve. Technical details of the Lasso procedure
are described elsewhere32.

Quantifying between-study heterogeneity, accounting for het-
erogeneity, uncertainty, and small number of studies
In step four, the between-study heterogeneity was quantified,
accounting for heterogeneity, uncertainty, and small number of stu-
dies. In a final linear mixed-effects model, the log RRs were regressed
against the ‘signal’ and selected bias covariates, with a random inter-
cept to account for within-study correlation and a study-specific ran-
dom slope with respect to the ‘signal’ to account for between-study
heterogeneity. A Fisher information matrix was used to estimate the
uncertainty associated with between-study heterogeneity185 because
heterogeneity is easily underestimated or may be zero when only a
small number of studies are available. We estimated the mean risk
curve with a 95% UI that incorporated between-study heterogeneity,
and we additionally estimated a 95% UI without between-study het-
erogeneity as done in conventional meta-regressions (see Supple-
mentary Information Section 7, Table S10). The 95% UI incorporating
between-study heterogeneity was calculated from the posterior
uncertainty of the fixed effects (i.e., the ‘signal’ and selected bias
covariates) and the 95% quantile of the between-study heterogeneity.
The estimate of between-study heterogeneity and the estimate of the
uncertainty of the between-study heterogeneity were used to deter-
mine the 95% quantile of the between-study heterogeneity. Technical
details of quantifying uncertainty of between-study heterogeneity are
described elsewhere32.

Evaluating potential for publication or reporting bias
In step five, the potential for publication or reporting bias was eval-
uated. The trimming algorithm used in step two helps protect against
these biases, so risk curves found to have publication or reporting bias
using the followingmethods were derived from data that still had bias
even after trimming. Publication or reporting bias was evaluated using
Egger’s regression34 and visual inspection using funnel plots. Egger’s
regression tested for a significant correlation between residuals of the
RR estimates and their standard errors. Funnel plots showed the resi-
duals of the risk curve against their standard errors. We reported
publication or reporting bias when identified.

Estimating the burden of proof risk function
In step six, the BPRFwas calculated for risk-outcome relationships that
were statistically significant when evaluating the conventional 95% UI
without between-study heterogeneity. The BPRF is either the 5th (if
harmful) or the95th (if protective) quantile curve inclusive of between-
study heterogeneity that is closest to the RR line at 1 (i.e., null); it
indicates a conservative estimate of a harmful or protective associa-
tion at each exposure level, based on the available evidence. Themean
risk curve, 95% UIs (with and without between-study heterogeneity),
and BPRF (where applicable) are visualized along with included
effect sizes using the midpoint of each alternative exposure range
(trimmed data points are marked with a red x), with alcohol
consumption in g/day on the x-axis and (log)RR on the y-axis.

We calculated the ROS as the average log RR of the BPRF between
the 15th and 85th percentiles of alcohol exposure observed in the
study data. The ROS summarizes the association of the exposure with
the health outcome in a single measure. A higher, positive ROS indi-
cates a larger association, while a negative ROS indicates a weak
association. The ROS is identical for protective and harmful risks since
it is based on the magnitude of the log RR. For example, a mean log
BPRF between the 15th and 85th percentiles of exposure of −0.6
(protective association) and a mean log BPRF of 0.6 (harmful asso-
ciation) would both correspond to a ROS of 0.6. The ROS was then
translated into a star rating, representing a conservative interpretation
of all available evidence. A star rating of 1 (ROS: <0) indicates weak
evidence of an association, a star rating of 2 (ROS: 0–0.14) indicates
a >0–15% increased or >0–13% decreased risk, a star rating of 3 (ROS:
>0.14–0.41) indicates a >15–50% increased or >13–34% decreased risk,
a star rating of 4 (ROS: >0.41–0.62) indicates a >50–85% increased or
>34–46% decreased risk, and a star rating of 5 (ROS: >0.62) indicates
a >85% increased or >46% decreased risk.

Statistics & reproducibility
The statistical analyses conducted in this study are described above in
detail. No statisticalmethodwasused topredetermine the sample size.
When analyzing data from cohort and case-control studies, we exclu-
ded 10% of observations using a trimming algorithm; when analyzing
data fromMR studies, we did not exclude any observations. As all data
used in this meta-analysis were from observational studies, no
experiments were conducted, and no randomization or blinding
took place.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The findings from this study were produced using data extracted from
published literature. The relevant studies were identified through a
systematic literature review and can all be accessed online as refer-
enced in the current paper26–29,31,39–157. Further details on the relevant
studies can be found on the GHDx website (https://ghdx.healthdata.
org/record/ihme-data/gbd-alcohol-ihd-bop-risk-outcome-scores).
Study characteristics of all relevant studies included in the analyses are
also provided in Supplementary Information Section 4
(Tables S5 and S6). The template of the data collection form is pro-
vided in Supplementary Information section 3 (Table S4). The source
data includes processed data from these studies that underlie our
estimates. Source data are provided with this paper.

Code availability
Analyses were carried out using R version 4.0.5 and Python version
3.10.9. All code used for these analyses is publicly available online
(https://github.com/ihmeuw-msca/burden-of-proof).
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