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Abstract 

Background: Research has long found ‘J-shaped’ relationships between alcohol consumption and certain health out-
comes, indicating a protective effect of moderate consumption. However, methodological limitations in most studies 
hinder causal inference. This review aimed to identify all observational studies employing improved approaches to 
mitigate confounding in characterizing alcohol–long-term health relationships, and to qualitatively synthesize their 
findings.

Methods: Eligible studies met the above description, were longitudinal (with pre-defined exceptions), discretized 
alcohol consumption, and were conducted with human populations. MEDLINE, PsycINFO, Embase and SCOPUS were 
searched in May 2020, yielding 16 published manuscripts reporting on cancer, diabetes, dementia, mental health, 
cardiovascular health, mortality, HIV seroconversion, and musculoskeletal health. Risk of bias of cohort studies was 
evaluated using the Newcastle-Ottawa Scale, and a recently developed tool was used for Mendelian Randomization 
studies.

Results: A variety of functional forms were found, including reverse J/J-shaped relationships for prostate cancer and 
related mortality, dementia risk, mental health, and certain lipids. However, most outcomes were only evaluated by a 
single study, and few studies provided information on the role of alcohol consumption pattern.

Conclusions: More research employing enhanced causal inference methods is urgently required to accurately char-
acterize alcohol–long-term health relationships. Those studies that have been conducted find a variety of linear and 
non-linear functional forms, with results tending to be discrepant even within specific health outcomes.

Trial registration: PROSPERO registration number CRD42020185861.
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Background
While the contribution of heavy alcohol consumption 
to the burden of disease is well-known [1], findings that 
moderate alcohol consumption is associated with health 
benefits for a wide range of outcomes persist. This rela-
tionship is often characterized as ‘J-shaped’, where 
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low-to-moderate consumption coincides with the low-
est risk, compared to a slightly higher risk for alcohol 
abstainers and much greater risk for heavy consumers. 
However, findings are inconsistent, and many functional 
forms have been reported for alcohol–long-term health 
relationships (see Fig.  1 for exemplar forms). Much 
recent research supports positive linear/monotonically 
increasing relationships for many outcomes, including 
most cancers [1, 2]. However, methodologically rigor-
ous individual studies continue to find exceptions, e.g., 
for mortality [3], and indeed for dementia, diabetes, and 
particular cardiovascular conditions, evidence remains 
largely consistent with a J/U-shape [1, 2]. Which of the 
myriad reported functional forms reflect true causal rela-
tionships, and which are merely methodological arte-
facts, remains unclear.

In addition to these inconsistent findings, J-shaped 
relationships are sometimes found for certain outcomes 
(e.g., cirrhosis of the liver) which lack plausible biologi-
cal mechanisms [4]. More generally, that studies across a 
broad array of health outcomes (with different underlying 
biological pathways) arrive at similar functional forms 
has prompted scrutiny of biases in observational stud-
ies – specifically confounding, reverse causality, selection 

bias and measurement error [5–7]. Confounding may 
constitute the biggest threat to causal inference, i.e., con-
fidence that a relationship’s observed functional form/
strength reflects the actual causal effect of exposure on 
outcome. Indeed, several confounders (e.g., socioeco-
nomic disadvantage [8, 9] and limited health care access 
[9]) may be driving the relationship between alcohol 
abstention and poor health outcomes.

Standard approaches to counter confounding include 
control for covariates via multivariable regression adjust-
ment, stratification or (exact) matching [10]. These meth-
ods are limited; regression with adjustment requires 
correct specification of the functional form (i.e., algebraic 
form in regression equations) of covariate–outcome rela-
tionships [11, 12], and relies on extreme extrapolation 
when there are insufficient observations for all combi-
nations of exposure, covariates and outcomes [12–14]. 
Similarly, the ‘curse of dimensionality’ – that the num-
ber of groups to compare increases exponentially with 
the inclusion of additional covariates, resulting in too 
few observations per group – is a limitation for match-
ing and stratification [14]. It is also difficult to know if all 
(and only) relevant covariates have been identified, and 
whether they may be imperfectly measured, leading to 

Fig. 1 Exemplar functional forms between alcohol consumption and health outcomes. Legend: A = J-shaped; B=U-shaped; C = reverse J-shaped; 
D = positive linear; E = negative linear; F = monotonically increasing; G = monotonically decreasing
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residual confounding. Indeed, some propose that cer-
tain relevant confounders are not even measurable [10]. 
While confounding is generally obviated by the rand-
omization mechanism in randomized controlled trials 
(RCTs), no long-term RCTs have been performed evalu-
ating the relationships between alcohol use and long-
term health outcomes because of ethical and compliance 
concerns.

To investigate alcohol–long-term health relationships, 
the field is therefore limited to observational studies. As 
such, efforts to improve causal inference have centered 
on mitigating bias. There is increased acknowledgement 
that data collection and analysis decisions can substan-
tially affect conclusions about relationship strength and 
form [15, 16], so should be made in a considered, litera-
ture-informed manner. A particularly hazardous decision 
here is treating lifetime abstainers and former drinkers 
(whose abstinence is often precipitated by illness) as a 
homogenous group, thereby inducing a ‘sick quitter bias’ 
which effectively shifts poor health outcomes that have 
accrued to former drinkers to the abstaining group [7]. 
Certain tools and strategies can assist with limiting bias, 
such as creating directed acyclic graphs (DAGs) at study 
outset, and, following primary analysis, assessing robust-
ness to methodological decisions (‘sensitivity analysis’), 
bias (‘bias analysis’), sample-specific confounding (‘cross-
cohort comparison’) or research type (‘triangulation’) 
[17]. Indeed, the impact of analytical decisions such as 
how exposures are categorized and compared has been 
the focus of recent reviews/meta-analyses of alcohol–
health research [15, 16].

Particularly promising, however, for addressing the 
identified limitations of existing research, are modern 
methods for data analysis and alternative observational 
designs. Conventional designs (e.g., prospective cohort 
studies) can be enhanced with modern analysis methods, 
such as propensity scores used for matching or weight-
ing, and ‘G-methods’ such as marginal structural models 
(MSMs; which can account for time-varying variables 
that act as both confounders and mediators). Regarding 
alternative designs, twin studies and other family-based 
designs control automatically for shared confounders, 
as do negative controls [18]. Natural experiments are 
another alternative, mimicking the random allocation of 
RCTs and thus guarding against confounding and reverse 
causation. These include instrumental variables (IV) 
designs, where as-if/randomly allocated proxies for expo-
sures are used in place of exposures themselves. Men-
delian Randomization (MR), a kind of IV design, offers 
particular promise given the potential of genetic proxies 
for alcohol consumption.

While these methods are still limited in their approach 
to inferring causal relationships from observational data, 

they represent significant improvements over conven-
tional analyses (see Table  1 for a full list of methods of 
interest, their advantages, and their limitations). Some 
of these approaches are gaining popularity [19], but they 
are not routinely applied to alcohol–long-term health 
research [20]. Importantly, reviews in this area rarely 
focus on improved analytical methods to counter con-
founding and tend to exclude novel study designs. This 
review therefore aims to identify all observational stud-
ies employing such approaches, and to synthesize their 
findings on the functional form and strength of alcohol–
long-term health relationships.

Methods
Search strategy and study selection
This review’s methods are reported in detail in the 
study protocol, which was registered with PROSPERO 
(CRD42020185861) and published [38]. Briefly, searches 
for peer-reviewed, English-language journal articles and 
grey literature on MEDLINE, PsycINFO, Embase and 
Scopus were performed in May 2020 with no limits on 
publication date. Choice of causal inference methods 
of interest incorporated expert feedback. Search terms 
were generated by adapting those from recent reviews 
and searching keywords/index terms of key eligible 
papers known to the authors, with iterative refinement. 
These included controlled vocabulary terms and free 
text words, and related to: 1) alcohol; 2) levels/patterns 
of drinking 3) observational, longitudinal studies; 4) ana-
lytical approaches to improve causal inference that are 
used in conjunction with conventional study designs; and 
5) design-based approaches to improve causal inference. 
Groups of terms were combined as follows: 1 and 2 and 
((3 and 4) or 5). MEDLINE search terms are provided in 
Table S1. Additionally, reference lists of eligible, retrieved 
studies were manually searched.

Only human research was eligible. The exposure of 
interest was level of alcohol consumption (volume over 
a given period), or level and pattern of consumption 
(incorporating frequency/heavy episodic drinking). 
While studies were eligible regardless of their findings on 
functional form, their methods must have been capable 
of detecting non-linearity – were it to be present. For this 
reason, studies were only eligible if they categorized alco-
hol consumption, and subsequently performed compari-
sons between a chosen reference category and the other 
levels of consumption. This approach does not require 
assuming a functional form (unlike a single regression 
using a continuous predictor). Specifically, a non-drink-
ing/light drinking reference was required in addition to at 
least two other levels of consumption (alternative meth-
ods of comparison allowing for the detection of non-line-
arity were permitted for IV/MR designs). Any long-term 
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health outcome was eligible; studies only reporting on 
acute/short-term conditions (e.g., injury) were excluded. 
Eligible studies needed to employ one of the pre-specified 
approaches to improving causal inference (see Table  1). 
Studies needed to be longitudinal cohort or case-control 
designs (excepting IV/MR designs). IV/MR studies must 
have performed formal IV analysis or otherwise provided 
estimates in terms of predicted alcohol consumption. 
Reviews and interventional studies were excluded.

Retrieved titles and abstracts were screened by one 
reviewer (RV), with a second reviewer (JW) additionally 
screening a random 25%. Full-text articles were inde-
pendently assessed by two reviewers (RV and JW). A 
third reviewer (LM) was consulted regarding unresolved 
discrepancies.

Data extraction
Extraction was performed independently by two review-
ers (RV and JW) using pre-piloted forms. Extracted data 
included publication details (author/s, year), participant 
characteristics (sample size, setting, mean age, eligibil-
ity criteria, cohort name), exposure details (number and 
spread of measurement occasions, nature of discretized 
categories), study design and analysis methods, health 
outcome/s (how assessed, whether binary/continu-
ous, interval to measurement), and results (relationship 
strength and form). Study authors were contacted if fur-
ther information was required (see Table S2).

Quality assessment
Given the range of designs targeted by this review, two 
risk of bias assessment tools were used. Cohort stud-
ies were assessed using the relevant Newcastle-Ottawa 
Scale (NOS) [39], and a recently developed tool specific 
to MR [40] was employed. One reviewer (RV) applied the 
tools to all studies, with a second reviewer (JW) addition-
ally assessing a random 25%. In line with other similar 
reviews, formal assessment of evidence quality was lim-
ited to risk of bias [40, 41].

Synthesis and reporting
Data synthesis was limited to narrative description given 
the heterogeneity in health outcomes and methods 
employed by included studies. Reporting of this review 
complies with the Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis (PRISMA) [42], the 
checklist for which can be found in Table S3.

Results
Characteristics of included studies
Sixteen articles met inclusion criteria (see Fig.  2), com-
prising four MR studies, nine twin designs, and three 
prospective cohort studies employing MSMs, reporting 

on health outcomes broadly related to cancer, diabetes, 
dementia, mental health, cardiovascular health, mortal-
ity, HIV, and musculoskeletal health. Two cohorts pro-
vided all twin study data, with all but one non-MR study 
conducted with Swedish or Finnish populations. Study 
characteristics are summarized in Table  2, and exclu-
sion reasons for key ineligible papers are provided in 
Table  S4. The two reviewers were in agreement on title 
and abstract screening for 93.13% of cases, and all dis-
crepancies at full-text screening were resolved by discus-
sion between reviewers.

Cancer
One twin study reported on two prostate cancer out-
comes, prostate cancer and prostate cancer mortality, 
and results were consistent with reverse J- and J-shaped 
relationships, respectively, with light drinking at the 
nadir [43]. Hazard ratios (HRs) for abstainers ranged 
from 2.85–2.98 (monozygotic (MZ) and combined twin 
analyses) compared to light drinkers, and for heavy 
drinkers compared to light drinkers ranged from 1.63–
2.00. With the maximum sample (all twin analyses), the 
confidence interval (CI) for the abstainer comparison was 
large. Results were similar when restricting analyses to 
twins discordant for prostate cancer outcome.

Diabetes
Two studies reported on diabetes, including one twin 
study, and one MR study. Carlsson et  al.’s twin-based 
findings on the risk for type 2 diabetes (T2D) resemble a 
J-shape [44], but were critically underpowered, prevent-
ing interpretation. In Peng et al.’s MR study, local average 
treatment effects (LATEs) were employed to detect non-
linearity – indicated by a LATE slope (effect of genet-
ically-predicted alcohol consumption plotted against 
discretized observed alcohol consumption) significantly 
different to zero [45]. Results did not support non-line-
arity for diabetes-related biomarkers. Substantive effects 
were only interpreted for men, with women used as a 
negative control due to their lack of alcohol consumption 
(effect of genetic instrument on diabetic markers should 
be observed in men but not women if alcohol consump-
tion is the only causal pathway). In linear IV analyses, 
small positive linear relationships with narrow CIs were 
found for fasting blood glucose (FBG), 2-h post-load 
plasma glucose (P2hBG) and insulin resistance (HOMA-
IR), while there were no relationships for haemoglobin 
A1c (HbA1c) or beta-cell function (HOMA-beta).

Dementia
One twin study reported on dementia [46]. Analyses 
were consistent with a J-shape, with HRs for abstain-
ers compared to light drinkers between 1.37–1.39, and 
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for moderate-to-very-heavy drinkers compared to light 
drinkers between 1.57–3.07. Analyses of dementia-con-
cordant twins demonstrated that only very heavy alco-
hol consumers had a much earlier age of onset than their 
light-drinking co-twins (10.67-year discrepancy in diag-
nosis compared to 6.79 years when both twins were light 
drinkers).

Mental health
Two articles reported on mental health outcomes: a pro-
spective cohort study of depression employing MSMs, 
and a twin study assessing disability pension due to 
mental health diagnoses (MHD). Gemes et al. employed 
DAG-informed MSMs incorporating inverse probability 
of exposure and attrition weights [47]. Results support a 
U-shaped relationship (although there were few excessive 
consumers), with relative risks (RR) of 1.60 and 1.77 for 
abstainers and excessive drinkers respectively compared 
to light drinkers. Excluding those with baseline depres-
sion increased risk for excessive consumers such that the 
form approximated a J-shape, with RRs of 1.46 and 2.83 
for abstainers and excessive drinkers respectively. Strati-
fying by gender, only abstainers were at increased risk 

for men, while both abstainers and excessive consumers 
remained at increased risk for women.

Samuelsson et al. discretized alcohol consumption into 
categories based on both volume and frequency [48]. In 
analyses of outcome-discordant twins, abstainers were at 
increased risk for pension due to MHD compared to light 
frequent consumers (HRs of 1.93–2.17 for MZ and com-
bined twin analyses), as were heavy infrequent consum-
ers with an HR of 2.10 (disappeared in MZ-only analyses; 
HR of 1.09), and light infrequent consumers (HRs of 2.80 
and 3.67 for MZ and combined twin analyses respec-
tively). Heavy frequent consumers were at decreased risk, 
although there were too few pairs to conduct MZ-spe-
cific analyses.

Cardiovascular events/diagnoses
Four studies reported on cardiovascular events/diag-
noses, including two twin studies, one MSM and one 
MR study. Ilomaki et  al. reported on myocardial infarc-
tion (MI), comparing various crude, adjusted and MSM 
models [49]. The DAG-informed MSM incorporated 
time-varying consumption and both time-varying and 
invariant covariates. Results were consistent with a 

Fig. 2 PRISMA flow chart
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J-shape, with RRs of 1.27 for the lowest group and 1.59 
for the highest group respectively, both with fairly nar-
row CIs (although they included the null). Models 2, 3 
and 4 (non-MSM but with assorted incorporation of 
time-varying exposures/confounders) were consistent 
with monotonically increasing, reverse-J/U, and J-shaped 
relationships respectively.

Kadlecova et  al. examined the relationship between 
midlife alcohol consumption and later stroke/transient 
ischaemic attack (TIA) using MZ twins [50]. In co-twin 
analyses, all groups had higher odds ratios (ORs) for 
stroke/TIA than very light consumers, with the high-
est estimate for abstainers (OR of 2.22; consistent with 
a reverse J-shape). In twins concordant for stroke/TIA, 
heavy consumers had shorter time to event (5.68 years), 
while all other groups had slightly longer time to event 
than the very light drinking group.

Milwood et  al. also reported on stroke (ischaemic, 
intracerebral haemorrhage, total stroke), in addition to 
acute myocardial infarction (AMI), and total coronary 
heart disease (CHD) [51]. As for Peng et al., women were 
negative controls. Comparing categories of genetically-
predicted alcohol consumption, MR results were con-
sistent with monotonically increasing relationships for 
stroke and subtypes, and with no causal relationships 
for AMI/CHD. Log RRs for those relationships with evi-
dence of linearity ranged from 1.27–1.58 per 280 g of 
alcohol per week consumed.

Finally, Ropponen et al. reported on disability pension 
due to circulatory system diagnoses using a twin design 
[52]. For same-sex twins discordant for outcome, there 
appeared to be little clear relationship in MZ-only anal-
yses, while the dizygotic (DZ)-only analyses were con-
sistent with a reverse J-shape (both moderate and heavy 
consumers had HRs < 1 compared to abstainers).

Continuous cardiovascular measures
Three MR studies reported on lipids, with two of these 
also reporting on blood pressure and obesity anthro-
pometrics. Peng et  al., using the same methods as for 
diabetes outcomes, found no evidence of non-linear 
relationships for any lipids, blood pressure measures or 
obesity anthropometrics, but did find positive linear rela-
tionships for BMI, waist circumference, hip circumfer-
ence, non-HDL-C, triglycerides (TG), total cholesterol 
(TC), systolic blood pressure (SBP) and diastolic blood 
pressure (DBP).

Silverwood et al. applied the LATE method to pooled 
data from 22 studies to examine cardiovascular and 
inflammatory measures, finding non-linearity (J-shapes) 
for SBP, non-HDL-C, BMI, WC and C-reactive protein 
(CRP) [53]. Nadirs for these relationships corresponded 
to small volumes of alcohol, ranging from 1 to 3.5 units of 

alcohol/week, and the differences in biomarker outcomes 
at the nadir compared with abstinence were also small. 
For those outcomes with no evidence of non-linearity, 
standard IV analysis revealed a positive linear relation-
ship between alcohol consumption and IL-6 (an inflam-
matory marker), but a lack of relationship with HDL-C 
and triglycerides.

Finally, Vu et al. discretized genetically-predicted alco-
hol consumption into quartiles, comparing lipids in each 
with the lowest quartile [54]. Results provide evidence of 
non-linearity for TG, TC, HDL2-C, LDL-C, sdLDL-C and 
apoB. For these outcomes, all quartiles had more favora-
ble levels than quartile 1. Benefits peaked at quartile 3, 
equivalent to .5–.1 genetically-predicted units per week. 
Results do not support causal relationships between alco-
hol and HDL-C overall, HDL3-C or Lp(a).

Mortality
One twin study assessed all-cause mortality, finding the 
three heaviest alcohol consuming groups had greater 
mortality risk compared to their lighter consuming refer-
ence, with HRs ranging from 1.60–2.99 [55]. This pattern 
replicated in the MZ-only sample, but with less preci-
sion and with CIs crossing the null. Abstainers were at 
decreased risk (HR of .43) in the MZ-only sample, but the 
CI included the null.

HIV seroconversion
One study employing MSMs reported on HIV serocon-
version in men, incorporating both inverse probability of 
exposure and censoring weights [56]. Results were con-
sistent with a monotonically increasing risk function, 
with an RR of 1.61 for heavy drinkers compared with 
abstainers.

Musculoskeletal health (MSD)
Three twin studies reported on MSD – all using receipt 
of disability pension due to MSD conditions as the out-
come. Pietikainen et  al. found a roughly monotonically 
increasing relationship for pension due to lower back dis-
orders, with lower risk for abstainers the clearest effect 
(HR of .79), although all CIs included the null [57]. When 
stratified by sex, the protective effect of abstinence was 
more pronounced in men (HR .45; CI .13,1.48), while the 
functional form in women changed such that there was 
also reduced risk for moderate consumers (HR .76; CI 
.45,2.32).

Using the same cohort, Ropponen et  al. (2011) exam-
ined disability pension due to osteoarthritis and due to 
MSD more generally [58]. Results were not consistent 
with a clear functional form but do support abstainers 
having the lowest risk for both outcomes.
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Finally, in a different cohort, Ropponen et  al. (2014) 
evaluated risk for disability pension due to MSD [52]. 
Again, outcome-discordant twin analyses did not reveal 
a clear functional form, with discrepant results between 
MZ and DZ samples.

Risk of bias
Cohort studies ranged in scores from 7 to 9 out of 9 on 
the NOS tool (see Table S5), with most losing marks for 
self-reported ascertainment of exposure. MR studies all 
had a combination of low and moderate risk across the 
five domains (see Table S6).

Discussion
This review found that improved causal inference meth-
ods have been applied minimally to research on alco-
hol–long-term health relationships. Non-linearity was 
apparent for several outcomes: prostate cancer and 
related mortality (reverse J-shaped and J-shaped respec-
tively), dementia risk (J-shaped; although age of onset 
better characterized by monotonically increasing rela-
tionship), mental health (U/J-shaped for depression; 
increased risk for abstainers for disability pension due 
to MHD), and certain lipids (LDL-C; reverse J-shaped, 
sdLDL-C and apoB; monotonically decreasing, and HDL-
2C; inverted reverse J-shaped). However, many of the 
individual comparisons from which these overall forms 
were of small effect size or were imprecise. While the 
level of consumption coinciding with lowest risk varied 
between outcomes, it tended to fall in the light range – 
as little as .5–.1 units/week [54]. Positive linear/mono-
tonically increasing relationships were found for DBP, hip 
circumference, IL-6, all-cause mortality, and HIV sero-
conversion (although it is not possible to partition short-
term pathways via risky sexual behavior and longer-term 
effects on immune function). No relationships were 
found between alcohol and HDL-3C, Lp(a), or waist-to-
hip ratio.

Where multiple studies reported on an outcome, find-
ings were inconsistent. For diabetes-related biomarkers, 
there was a positive linear relationship, but the one study 
reporting on T2D itself lacked power to support a clear 
functional form. For cardiovascular events/diagnoses, 
one twin study found preliminary evidence for a J-shaped 
relationship with myocardial infarction, while MR failed 
to find any relationship. For stroke, one twin study found 
a reverse J-shape (monotonically increasing for time to 
stroke), while MR found monotonically increasing rela-
tionships. For cardiovascular disease more generally, no 
clear causal relationship emerged. The results of Mill-
wood et al. imply that broad outcomes (in this case total 
CHD) mask various discrepant sub-functional forms (as 
is likely for all-cause mortality) [59]. For cardiovascular 

biomarkers, all three studies evaluating HDL-C were 
consistent with a lack of causal relationship. There was 
little consistency across other cardiovascular biomarkers, 
lipids and obesity anthropometric measures, with con-
flicting functional forms found for non-HDL-C, triglycer-
ides, total cholesterol, SBP, BMI and waist circumference. 
This was the case even when the same MR method was 
used, which may reflect the impact of using different 
ethnic populations and genetic instruments. Finally, for 
musculoskeletal health, results varied between a mono-
tonically increasing form, no clear functional form, and 
no clear functional form with nadir at abstinence.

Some of these findings are roughly consistent with the 
conclusions on functional form made by recent reviews 
of the broader observational literature, but there were 
also outcomes where the present findings do not con-
cord with the broader literature; evidence has been tri-
angulated in Table  3. Triangulation with the broader 
observational research is key, as evidence for most health 
outcomes was only available from one or two studies in 
the present review, and thus not definitive.

Importantly though, where included studies performed 
conventional analyses for comparison with modern 
methods to address confounding, results were often dis-
crepant. Most starkly, Millwood et al. found typical J/U/
reverse-J-shaped relationships via conventional analy-
ses, but monotonically increasing (or no) relationships 
when using MR. Even when functional forms roughly 
replicated across methods, the strength of individual 
comparisons differed. With pooled cohort analysis, Dick-
erman et al. found abstainers had slightly increased risk 
for prostate cancer, compared to much greater risk when 
utilising discordant twins. The application of improved 
causal inference methods is therefore essential to accu-
rately characterize alcohol–health relationships.

Also of note, there were several methods of interest for 
which no eligible studies were identified. It may be that 
certain methods are ill-suited to address this research 
question – for example, it may be difficult to find a 
non-genetic IV to proxy for multiple levels of alcohol 
consumption, while others, such as G-estimation, may 
not yet have gained traction in research more generally 
[21]. Negative controls, while not identified as a primary 
design approach, were incorporated into two of the MR 
studies. Of the methods that were represented, there 
were fewer eligible studies than expected – particularly 
for MR, where many articles were excluded for only per-
forming linear IV analyses, or for providing estimates 
in terms of the effects of genetic variants (e.g., ADH1B 
A-allele carriers vs non-carriers) rather than genetically-
predicted alcohol consumption. Consistent with other 
reviews of the literature [10], covariates controlled for 
across studies varied considerably (see Table S7).
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Strengths
This review applied a novel framework to examining alco-
hol–health relationships, identifying and synthesizing 
information from those observational studies that best 
mitigate confounding and thus promote causal inference. 
The search strategy included terms for a broad range of 
analytical and design-based approaches informed by the 
literature and consultation with experts. As many included 
studies performed both conventional analyses and causal 
inference approaches, this review was able to highlight the 
difference that such methods make. A further strength was 
that all long-term health outcomes were eligible, providing 
a comprehensive picture of the state of the evidence base, 
and importantly, on the large gaps in the literature where 
the aforementioned methods require application.

Limitations
While the included studies mitigate confounding, other 
methodological limitations (not necessarily captured 
by the NOS) may be present. For example, the prospec-
tive cohort studies likely suffered from sick quitter bias 
in failing to separate ex-drinkers from lifelong abstain-
ers – exacerbated in those studies where baseline mean 
age was over 50. Misclassification was likely in many of 
the twin studies as most based classification on a single 
measurement, and most of these focused on shared con-
founding, without additionally controlling for measured 
covariates. While MSMs can account for consumption 
and covariates at multiple timepoints, these studies were 
still vulnerable to residual confounding, with Gemes et al. 
noting that unmeasured social confounders may partially 
underpin their findings. As approaches to minimize these 
biases consist largely of literature-informed, considered 
researcher decisions and sensitivity analyses, they are not 
suited to systematic database searching, and were not the 
focus of this review. While MR is largely immune to both 
misclassification and confounding, it suffers from its own 
idiosyncratic limitations, with controversy over its appli-
cation to alcohol–health research specifically [71–73]. 
For example, two of the included MR studies discretized 
genetically-predicted alcohol consumption, resulting in 
the lowest categories aligning with occasional consump-
tion – not strictly comparable with abstinence.

Additionally, despite evidence of the importance of 
accounting for pattern of consumption [74], MR stud-
ies are limited in their ability to do so [73], and only one 
cohort study [48] used drinking pattern as the exposure, 
rather than volume alone (or volume and frequency sepa-
rately). Finally, several of the included studies evaluated 
alcohol’s relationship with condition-specific disabil-
ity pension, rather than the condition itself. This is an 
imperfect proxy, with receipt of pension also reflecting 

the interference of the disease with one’s ability to work, 
as well as incentive to apply [57]. Given that all included 
studies evaluating musculoskeletal health used disability 
pension as a proxy, findings with respect to these out-
comes should be interpreted with caution.

Future directions
This review has identified clear gaps in alcohol–long-
term health research, demonstrating great potential for 
further application of enhanced causal inference meth-
ods. Analysis methods such as MSMs are particularly 
promising as they do not require the establishment of 
twin registries or large genetic datasets, but are able to 
mitigate confounding, differential censoring and misclas-
sification. And as evidenced by studies included in this 
review, they are suitable for examining alcohol–long-
term health relationships.

Analysis and design approaches that mitigate confound-
ing should be combined with sensitivity analyses such as 
multiverse analyses (to quantify robustness to data pro-
cessing/analysis decisions) [75], as well as bias analy-
ses such as e-value generation (to quantify robustness to 
unmeasured confounding) [76]. Given the unique advan-
tages and limitations of each analytical and design-based 
approach, triangulation of findings across observational 
evidence is crucial. Combining data across studies through 
data harmonization techniques should also be considered 
to mitigate power issues, which were evident in several 
included studies with rare exposure–outcome combina-
tions. Finally, while acknowledging the limitations of the 
included studies, the identification of some evidence con-
sistent with causal protective effects of light-to-moderate 
alcohol consumption for several health outcomes justi-
fies further exploration of the biological mechanisms that 
could underpin these (potential) effects. This is particularly 
true of those outcomes for which findings were concord-
ant with the broader observational literature (see Table 3).

Conclusions
This novel review found that, when enhanced causal 
inference approaches are applied, a variety of functional 
forms – including linear, J-shaped, and no relationship 
– are found between alcohol consumption and vari-
ous long-term health outcomes. However, few studies 
have employed these methods, with covariate-adjusted, 
conventional cohort analyses remaining dominant, pre-
venting a conclusive picture of the nature of these rela-
tionships from emerging. Given that associations found 
between moderate alcohol consumption and good health 
impact safe drinking guidelines and public health policy 
[77, 78], further research employing methods to miti-
gate confounding and other biases is urgently required to 
establish whether such findings are truly causal.
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