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ABSTRACT. Objective: Assumptions about alcohol’s health benefits
profoundly influence global disease burden estimates and drinking
guidelines. Using theory and evidence, we identify and test study char-
acteristics that may bias estimates of all-cause mortality risk associated
with low-volume drinking. Method: We identified 107 longitudinal
studies by systematic review with 724 estimates of the association
between alcohol consumption and all-cause mortality for 4,838,825
participants with 425,564 recorded deaths. “Higher-quality” studies had
a mean cohort age of 55 years or younger, followed up beyond 55 years,
and excluded former and occasional drinkers from abstainer reference
groups. “Low-volume” alcohol use was defined as between one drink
per week (>1.30 g ethanol/day) and two drinks per day (<25 g ethanol/
day). Mixed linear regression was used to model relative risks (RRs) of
mortality for subgroups of higher- versus lower-quality studies. Results:

As predicted, studies with younger cohorts and separating former and
occasional drinkers from abstainers estimated similar mortality risk for
low-volume drinkers (RR = 0.98, 95% CI [0.87, 1.11]) as abstainers.
Studies not meeting these quality criteria estimated significantly lower
risk for low-volume drinkers (RR = 0.84, [0.79, 0.89]). In exploratory
analyses, studies controlling for smoking and/or socioeconomic status
had significantly reduced mortality risks for low-volume drinkers. How-
ever, mean RR estimates for low-volume drinkers in nonsmoking cohorts
were above 1.0 (RR = 1.16, [0.91, 1.41]). Conclusions: Studies with life-
time selection biases may create misleading positive health associations.
These biases pervade the field of alcohol epidemiology and can confuse
communications about health risks. Future research should investigate
whether smoking status mediates, moderates, or confounds alcohol-
mortality risk relationships. (J. Stud. Alcohol Drugs, 85, 441–452, 2024)
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AN INCREASING NUMBER of studies have challenged
prior findings suggesting that alcohol consumed at low

levels can protect against serious diseases, notably ischemic
heart disease (IHD), ischemic stroke (Ronksley et al., 2011),
and type 2 diabetes (Baliunas et al., 2009). Although many
observational studies suggest that people drinking at “mod-
erate” (i.e., low-volume) levels live longer and have fewer
illnesses than people assessed as “abstainers,” many potential
sources of selection bias contaminate such simple compari-
sons (Naimi et al., 2017). Assumptions about the validity of
the alcohol and health benefit hypothesis have major impli-
cations for estimates of the global burden of disease and the
formulation of national guidelines on low-risk alcohol use.

A recent estimate of alcohol’s global burden of disease by
the International Health Modelling and Evaluation (IHME)
group used an assumption that consuming up to nine alco-
holic drinks per day protected against IHD (Bryazka et al.,
2022). This contributed to an estimate of 1.8 million deaths
globally in 2020 attributable to alcohol use, 1 million less
than the estimate for 2016 that assumed more modest protec-
tive effects against IHD (Griswold et al., 2018).

Previous systematic reviews and meta-analyses of alcohol
use and all-cause mortality have highlighted the crucial role
of study design (Zhao et al., 2023), particularly the criteria
applied to define the reference group (usually abstainers)
against which drinkers are compared (Fillmore et al., 2006;
Naimi et al., 2017; Stockwell et al., 2016). Naimi et al.
(2017) provided a theoretical analysis of how selection bi-
ases accumulate across the life course resulting in the false
appearance of health benefits for low-volume alcohol use,
especially in studies of older people. Empirical evidence
supports this theory, showing how the usual reference group
of abstainers fills up among older cohorts with people who
have stopped or cut down on their drinking for health rea-
sons (Stockwell et al., 2016). This idea is illustrated in Fig-
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ure A1 in the online supplementary material. Thus, studies
of younger cohorts followed up to older age should be less
prone to such selection biases, a prediction confirmed in a
meta-analysis of IHD studies (Zhao et al., 2017). Similarly,
a study of an older Spanish cohort found that the appearance
of protection against all-cause mortality for low-volume
drinkers vanished when a measure of lifetime rather than
recent drinking was incorporated (Ortolá et al., 2019).

A recent systematic review and meta-analysis of alcohol
use and all-cause mortality (Zhao et al., 2023) confirmed
that estimates of mortality risk associated with low-volume
use become smaller and nonsignificant when adjustment is
made for key study characteristics (e.g., if lifetime abstain-
ers were the reference group, study cohort age). However,
statistical study-level controls for these methodological char-
acteristics may not eliminate their effects; thus, lower-quality
studies would still have influenced this pooled meta-analysis.
This point was also made repeatedly in a critique of Zhao et
al. (2023) by the International Scientific Forum for Alcohol
Research (ISFAR) (2023), a group with significant ties to the
alcohol industry (Siegel, 2023).

The present study is a response to the criticism that we
should have excluded studies from our meta-analysis that
did not meet pre-registered quality criteria (see Stockwell
et al., 2024, for a more comprehensive response to ISFAR’s
critique of Zhao et al., 2023). To illustrate the difference
these criteria make, we provide here separate meta-analyses
of both lower- and higher-quality studies using up to three
key quality criteria. Specifically, we group studies by key
characteristics predicted to be important based on the
model of lifetime selection bias outlined above (Naimi et
al., 2017). This broad strategy of conducting meta-analyses
on only higher-quality studies was also used by Fillmore et
al. (2006) and Stockwell et al. (2016). As a preliminary to
these new meta-analyses, we present a series of exploratory
bivariate analyses to identify potentially critical study-level
variables that are associated with the presence or absence of
health benefits for low-volume alcohol use. We then present
meta-analyses of study subgroups deemed a priori to be of
higher or lower quality as assessed by their likely exposure
to lifetime selection biases.

Method

Overview

We used a pool of 107 cohort studies reporting associa-
tions between the level of alcohol use and risk of subsequent
all-cause mortality as identified in our recently published
systematic review and meta-analysis (Zhao et al., 2023). We
conducted further meta-analyses of subgroups of these 107
studies meeting pre-defined criteria for being “lower” or
“higher” quality in relation to the risk of the reference group
categorized as abstainers being biased toward ill health.

These analyses focus on mortality risks for individuals cat-
egorized as having a lower volume of alcohol consumption,
defined as being at least one drink per week and no more
than two drinks per day, or between 1.3 g and 24 g of ethanol
per day on average. As a preliminary to these meta-analyses,
we present a series of simple bivariate comparisons of mean
all-cause mortality risks for low-volume drinkers from
studies of higher or lower quality. The study protocol was
preregistered with the Open Science Framework: https://osf.
io/tnhd3/ (Stockwell et al., 2021).

Search strategy for relevant studies

The systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Moher et al., 2009); see PRISMA Checklist in
Table A2 in the appendices. (Supplemental material appears
as an online-only addendum to this article on the journal’s
website.) We identified potentially relevant articles published
up to July 31, 2021, by searching PubMed and Web of Sci-
ence and through reference list cross-checking of previous
meta-analyses (eFigure 1 in Supplement 1) (Zhao et al.,
2023). There were 87 studies identified by Stockwell et al.
(2016). We added 20 new studies (Almeida et al., 2017; Ar-
mas Rojas et al., 2021; Bobak et al., 2016; Dai et al., 2015;
Daya et al., 2020; Di Castelnuovo et al., 2022; Jankhotkaew
et al., 2020; Kaprio et al., 2019; Keyes et al., 2019; Kun-
zmann et al., 2018; Licaj et al., 2016; Luksiene et al., 2017;
Martínez-González et al., 2022; Ortolá et al., 2019; Perreault
et al., 2017; Rosella et al., 2019; Saito et al., 2018; Sydén &
Landberg, 2017; van de Luitgaarden et al., 2020; Zhang et
al., 2021) meeting inclusion criteria. In the appendices, see
Table A1 for a list of these new studies and a flowchart of
the study selection process (Figure A2).

We used the following keywords and subject headings
to identify relevant articles in electronic databases: [mortal-
ity OR death] AND [alcohol OR consumption OR ethanol
OR alcohol drinking] AND [cohort OR prospective OR
longitudinal].

Inclusion and exclusion criteria

Inclusion criteria. The following criteria were used to
include studies in the full sample of 107:

• Language: English.
• Publication type: original research manuscripts pub-

lished in peer-reviewed journals.
• Types of study: prospective cohort studies evaluating

the relationship between at least two levels of alcohol
consumption and all-cause mortality risk.

• Types of participants: general populations. All age
groups and subjects from any racial, ethnic, cultural,
or religious groups were eligible for inclusion, regard-
less of location.
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• When studies assessed usual or typical drinking
patterns over a month or a week, it is assumed that
individuals classified as abstainers by this method and
used as the reference group would include occasional
drinkers (i.e., drinkers who typically consumed less
than weekly or monthly).

Exclusion criteria.
• Publication type: Only original cohort studies were

included. We excluded narrative reviews, letters, edito-
rials, commentaries, unpublished manuscripts, disserta-
tions, government reports, books and book chapters,
conference proceedings, meeting abstracts, lectures
and addresses, and consensus or guideline statements.

• Types of participants: Subjects selected based on
having a specific illness and/or a heavy/problematic/
dependent pattern of drinking were excluded.

Data extraction

All eligible articles were reviewed by three coders to
extract and code data independently. Any disagreements
were resolved by discussion with the principal investigator
and investigators. The original codebook prepared and used
by Stockwell et al. (2016) was updated to provide more
detailed classifications of the type of reference groups used
and methods of quantifying alcohol consumption. The most
recent publication was coded if multiple publications had
been issued from the same data set unless different popula-
tions were considered (e.g., males vs. females). The types
of data extracted included (a) outcome, hazard ratio, rate
ratio, or rate of all-cause mortality; (b) measures of alcohol
consumption capable of conversion to amounts of ethanol
per day; (c) study characteristics, including cohort ages at
recruitment and follow-up, country of origin, and year of
publication; (d) types of abstainer misclassification errors;
(e) controlled variables such as smoking and socioeconomic
status (SES).

Outcomes. Hazard ratios and rate ratio estimates of all-
cause mortality in individual studies were used as relative
risk (RR) estimates. Where studies only reported mortality
rates, these were converted to RR estimates (Woodward,
2013). When abstainers specified in original studies were
not the reference category, the RR values were recalculated
with abstainers as the reference group (Fillmore et al., 2006;
Stockwell et al., 2016).

Measures of alcohol consumption. The primary expo-
sure variable was the level of daily alcohol consumption in
grams of ethanol assessed at baseline and compared with a
reference group defined as nondrinkers or abstainers. When
studies did not define the grams of alcohol per unit or drink,
we used 8 g/unit for the United Kingdom; 10 g/drink for
Australia, Austria, France, Greece, Hungary, Ireland, Nether-
lands, New Zealand, Poland, Spain, and Sweden; 11 g/drink

for Finland; 12 g/drink for Denmark, Germany, Italy, South
Africa, and Switzerland; 13.45 g/drink for Canada; 14 g/
drink for the United States; 12.5 g/drink for China; 19.75 g/
drink for Japan; and 12 g/drink for other countries (Inter-
national Alliance for Responsible Drinking, 2022; Turner,
1990). Alcohol use was converted into grams per day using
the midpoints of reported categories to estimate mean values.

Drinking categories were defined and reclassified if
necessary as (a) former drinkers now completely abstain-
ing, (b) current occasional drinkers, up to 1 drink (=10 g of
ethanol) per week (<1.30 g per day); (c) low-volume drink-
ers, up to 2 drinks or 1.30–24 g per day; (d) medium-volume
drinkers, up to 4 drinks or 25–44 g per day; (e) high-volume
drinkers, up to 6 drinks or 25–64 g per day; (f) highest vol-
ume drinkers, 6 drinks or 65 g or more per day. For open-
ended top categories (e.g., ≥6 drinks/day), we added three
quarters of the range of the next lowest category to the lower
bound (e.g., if 3 to 5 drinks, this would be 6 + [5 – 3] × 0.75
= 7.5; Roerecke & Rehm, 2012).

Misclassification of former and occasional drinkers as
abstainers. Studies were coded as to whether one, both, or
neither of these errors were present, as follows: (a) abstainers
contaminated by both occasional drinkers and former drink-
ers, (b) abstainers contaminated by occasional drinkers only,
(c) abstainers contaminated by former drinkers only, and
(d) abstainers not contaminated by either occasional drinkers
or former drinkers. Lifetime nondrinkers or lifetime abstain-
ers (World Health Organization, 2022) were those who never
drank one drink in their lifetime, and former drinkers were
those who had completely stopped by baseline interview and
were not lifetime abstainers (Fillmore et al., 2006; Stockwell
et al., 2016). Active drinkers or current drinkers were those
who drank at least one drink (defined here as 10 g of etha-
nol) in the previous year.

Following Fillmore et al. (2006) and Stockwell et al.
(2016), lifetime abstention was strictly defined as zero con-
sumption, or never drinking one drink, and could not include
studies with any level of occasional lifetime or past-year
drinking (e.g., less than 12 drinks or “rarely” or “hardly
ever” drinking). A rationale for this strict criterion is that
self-reported infrequent drinkers have often been shown to
underreport their personal consumption (Stockwell et al.,
2014; Ye et al., 2013). Furthermore, people stopping or cut-
ting down from any level of drinking, however small, may
be biased toward poorer health (Naimi et al., 2017).

Other study characteristics. Other study characteristics
were (a) study name, authors, and publication date; (b) coun-
try; and (c) sample characteristics including age, sex, study
and publication years, years of follow-up, health status,
whether participants were excluded if they had a current
illness or past IHD, drinking patterns (daily quantity and
frequency of drinking over different periods from past week
up to over lifetime).

Controlled covariates. Variables that were controlled in
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final models included age, gender, heart problems, general
health, smoking status, social economic status, and follow-up
duration.

Criteria for selecting studies of higher or lower quality for
separate meta-analyses

Based on our previously published theory of lifetime
selection bias (Naimi et al., 2017), we coded all studies in
terms of characteristics that might bias results toward low-
volume drinkers appearing to live longer than abstainers.
These comprised the following:

(a) Abstainer bias. Whether nondrinking reference groups
were contaminated with former and/or occasional drinkers
(Fillmore et al., 2006).

(b) Median cohort age. Whether cohorts were recruited at
younger (up to 55 years at enrollment) or older (>55 years)
ages. It was further stipulated that the younger cohorts had
to be followed up to at least 56 years of age to ensure that
they were assessed at an age at which protection against IHD
was possible.

(c) Baseline illness. We also contrasted subgroups of
studies that either did or did not exclude individuals with
prior health conditions: On the one hand, this might lead to
excluding unhealthy drinkers (Naimi et al., 2017); on the
other, it might lead to less contamination of the abstainer
reference groups by people who have cut down or stopped
for health reasons.

(d) Alcohol measurement. Whether measures of alcohol
consumption spanned at least the previous 30 days to more
reliably distinguish between current drinkers and abstainers.

(e) Smoking control. Given the well-established influences
of smoking status on mortality risk, we also contrasted stud-
ies that did or did not control for these variables.

(f) Socioeconomic status control. Given well-established
associations between SES and both mortality outcomes and
alcohol consumption patterns (Holmes et al., 2014), we
contrasted studies that either did or did not adjust for SES
in their final models.

Formal meta-analyses were then conducted for pre-
defined subgroups of studies of either lower or higher qual-
ity. It was not possible to apply all criteria simultaneously
because the number of eligible studies rapidly shrank with
additional inclusion criteria. Primary emphasis was given to
the first two criteria as being based on the strongest theoreti-
cal and empirical grounds (Naimi et al., 2017) and in our
pre-registered protocol.

Meta-analytic methods

RR estimates, hazard ratios, and rate ratios were convert-
ed to natural log-transformed formats to address skewness.
Between-study heterogeneity of RRs was assessed using
Cochran’s Q (Cochran, 1954) and the I2 statistic (Higgins &

Thompson, 2002). More details of the methods can be found
elsewhere (Zhao et al., 2023). Linear regression (Woodward,
2013) was used to estimate mean RRs for each drinking
level. Because significant heterogeneity was detected, mixed-
effects regression analyses were performed in which drinking
groups were treated as fixed effects with a random study
effect (Normand, 1999). The dependent variable was the
natural log of the RR for each drinking group in relation to
the abstainer category to deal with the skewed distribution of
the estimates (Woodward, 2013). All analyses were weighted
by the inverse of the estimated variance of the natural log
RR. Variance was estimated from reported standard errors,
confidence intervals, or number of deaths. The weights for
each individual study were created using the inverse variance
weight scheme and used in mixed regression analysis to get
maximum precision for the main results of the meta-analysis
(Woodward, 2013).

All significance tests assume two-tailed p values or a 95%
confidence interval (CI) for an RR estimate. All statistical
analyses were performed using SAS Version 9.4 (SAS Insti-
tute Inc., Cary, NC), and the SAS PROC MIXED procedure
was used to model the log-transformed RR of all-cause
mortality. The mean RR estimates of natural logarithmic
transformation were converted to exponential scales.

Results

Table 1 shows the number of studies with different
sample characteristics (e.g., gender of cohort, world region,
ethnicity) and meeting key quality criteria identified a priori
as potential sources of bias. Mean RR estimates of all-cause
mortality risk for low-volume drinkers were significantly
higher for studies that (a) used younger cohorts, (b) ex-
cluded potential participants with current or prior ill health,
(c) assessed alcohol use over less than 30 days, (d) did not
suffer from abstainer bias in the reference group, (e) did not
control for smoking status, and (f) did not control for SES.

Only 99 of the 107 studies provided results for low-
volume drinkers (i.e., 1.35–25 g ethanol/day), although some
did so for more than one cohort. Figure 1 depicts the con-
trasting estimates for six variables that differed significantly
between study subgroups.

In light of the significant differences between studies
that did or did not control for smoking status, we undertook
further exploratory analysis of studies that provided results
stratified by smoking status. Among six studies presenting
results specifically for nonsmokers, the RR for low-volume
drinkers was 1.16 (95% CI [0.91, 1.41]) compared with 0.93
(95% CI [0.71, 1.16]) for seven studies with results specifi-
cally for smokers (Table 1).

Table 2 presents outcomes for six studies assessed as
having the lower risk of lifetime selection bias using the two
key criteria identified in the preregistered study protocol
(Stockwell et al., 2021), namely, the absence of reference
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TABLE 1. Sample characteristics of included studies and mean relative risk (RR) estimates for all-cause mortality for people with low-
volume alcohol consumption (1.30 to <25 g /day) compared with abstainers, by selected study subgroup characteristics

All-cause mortality
studies (N = 107) Mean RR [95% CI]f

n n t test
Study characteristics studiesa % RRs % RR [95% CI] p

Mdn age of cohort at baseline
(follow-up to ≥56 years)

19–55 years 51 52.28 169 61.90 0.93 [0.88, 0.98] ref.
56–65 years 28 28.87 69 25.27 0.83 [0.75, 0.91] .0320
66–78 years 18 18.56 35 12.82 0.82 [0.71, 0.93] .0633

Mdn age of cohort at baseline
(follow-up to ≥60 years)

19–55 years 40 46.51 140 57.38 0.97 [0.91, 1.03] ref.
56–65 years 28 32.56 69 28.28 0.83 [0.75, 0.91] .0062
66–78 years 18 20.93 35 14.34 0.82 [0.71, 0.93] .0197

Mdn age of cohort at baseline
19–55 years 61 58.10 202 66.01 0.93 [0.89, 0.98] .0085
56–78 years 44 41.90 104 33.99 0.83 [0.76, 0.89]

Gender
Men only 66 47.14 141 46.08 0.88 [0.81, 0.93] .5215
Women only 45 32.14 106 34.64 0.95 [0.89, 1.01] .0573
Men and women 29 20.71 59 19.28 0.85 [0.76, 0.93] ref.

World region
North, Central America 40 40.00 130 42.48 0.90 [0.85, 0.96] .1406
Europe and Australia 48 48.00 149 48.69 0.91 [0.86, 0.96] .1103
Asia 12 12.00 27 8.82 0.80 [0.67, 0.92] ref.

Exclusion or control for poor healthb

Yes 44 44.00 136 44.44 0.97 [0.92, 1.03] .0004
No 56 56.00 170 55.56 0.84 [0.79, 0.89]

Alcohol use measurec

Higher quality 27 27.27 88 28.76 0.99 [0.92, 1.05] .0026
Lower quality 72 72.73 218 71.24 0.86 [0.82, 0.90]

Abstainer biasesd

Both former and occasion 46 46.46 121 39.54 0.82 [0.76, 0.88] .0004
Former drinker bias 27 27.27 89 29.08 0.92 [0.85, 0.99] .1465
Occasional drinker bias 8 8.08 18 5.88 0.89 [0.74, 1.04] .2550
Neither biasd 18 18.18 78 25.49 0.99 [0.92, 1.06] ref.

Control for smokinge

No 18 17.82 71 23.20 1.01 [0.93, 1.09] .0010
Yes 83 82.18 235 76.80 0.86 [0.82, 0.90]

Stratification by smoking status
Nonsmokers only 6 46.15 22 44.90 1.16 [0.91, 1.41] .1817
Smokers only 7 53.85 27 55.10 0.93 [0.71, 1.16]

Control for socioeconomic status
No 35 35.00 120 39.22 0.97 [0.92, 1.03] .0010
Yes 65 65.00 186 60.78 0.85 [0.80, 0.89]

Notes: Bold indicates statistical significance. CI = confidence interval; ref. = reference. aN studies do not add to 107 as some studies
did not include estimates for low-volume drinkers; also some studies provide results for more than one category (e.g., both men and
women), and therefore numbers may exceed 107 studies. bStudies with and without exclusion of subjects with existing heart disease
and/or other illnesses or control for this variable; also, some studies provide results for more than one category (e.g., both men and
women). cHigher quality QF measure = typical daily alcohol intake assessed for at least 30 days/1 month. dLifetime abstention was
strictly defined as zero consumption or never drank more than one drink and did not include studies with any level of occasional lifetime
or past year drinking (e.g., <12 drinks or “rarely” or “hardly ever” drinking). Former drinker bias was based on classifying former
drinkers as abstainers; occasional drinker bias was based on defining those drinking less than one drink per week as abstainers. eSmoking
status was adjusted for in multivariate regression analysis or by stratification in original studies. fUnadjusted mean RR estimates and
95% CIs for low-volume drinkers.

group/abstainer bias and use of a younger cohort followed up
to older age. The resulting RR for low-volume alcohol con-
sumption was 0.98 (95% CI [0.87, 1.11]), a point estimate
very close to 1.0.

In Table 3, adjusted RR estimates are presented for low-
volume drinkers for study subgroups meeting various qual-
ity criteria. Significantly lower all-cause mortality risk was
evident for low-volume drinkers in these studies for (a) the

entire pooled 107 studies and (b) models meeting combi-
nations of lower study quality criteria (i.e., older cohorts,
former and/or occasional drinker misclassification, and poor
alcohol use measures). The models only meeting one quality
criterion (i.e., sampling younger cohorts [less than or equal
to 55 years] or studies with no abstainer bias) still found a
significantly lower risk of all-cause mortality in adjusted
models (RR = 0.88 in both cases). However, when incorpo-
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FIGURE 1. Mean relative risk (RR) estimates in 95% confidence intervals (CIs) of all-cause mortality for low-volume drinkers versus
abstainers compared between different study subgroups

rating both of these quality criteria the RR was 0.98, close
to and not significantly different from 1.0. With the further
requirement of a higher-quality alcohol measure, the RR was
above 1.0 (RR = 1.04).

Figure 2 compares all-cause mortality risk estimates
graphically for low-volume alcohol consumption in the ad-
justed models presented in Table 3 for the 6 higher-quality
studies meeting the two main criteria (low cohort age, no
abstainer bias) versus 18 lower-quality studies meeting
neither. It illustrates significantly lower mortality risk for
low-volume drinkers in studies more prone to selection
bias, an effect that is not seen in the small subgroup of 6
higher-quality studies. Figure B5 in Appendix B contrasts
5 higher-quality studies reaching all three quality criteria
versus 15 lower-quality studies reaching no quality criteria,
finding significantly greater mortality risk at each drinking
level for higher-quality studies. Forrest plots of RR estimates
for low-volume drinkers are shown in Figures B1–B4 in the
appendices.

Discussion

The results confirm substantial variation in the extent to
which the alcohol and health benefit hypothesis is supported
in observational, cohort studies. They also identify charac-
teristics of studies that either mostly do or do not find lower
all-cause mortality risk associated with low-volume alcohol
use. Some of these characteristics were predicted based on
prior theory and evidence, whereas others were unexpected

and warrant further investigation. We now discuss how these
findings add to previous meta-analyses on alcohol and all-
cause mortality, consider whether they are consistent with
Naimi et al.’s (2017) theory of lifetime selection bias, specu-
late on the unexpected findings regarding smoking and SES,
and make suggestions for future research in this area.

Studies of alcohol use and all-cause mortality have pro-
vided one of the main platforms on which the health benefit
hypothesis rests (Fillmore et al., 2006), specifically, for the
well-known “J-shaped curve” describing the fall and rise
of mortality risk estimates as typical alcohol use increases
in comparison with abstainers. We present analyses here of
107 studies of alcohol use and all-cause mortality we previ-
ously identified by systematic review (Zhao et al., 2023).
That first paper concluded that the health benefit hypothesis
weakened as controls were introduced for key study-level
characteristics, including study characteristics that could
bias the abstainer reference group toward ill health. Here
we addressed the same research question by excluding from
the meta-analysis studies with characteristics that predis-
pose toward such bias (rather than just adjusting for these
characteristics). Results from these two approaches were
broadly consistent, although higher RRs were observed for
low-volume drinkers in the new analyses than before (e.g.,
RR = 0.98 vs. 0.93 in Zhao et al., 2023).

Using bivariate analyses, we first identified the follow-
ing study characteristics significantly associated with lower
mortality risk for low-volume drinkers: (a) use of older co-
horts, (b) presence of former and/or occasional drinker
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TABLE 2. Mean relative risk (RR) estimates of all-cause mortality due to alcohol consumption for subgroups of studies with
reduced risk of bias (cohorts recruited 55 years of age or younger and neither abstainer bias)

Partially adjustedc Adjustedd

Drinking categoriesa N/nb RR [95% CI] t test p RR [95% CI] t test p

Lifetime abstainer 1.00 1.00
All drinkers vs. abstainers 7/87 1.32 [1.06, 1.63] .0261 1.23 [0.95, 1.58] .0816
Former drinkers vs. abstainers 7/20 1.31 [1.11, 1.56] .0020 1.32 [1.13, 1.54] .0006
Active drinkers vs. abstainers 7/67 1.24 [1.12, 1.37] .0001 1.08 [0.95, 1.25] .2433
Lower (1.30 to <25 g/day) 6/38 1.10 [0.97, 1.24] .1329 0.98 [0.87, 1.11] .7203
Medium (25 to <45 g/day) 6/13 1.30 [1.05, 1.60] .0167 1.17 [0.98, 1.40] .0866
Higher (≥45 g/day) 7/16 1.60 [1.32, 1.94] .0001 1.51 [1.25, 1.82] .0001

Notes: Bold indicates statistical significance. CI = confidence interval. aStudy selection is restricted to median age of 55 years
or younger, followed until >55 years and neither abstainer bias. bN = number of studies, and n = number of risk estimates.
cAnalysis conducted on natural log of the relative risk (RR), rate ratio, or hazard ratio estimates. dEstimates further adjusted
for between-study variation.

TABLE 3. Relative risk (RR) and 95% confidence intervals (CIs) of all-cause mortality for low-volume drinkers (mean daily
drinking 1.3 to <25 g vs. “abstainers”) for lower and higher quality study subgroups

Partially adjustedc Adjustedd

Included studiesa N/nb RR [95% CI] t test p RR [95% CI] t test p

All 107 studies 99/306 0.85 [0.82, 0.88] .0001 0.86 [0.83, 0.88] .0001
Lower quality study subgroups

Cohort age = ≥56 years 44/104 0.79 [0.74, 0.84] .0001 0.84 [0.81, 0.87] .0001
Two abstainer biases 46/121 0.81 [0.77, 0.85] .0001 0.85 [0.81, 0.89] .0001
≥56 year + both biases 18/33 0.81 [0.75, 0.88] .0001 0.84 [0.79, 0.89] .0001
≥56, two biases + poor QF 15/23 0.81 [0.73, 0.90] .0001 0.83 [0.77, 0.90] .0001

Higher quality study subgroups
Cohort age = ≤55 years 51/169 0.88 [0.84, 0.93] .0001 0.88 [0.84, 0.92] .0001
No abstainer bias 18/78 0.88 [0.80, 0.98] .0182 0.88 [0.81, 0.95] .0011
≤55 years + no biase 6/38 1.10 [0.97, 1.24] .1329 0.98 [0.87, 1.11] .7203
≤55 years, no biase + good QF 5/34 1.14 [1.00, 1.29] .0470 1.04 [0.95, 1.15] .3603

Notes: Bold indicates statistical significance. aStudy selection criteria: median cohort age = ≥56 years at baseline or age ≤55
years and followed up to at least 55 years. Both former and occasional drinkers misclassified as abstainers. No abstainer
bias = neither former nor occasional drinkers misclassified as abstainers. Higher quality quantity-frequency (QF) measure =
typical daily alcohol intake assessed for at least 30 days/1 month. bN = number of studies, and n = number of risk estimates.
cAnalysis conducted on natural log of the RR, rate ratio, or hazard ratio estimates. dEstimates further adjusted for between-
study variation. e“No bias” means “no abstainer bias.”

bias in abstainer reference groups, (c) poor quality alcohol
use measures, (d) including individuals with pre-existing
health conditions, (e) controlling for smoking status, and
(f) controlling for SES. These analyses are only indicative
of potentially critical variables as they only control for one
study characteristic at a time. However, findings (a) and (b)
above are consistent with our hypothesis based on the theory
advanced by Naimi et al. (2017) that systematic biases accu-
mulating over the life course create the appearance of health
benefits among low-volume drinkers through comparisons
with reference groups of increasingly unhealthy “abstainers,”
many of whom have given up or cut down on their alcohol
use for health reasons. As predicted and specified in the
preregistered protocol (Stockwell et al., 2021), studies with
characteristics that increase the risk of lifetime selection
bias (older cohorts, both drinker biases) showed significantly
lower all-cause mortality risk. Conversely, the small number
of studies with two quality criteria (younger cohorts followed
up to older age, no former/occasional drinker bias) showed
no evidence of lower mortality risk (RR = 0.98). However,

significantly lower mortality risk was observed for studies
that only met one of these criteria (RR = 0.88 in both cases).
Notably, neither of these criteria alone can remove all po-
tential selection biases: The chosen cutoff of 55 years for
baseline cohort age is quite high, and abstainer biases cannot
be fully corrected unless former drinkers are reallocated to
drinking groups. More higher-quality studies are needed to
confirm this pattern of results.

Other study characteristics associated with lower mortal-
ity risk included weak measures of alcohol consumption at
baseline (less than 30 days coverage), a failure to exclude
people with health conditions at baseline, and including
controls for smoking status and SES. Control for smoking
status is an almost universal practice in these studies, given
evidence that it likely confounds the relationship between
alcohol use and mortality by being both associated with
alcohol use (Bitty-Anderson et al., 2019; Drobes, 2002;
Jackson et al., 2002) and a strong, independent predictor
of mortality. However, there is also evidence that tobacco
use may mediate the relationship between alcohol use and
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FIGURE 2. Weighted relative risks (RRs) of all-cause mortality adjusted for between-study variation for drinkers versus
nondrinkers in 6 higher- and 18 lower-quality studies

mortality. For example, it has been reported both that alcohol
use is a predictor of smoking initiation among adolescents
(Jackson et al., 2002) and that drinking alcohol increases the
craving for smoking tobacco among heavy drinkers (Sayette
et al., 2005). A recent systematic review (van Amsterdam &
van den Brink, 2023) found evidence that reduced alcohol
consumption is associated with successful smoking cessa-
tion. Future research in this area should investigate whether
smoking is a true confounder, a modifier, or a mediator of
alcohol-related mortality as model misspecification could
lead to erroneous estimates of alcohol-related harm. Alterna-
tive direct acyclic graphs for the possible underlying causal
relationships are illustrated in Figure 3.

We explored the role of smoking status further using a
subgroup of six studies that stratified analyses by smoking
status. These found no evidence of lower mortality risk for
low-volume drinkers with an RR point estimate substantially
higher than 1.0 (M = 1.16, 95% CI [0.91, 1.41]). Therefore,
we suggest that future research using a high-quality longitu-
dinal data set could explore further whether adjustment for
smoking status may result in creating the appearance of a
J-shaped relationship between the level of alcohol use and
mortality risk. In addition, this hypothesis would predict that
with the declining prevalence of smoking, apparent health-
protective effects should become less evident.

There are also known complex associations between SES,
mortality, and alcohol consumption. None of the 107 studies

presented stratified results by SES to investigate these fur-
ther. However, a recent population-level Swedish study esti-
mated a highly positive and significant association between
the level of alcohol consumption and mortality risk for low
SES individuals, a weaker positive association for medium
SES individuals, and no association for high SES individu-
als (Norström & Landberg, 2023). Interactions between SES
and mortality risk from alcohol in these cohort studies also
warrant further investigation in high-quality longitudinal data
sets.

We suggest that our main findings present further support
for the existence of lifetime selection biases in cohort stud-
ies of alcohol and mortality creating the false appearance
of health benefits from moderate drinking. As individuals
age, it has been repeatedly shown that those who cut down
or completely stop alcohol use are prone to ill health, thus
rendering those who continue drinking to look healthy by
comparison. We found that subgroups of studies least likely
to be biased had no significant reduction of mortality risk
among lower-volume drinkers. Conversely, subgroups of
studies more likely to be biased showed substantial apparent
health benefits.

The present study, an extension of Zhao et al. (2023),
is essentially a study of the methodological limitations
and resulting biases that affect mortality risk estimates in
observational, longitudinal research. We note, however, fur-
ther limitations to our analyses and methods. The bivariate
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FIGURE 3. Directed acyclic graph showing alternative causal relationships between alcohol use, smoking, and risk
of all-cause mortality

exploratory analyses presented in Table 1 are not controlled
for multiple study characteristics and can only be considered
suggestive for further, more robust analyses. There remain
very few higher-quality studies meeting the strict criteria we
have laid out. Many studies have canvassed levels of alcohol
use over the previous week or even just 2 or 3 days. This

introduces great uncertainty into the assessment of whether
participants were drinkers or nondrinkers as well as in the
level of alcohol use. Finally, as outlined by Paradis et al.
(2023), studies of alcohol and all-cause mortality are too
prone to bias and confounding to form a sound basis for
guidelines for low-risk consumption. As well, our categories
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of daily alcohol consumption (lower, medium, and higher)
are too broad to precisely define drinking levels at which
mortality risk is significantly increased.

Conclusions

Apparent health benefits can be consistently created
through studies that bias the abstainer reference group to-
ward ill health. The relatively few published studies meeting
minimal quality criteria to avoid this problem do not show
significantly lower mortality risk for low-volume drinkers.
The identified sources of bias here pervade the field of alco-
hol epidemiology and have confused public communications
and alcohol and health risks. In addition, studies of non-
smokers find no J-shaped curve. Future research should in-
vestigate whether adjustment for smoking status and/or SES
is always appropriate or whether it may bias low-volume
drinkers toward appearing healthier than current abstainers.
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