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ABSTRACT. Objective: Previous meta-analyses of cohort studies 
indicate a J-shaped relationship between alcohol consumption and all-
cause mortality, with reduced risk for low-volume drinkers. However, 
low-volume drinkers may appear healthy only because the “abstainers” 
with whom they are compared are biased toward ill health. The purpose 
of this study was to determine whether misclassifying former and oc-
casional drinkers as abstainers and other potentially confounding study 
characteristics underlie observed positive health outcomes for low-
volume drinkers in prospective studies of all-cause mortality. Method: A 
systematic review and meta-regression analysis of studies investigating 
alcohol use and mortality risk after controlling for quality-related study 
characteristics was conducted in a population of 3,998,626 individuals, 
among whom 367,103 deaths were recorded. Results: Without adjust-
ment, meta-analysis of all 87 included studies replicated the classic 
J-shaped curve, with low-volume drinkers (1.3–24.9 g ethanol per 
day) having reduced mortality risk (RR = 0.86, 95% CI [0.83, 0.90]). 

Occasional drinkers (<1.3 g per day) had similar mortality risk (RR = 
0.84, 95% CI [0.79, 0.89]), and former drinkers had elevated risk (RR 
= 1.22, 95% CI [1.14, 1.31]). After adjustment for abstainer biases and 
quality-related study characteristics, no signifi cant reduction in mortality 
risk was observed for low-volume drinkers (RR = 0.97, 95% CI [0.88, 
1.07]). Analyses of higher-quality bias-free studies also failed to fi nd re-
duced mortality risk for low-volume alcohol drinkers. Risk estimates for 
occasional drinkers were similar to those for low- and medium-volume 
drinkers. Conclusions: Estimates of mortality risk from alcohol are 
signifi cantly altered by study design and characteristics. Meta-analyses 
adjusting for these factors fi nd that low-volume alcohol consumption has 
no net mortality benefi t compared with lifetime abstention or occasional 
drinking. These fi ndings have implications for public policy, the formula-
tion of low-risk drinking guidelines, and future research on alcohol and 
health. (J. Stud. Alcohol Drugs, 77, 185–198, 2016)
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THERE HAS BEEN INCREASING DISCUSSION 
within the fi eld of alcohol epidemiology regarding the 

scientifi c status of claimed health benefi ts from the con-
sumption of alcohol in relatively low doses (Chikritzhs et al., 
2015; Holmes et al., 2014). The status of the hypothesis that 
alcohol in moderation confers health benefi ts has implica-
tions for estimations of the global burden of disease from 
alcohol (Lim et al., 2012) and the development of public 
health policies to reduce alcohol’s harm (Babor et al., 2010) 
and national guidelines for low-risk alcohol use (Stockwell 
& Room, 2012).
 It has been suggested that the epidemiological (Ronks-
ley et al., 2011) and physiological evidence (Brien et al., 
2011) for both an association and a causal mechanism 
is suffi ciently compelling to recommend consideration 

of advising abstainers to drink. However, an increasing 
number of questions have been raised about the quality of 
the studies contained in these meta-analyses. We fi rst sum-
marize some reasons for skepticism and then present new 
meta-analyses that explore the extent to which alternative 
study designs enhance or minimize associations indicative 
of health benefi ts.

Theoretical and empirical background

 Evidence of health benefi ts from alcohol use has been 
reported for implausible types and numbers of health 
conditions in observational longitudinal studies. Fekjaer 
(2013) identifi ed a long list of such conditions (including 
deafness, hip fractures, the common cold, cancers, birth 
complications, dementia, and liver cirrhosis) in which the 
classic J-shape curve was observed, with lower risk for 
low-volume drinkers compared with abstainers. In some 
cases—notably a reduced likelihood of alcoholic liver cir-
rhosis among low-volume drinkers (Rehm et al., 2010) and 
of developmental disorders of infants born of low-volume 
drinking mothers (Kelly et al., 2009)—a causal basis for 
such associations is highly unlikely. These fi ndings raise 
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the question as to whether a range of lifestyle and/or ge-
netic confounding factors that favor “moderate drinkers” 
over abstainers are responsible.
 Naimi et al. (2005) reported that 27 (90%) of 30 potential 
adverse confounders for coronary heart disease were more 
prevalent among abstainers than among moderate drink-
ers. Fillmore et al. (2006) classifi ed prospective studies on 
alcohol and health according to their defi nition of “an ab-
stainer” (i.e., the reference group that all classes of drinker 
are typically compared with in these studies). They reported 
that when studies explicitly excluded former and occasional 
drinkers from the abstainer reference group, there was lim-
ited evidence of protection from moderate alcohol con-
sumption. The underlying theory was that as people age and 
become unwell, they are more likely to quit or substantially 
reduce their alcohol consumption, leading to an exaggeration 
of the already poor health profi les of abstainers (Kerr et al., 
2002; Shaper et al., 1988).
 Consistent with this view, Mäkelä et al. (2005) showed 
that reclassifying former drinkers as abstainers, thereby 
placing them in the reference group, markedly lowered the 
relative risk (RR) estimates for all active drinkers. Taking a 
more rigorous approach to the role of potential bias caused 
by former drinkers, Liang and Chikritzhs (2013) argued that 
former drinkers should be combined with current drinkers 
when drinking groups are compared with lifelong abstainers 
and that bias is not eliminated by merely separating former 
drinkers from abstainers.
 A recent investigation of a large cohort from the Euro-
pean Prospective Investigation into Cancer (EPIC; Bergmann 
et al., 2013) used an analysis that took into account mortality 
risks from multiple and competing causes at multiple points 
over the life course. A reduced risk of death from heart 
disease was associated with alcohol consumption, but only 
when study participants with a history of ill health were ex-
cluded from analysis. Such exclusions are often conducted to 
mitigate confounding but may also be a source of selection 
bias. The authors concluded: “The apparent health benefi t of 
low to moderate alcohol-use found in observational studies 
could therefore in large part be due to various selection bi-
ases and competing risks, which are related to both lifetime 
alcohol use and risk of disease, usually occurring later in 
life” (Bergmann et al., p. 1789).
 Competing risks are also an issue for studies of all-cause 
mortality because the comparative risk of different diseases 
varies across the life course (e.g., coronary disease usually 
occurs later in life than does injury, cancer, or liver disease). 
This in turn creates selection bias in the sampling of indi-
viduals available to participate in cohort studies, especially 
in older cohorts (Stockwell & Chikritzhs, 2013).
 The kinds of methodological problems identifi ed above 
are quite common in this literature, in particular the practice 
of misclassifying former and occasional drinkers as abstain-
ers (Stockwell et al., 2012).

Objective and overall analytic strategy

 The purpose of the current study was to investigate the 
extent to which abstainer reference group bias (e.g., mixing 
former and occasional drinkers with abstainers) and other 
potential study-level confounders infl uence the risk rela-
tionship between alcohol use and mortality. Changes in RR 
estimates will also be examined after progressively excluding 
studies from meta-analyses based on theory-driven meth-
odological design problems outlined in previous critiques 
(Stockwell & Chikritzhs, 2013; Stockwell et al., 2012). 
Consistency of results across these different analyses will 
be assessed to address the question as to whether low-dose 
alcohol consumption provides net protection in relation to 
all-cause mortality.

Method

Overall approach

 We performed a systematic review following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines (Moher et al., 2009) on 
original prospective studies concerning the association 
between alcohol consumption and all-cause mortality. The 
study protocol was fi rst approved as an R01 grant appli-
cation to the U.S. National Institutes of Health (Award # 
1RO1AAO19939–02) and is presented as online Appendix 
A. (See “Supplementary Materials” available with this article 
online.) The codebook is also available from the authors on 
request.

Inclusion criteria

 Included studies were original English-language research 
articles published in the peer-reviewed literature that quanti-
fi ed the relationship between all-cause mortality and alcohol 
consumption among human populations in cohort studies. 
All genders, age groups, and subjects from any racial, eth-
nic, cultural, or religious groups were eligible for inclusion, 
regardless of geographic region. Studies were excluded if 
all-cause mortality outcomes could not be separated from 
morbidity outcomes. Studies were also excluded if the 
sample was defi ned in terms of pre-existing illness or poor 
health status. When more than one publication of the same 
study was available, the most recent or comprehensive in its 
treatment of potential bias and confounding was selected.

Data sources

 We identifi ed all potentially relevant English-language 
articles published up to December 31, 2014, by searching 
PubMed (last searched February 25, 2015) and the Web of 
Science and through reference list cross-checking of previ-
ous meta-analyses.



 STOCKWELL ET AL. 187

Search strategy

 We used the following key words and subject headings 
to identify relevant articles in electronic databases: [mor-
tality OR death OR coronary heart disease OR coronary 
artery disease OR ischemic heart disease OR atherosclerotic 
heart disease] AND [alcohol OR consumption OR ethanol 
OR alcohol drinking] AND [cohort OR prospective OR 
longitudinal].

Study selection

 Two trained reviewers read the titles of all the citations 
retrieved from the electronic database searches and removed 
those clearly unrelated to the relationship between mortality 
and alcohol consumption. At the next stage of study selec-
tion, abstracts were reviewed to further exclude studies that 
clearly did not meet inclusion criteria. At the third stage, the 
full articles were checked for eligibility with cross-checking 
by senior investigators. Reasons for exclusion were docu-
mented at each stage. The reference lists from two previous 
meta-analyses—Fillmore et al. (2006) and Ronksley et al. 
(2011)—also were searched for additional eligible studies 
that would not otherwise have been included.

Data extraction

 Two reviewers extracted and coded data from all studies 
fulfi lling the inclusion criteria, and any disagreements were 
resolved by discussion with the investigators. The original 
Fillmore et al. (2006) codebook was refi ned to provide more 
detailed classifi cations of the type of reference groups used 
and methods of quantifying alcohol consumption and study 
characteristics. The coding of all variables in the analysis 
presented here was double-checked by the fi rst two authors 
(T.S. and J.Z.).

Data items

 Summary measures of outcome. The outcome of interest 
was defi ned as all-cause mortality. Hazard ratios and rate 
ratio estimates of mortality in individual studies were used 
as the RR estimates. Where studies only reported mortality 
rates, these were converted to RR estimates (Woodward, 
2000). When occasional drinkers were the reference category 
and risk for abstainers was independently assessed, risk val-
ues were recalculated with abstainers as the reference group 
(Fillmore et al., 2006).
 Measures of alcohol consumption. The primary exposure 
variable of interest was mean daily alcohol consumption in 
grams of ethanol assessed at baseline. When studies did not 
defi ne the grams of alcohol per unit or drink, we used pub-
lished sources for country-specifi c estimates of typical drink 
size varying from 8 g in the United Kingdom to 19.75 g in 

Japan (see Appendix A) (International Center for Alcohol 
Policies, 2010; Turner, 1990).
 We converted alcohol intake into grams per day using 
the midpoints of reported categories. For open-ended top 
categories (e.g., ≥6 drinks/day) we followed other meta-
analysts by adding three quarters of the range of the next 
lowest category to the lower bound (e.g., if 3–5 drinks, this 
would be 6+((5–3) × 0.75) = 7.5) (Roerecke & Rehm, 2012). 
It was necessary to make some assumption or estimate of 
mean consumption for these upper unbounded categories.
 We used a predetermined defi nition of “low-volume” 
drinking (up to 20 g of ethanol per day for both men and 
women) against which to test the health benefi ts hypothesis 
based on Australian National Health and Medical Research 
Council low-risk drinking guidelines (National Health and 
Medical Research Council of Australia, 2009). This was 
operationalized as up to 24 g per day given that respondents 
in the studies reported whole drinks rather than grams: 24 g 
per day is closer to two than three 10-g standard drinks per 
day. We used the broad defi nition of “occasional drinking” as 
less than one drink per week, because few studies reported 
outcomes for drinking less than monthly.

Quality assessment

 To identify potential study-level covariates to be con-
trolled in multivariable meta-regression analyses (Greenland, 
1998; Normand, 1999), each study was coded for publication 
year, sample size, population characteristics (age, gender, 
country), and whether covariates (e.g., smoking status, 
previous illness) were controlled for in individual studies. 
Covariates available for all selected studies were median 
age of study participants at fi rst assessment, sex, country in 
which a study was conducted, date a study was conducted, 
number of years of follow-up, whether persons with previous 
illnesses were excluded, and quality of the measure used for 
typical daily alcohol intake.
 On theoretical grounds, it was expected that a long fol-
low-up period, inclusion of individuals with previous illness-
es, and an earlier age at intake would be study characteristics 
that reduce selection biases (Bergmann et al., 2013; Stock-
well & Chikritzhs, 2013). Studies were classifi ed according 
to the presence or absence of two key types of potential bias: 
(a) including former drinkers and/or (b) including occasional 
drinkers in the abstainer reference category.
 Following Fillmore et al. (2006), lifetime abstention was 
strictly defi ned as zero consumption and did 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). Such self-reported infrequent drinkers have 
been shown to greatly underreport their personal consump-
tion (Stockwell et al., 2014; Ye et al., 2013). When studies 
assessed usual or typical drinking patterns over a month or a 
week, it was assumed that individuals classifi ed as abstain-
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ers by this method would include occasional drinkers (e.g., 
abstaining in a typical week is still consistent with drink-
ing less than once a week). We coded a drinking measure 
as “adequate” for the purpose of estimating average daily 
alcohol intake if both quantity and frequency of drinking 
were assessed for a period of at least 1 week. Given that 
simple quantity–frequency measures of drinking typically 
result in substantial underreporting (e.g., Stockwell et al., 
2014), we recognize these are minimal criteria for adequacy 
of measurement, necessitated by the poor overall quality of 
drinking measures in this literature.

Analyses

 Visual inspection of the data suggested the presence of 
extreme outliers among estimates of the risk of all-cause 
mortality from drinking. Estimates of RR were classifi ed 
as “extreme” when they were outside of the interval of the 
sample mean of natural log RR ± 2 times the standard de-
viation of estimates within each drinking category (Acuna 
& Rodrigues, 2014; Pagano & Gauvreau, 2000; Wood-
ward, 2000). This procedure identifi ed 11 risk estimates 
signifi cantly below the mean (RR range: 0.1–0.46) and 
18 risk estimates markedly higher (OR range: 1.89–4.57). 
Compared with other available methods (Cook & Weisberg, 
1982; Viechtbauer & Cheung, 2010), this is a conservative 
approach excluding relatively few risk estimates. Removal 
of outliers made no substantive difference to the results; 
therefore, models are presented without any outlier estimates 
excluded.
 Publication bias was assessed fi rst through visual inspec-
tion of the funnel plot of log-RR of all-cause mortality due 
to alcohol consumption against the inverse standard error of 
log-RR (see Figure C1 in Appendix C) (Woodward, 2000), 
and also by Egger’s linear regression method (Egger et al., 
1997). We also assessed between-study heterogeneity of RRs 
using Cochran’s Q (Cochran, 1954) and the I2 statistic (Hig-
gins & Thompson, 2002). When signifi cant heterogeneity 
was detected, mixed-effects models were used to obtain the 
summarized RR estimates.
 Mixed regression analyses were performed in which 
drinking groups and control variables were treated as fi xed 
effects with a random-intercept study effect (Normand, 
1999). The dependent variable was the natural log of the RR 
estimated using the rate ratio or hazard ratio of each drink-
ing group in relation to the abstainer category. Analyses 
were weighted by the inverse of the estimated variance of 
the natural log RR. Variance was estimated from reported 
standard errors or confi dence intervals (CIs). The weights 
for each individual study were created using the inverse 
variance weight method used in mixed regression analysis 
in order to get maximum precision for the main results of 
the meta-analysis (Woodward, 2000). Studies with large or 
small estimates and/or variance can be highly infl uential. 

Sensitivity analyses also were run after excluding such stud-
ies to detect infl uential cases (Woodward, 2000).
 Drinking levels were examined in terms of predefi ned 
specific consumption levels. Drinking categories were 
defi ned as (a) lifetime abstainers; (b) former drinkers now 
completely abstaining; (c) current occasional drinkers, up to 
one drink per week (<1.30 g per day); (d) low-volume drink-
ers, up to two drinks or 1.30–24.9 g per day; (e) medium-
volume drinkers, up to four drinks or 25–44.9 g per day; (f) 
high-volume drinkers, up to six drinks or 45–64.9 g per day; 
and (g) higher volume drinkers, more than six drinks or 65 g 
per day. The adequacy of methods used by studies also was 
assessed against minimal quality criteria as discussed above.
 Median cohort age, sex, country, quality of drinking mea-
sure, and abstainer bias variables were included as covariates 
in adjusted models. The country in which a study was con-
ducted was dichotomized into those with mainly Caucasian 
populations versus without variable to refl ect evidence that 
health protection from moderate drinking was more likely to 
be observed among Caucasians (Kerr et al., 2011).
 Other covariates were selected for inclusion on empirical 
grounds based on p values of bivariable tests of the natural 
log-RR and each covariate, and signifi cant correlations with 
other variables. Based on bivariable analysis of the data set, 
any variable producing a bivariable test result with p < .20 
was considered a candidate for the multivariable regression 
analyses of the natural log-RR of all-cause mortality and alco-
hol consumption (Hosmer & Lemeshow, 2000). Independent 
variables with particularly high intercorrelations (>.30) were 
identifi ed, less precise measures were excluded (Stokes et al., 
2000), and the variable pool was reduced to avoid synony-
mous variables and collinearity (Pagano & Gauvreau, 2000).
 Median age of a study cohort was treated as a continuous 
variable, whereas other variables with fi xed multiple response 
options were all reduced to two or three category variables 
(see Table 1 and Table D1 in online Appendix D) to remove 
options with few or no values and to make the models more 
effi cient. Median age of the study population at intake, 
gender, or being a mainly Caucasian versus non-Caucasian 
population were tested as possible effect modifi ers of the 
relationship between alcohol consumption and mortality. 
No signifi cant interactions were observed; therefore, pooled 
meta-analyses of all studies are presented.
 All signifi cance tests assumed two-tailed p values or 95% 
CIs. All statistical analyses were performed using SAS Ver-
sion 9.3 (SAS Institute Inc., Cary, NC), and the SAS PROC 
MIXED procedure was used to model the log-transformed 
RR.

Synthesis of results

 We used three separate meta-analytical approaches to 
explore the role of abstainer biases caused by drinker mis-
classifi cation errors and other predetermined study quality 
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variables. For the fi rst approach (Table 3), analyses were con-
ducted on all 87 studies with the effects of various abstainer 
biases controlled for by inclusion of covariates in all models. 
Second, stratifi ed meta-analyses were performed on four 
distinct subsets of studies grouped according to the num-
ber and type of abstainer biases present (Table 4). A third 
approach (Table 5) modeled only studies that met stricter 
quality criteria; that is, the analysis included studies in which 
only strictly defi ned lifetime abstainers were included in the 
reference group, there was an adequate measure of mean 

daily alcohol volume, smoking status was controlled for, and 
median age of the study population was less than 60 years at 
intake (to minimize lifetime selection biases at enrollment) 
and at least 55 years at follow-up (i.e., an age at which coro-
nary heart disease and hence potential health protection may 
occur). Sensitivity analyses were conducted in which studies 
were excluded one at a time to determine if they were infl u-
ential in the signifi cance of observed estimates. Synthesis 
of results essentially involved examining the consistency of 
results across these three analytic strategies.

FIGURE 1. Flow chart of systematic search process for studies of alcohol consumption and risk of all-cause mortality. CHD = coronary heart disease.
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Results

Study selection

 Of the 2,662 studies initially identifi ed, 87 satisfi ed the 
criteria for meta-analysis on all-cause mortality outcomes 
after further removing studies for reasons identifi ed in Figure 
1. Citations and details of all included studies can be found 
in Tables B1–4 in online Appendix B.

Study characteristics including controls for potential bias

 The 87 selected studies included a total of 523 esti-
mates of the risk relationships between levels of alcohol 
consumption and all-cause mortality. Among these, 30 
studies reported separate estimates for men and women, 
31 for men only, 7 for women only, and 19 for both com-
bined. Only 13 of these studies (127 risk estimates) were 
coded as free of abstainer biases because they strictly 
defi ned lifetime abstainers as the reference group. Table 1 
summarizes these and other study characteristics. A sum-
mary of potentially confounding variables controlled for 
or not in each study is provided in online Appendix D 
(Table D1).

Results of individual studies

 Two forest plots illustrate the range of RR estimates for (a) 
any level of drinking (Figure C2 in online Appendix C) and 
(b) low-volume drinking (Figure 2) across individual studies 
(Woodward, 2000). Consistent with most previous meta-
analyses, these indicate (a) a wide range of estimates across 
different studies and (b) mean estimates for low-volume drink-
ing signifi cantly below unity, indicating health protection in 
comparison with abstainers. When all drinking outcomes are 
considered collectively in each study and compared against 
those for abstainers, no signifi cant overall difference is ob-
served, although again there is great variation across studies 
(see also Figure C2 in online Appendix C).

Synthesis of results

 Pooled estimates of all-cause mortality with limited 
adjustment. Table 2 presents mean estimates of all-cause 
mortality risk by level of alcohol intake with standard ad-
justments only for both precision and between-study varia-
tion in estimates. Analyses of simple RR means indicated a 
signifi cant protective effect for both low-volume (RR = 0.86, 
95% CI [0.83, 0.90], p < .0001) and occasional drinkers 

TABLE 1. Characteristics of all studies included in meta-analyses on alcohol use and all-cause mortality

Sample size

 Studies (N = 87) Risk estimates (N = 523)

Study characteristics n % n %

Gender
 Male 61 52.14 276 52.77
 Female 37 31.62 178 34.03
 Both 19 16.24 69 13.19
Age (Mdn = 54.5 years, SD = 10.5)
 19–49 32 36.78 189 36.14
 50–59 29 33.33 194 39.09
 60–78 26 29.89 140 26.77
Mainly Caucasian vs not
 North America, Europe, Australia 77 88.51 460 87.95
 Japan, China, India 10 11.47 63 12.05
Years of follow-up (M = 13.4 years, SD = 6.6)
 3.7–9 37 42.53 191 36.52
 10–15 22 25.29 178 34.03
 16–40 28 32.18 154 29.45
Disease
 No exclusion 53 60.92 320 61.19
 Unhealthy excluded 34 39.08 203 38.81
Daily alcohol intake measure
 Adequate 64 73.56 394 75.33
 Not adequate 23 26.44 129 24.67
Studies with abstainer biasesa

 Both former and occasional drinker biases 41 47.13 180 34.42
 Former drinker bias only 24 27.59 140 26.77
 Occasional drinker bias only 9 10.34 76 14.53
 No bias 13 14.94 127 24.28

Notes: Mdn = median. aBoth = studies in which reference group included both former and occasional drinkers; 
former = studies in which reference group included former drinkers; occasional = studies in which reference group 
included occasional/low-volume but not former drinkers, and no bias = studies in which the reference group only 
included lifetime abstainers.
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FIGURE 2. Estimates of the relative risk of all-cause mortality associated with low-volume drinking in 
81 studies. CI = confi dence interval.
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(RR = 0.84, 95% CI [0.79, 0.89], p < .0001). Signifi cantly 
increased risk was evident for former (RR = 1.22, 95% CI 
[1.14, 1.31], p < .0001), high-volume (RR = 1.12, 95% CI 
[1.07, 1.17], p < .0001), and higher volume drinkers (RR = 
1.29, 95% CI [1.22, 1.36], p < .0001). There was signifi cant 
heterogeneity across studies (p < .001) for all drinking cat-
egories using the Q statistic and with I2 estimates also all 
signifi cant and above 50%. No signifi cant publication bias 
was detected using Egger’s linear regression tests at the .05 
signifi cance level for individual drinking categories or all 
drinkers combined.
 Table 2 also presents RR estimates using occasional 
drinkers instead of abstainers as the reference, as recom-
mended by some prominent researchers (Rehm et al., 2008). 
The methodology for these estimates is detailed in Box 1, 
online Appendix A. Compared with occasional drinkers, in 
this model abstainers were at signifi cantly higher risk (RR = 
1.19, 95% CI [1.12, 1.27], p < .0001), low-volume drinkers 
were not at signifi cantly different risk (RR = 1.02, 95% CI 
[0.95, 1.10]), and all drinkers combined were at signifi cantly 
higher risk (RR = 1.24, 95% CI [1.08, 1.42], p = .0133).
 Pooled estimates of all-cause mortality after adjustment. 
Table 3 illustrates two further mixed models with suc-
cessive adjustments for (a) the precision of estimates and 
between-study variation and (b) the addition of key study 
characteristics treated as covariates. In fully adjusted mod-
els no signifi cant protection was estimated for occasional 
(RR = 0.95, 95% CI [0.85, 1.05]), low-volume (RR = 0.97, 
95% CI [0.88, 1.07]), or medium-volume drinkers (RR = 
1.07, 95% CI [0.97, 1.18]). In each model, both former 
and high-volume drinkers showed a signifi cantly elevated 
risk of all-cause mortality. The same pattern of results was 
obtained in sensitivity analyses after elimination of outliers 
(not reported).
 Figure 3 summarizes the changes in the all-cause mortal-
ity RR estimates for low-volume drinkers after successive 

inclusion of key covariates. As controls for abstainer biases 
and key covariates are removed, the RR estimate changes 
from 0.97 (95% CI [0.88, 1.07]) down to 0.86 (95% CI [0.83, 
0.90]). Further details of the impact of removing individual 
covariates from the model are shown in online Appendix E, 
which confi rms the importance of former drinker bias while 
suggesting that occasional drinker bias may be less infl uential.
 Estimates of all-cause mortality risk among studies strati-
fi ed by abstainer bias. Although all models using studies 
with at least one abstainer bias showed evidence of health 
benefi ts, the risk of all-cause mortality for low-volume 
drinkers in bias-free studies (Model 4 in Table 4) was not 
signifi cantly reduced, although the RR was below unity. By 
contrast, mortality risk was signifi cantly elevated among 
higher volume drinkers as well as former drinkers in these 
models. The available estimates for occasional drinkers (only 
Model 2 and Model 4 in Table 4) found no signifi cant reduc-
tion or elevation in risk of all-cause mortality. Similar results 
were obtained in sensitivity analyses excluding outliers.
 Meta-analysis of higher quality studies. As shown in 
Table 5, meta-analysis of seven higher quality studies free 
from abstainer bias indicated no signifi cantly altered risk of 
all-cause mortality for any drinking group with the exception 
of a raised risk for higher volume drinkers (RR = 1.58, 95% 
CI [1.05, 2.38], p = .0295). Sensitivity analysis that each 
excluded just one study at a time identifi ed Friesema et al. 
(2007) as being highly infl uential. The analysis of outliers 
in the pooled sample of 87 studies also identifi ed 6 of the 8 
estimates in this study as extreme outliers.
 When this study was removed, all RR estimates in-
creased with both former (RR = 1.31, 95% CI [1.11, 1.55], 
p = .0022) and medium-volume drinkers (RR = 1.29, 95% 
CI [1.06, 1.56], p = .0106) having signifi cantly elevated 
all-cause mortality risk. The risk estimate for low-volume 
drinkers was close to unity (RR = 1.04, 95% CI [0.95, 
1.15]). Results were otherwise stable after removal of each 

TABLE 2. Weighted mean relative risk (RR) estimates of all-cause mortality adjusted for between-study variation for different categories of drinkers compared 
with abstainers (N = 87 studies and 523 risk estimates) with tests of publication bias and heterogeneity, but not adjusted for study characteristics

 n of n of risk   Heterogeneity I2

Drinking categories studies estimates RR [95% CI] t test p % [95% CI] RR [95% CI] t test p

Abstainer   1.00   1.19 [1.12, 1.27] <.0001
Former drinker 21 42 1.22 [1.14, 1.31] <.0001 65.34 [52.01, 74.97] 1.45 [1.33, 1.59] <.0001
Occasional 15 32 0.84 [0.79, 0.89] <.0001 60.50 [41.91, 73.15] 1.00
 (<1.30 g/day)
Low volume 81 229 0.86 [0.83, 0.90] <.0001 64.96 [59.71, 69.52] 1.02 [0.95, 1.10] .5222
 (1.30–<25 g /day)
Medium volume 63 105 0.95 [0.91, 1.00] .0313 79.50 [75.51, 82.84] 1.13 [1.05, 1.22] <.0010
 (25–<45 g/day)
High volume 44 61 1.12 [1.07, 1.17] <.0001 82.02 [77.48, 85.65] 1.33 [1.24, 1.44] <.0001
  (45–<65 g/day)
Higher volume 33 54 1.29 [1.22, 1.36] <.0001 83.33 [78.92, 86.81] 1.52 [1.40, 1.66] <.0001
  (≥65 g/day)
All drinkers combined 87 523 1.00 [0.85, 1.17] .9613 84.36 [83.17, 85.47] 1.24 [1.08, 1.42] .0133

Notes: Signifi cant RRs in bold. CI = confi dence interval. 

Adjusted M RR [95% CI]
vs. occasional drinkers

Adjusted M RR [95% CI] 
vs. abstainers
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TABLE 3. All-cause mortality relative risk (RR) estimates for different categories of drinker compared with abstainers, weighted and 
adjusted for between-study variation and study-level covariates, with adjustment for abstainer biases and study quality-related charac-
teristics (N = 523 estimates from 87 studies)

Drinking categories Studies Estimates RR [95% CI] t test p

Adjustment for six selected covariatesa

 Former drinker 20 42 1.26 [1.17, 1.35] <.0001
 Occasional (<1.30 g/day) 15 32 0.86 [0.80, 0.92] <.0001
 Low volume (1.30–<25 g /day)  81 229 0.89 [0.84, 0.94] <.0001
 Medium volume (25–<45 g/day) 63 105 0.98 [0.92, 1.04] .4696
 High volume (45–<65 g/day)  44 61 1.13 [1.06, 1.20] <.0001
 Higher volume (≥65 g/day) 33 54 1.32 [1.23, 1.41] <.0001
 All drinkers combined 87 523 1.04 [0.88, 1.22] .5625
Further adjusted for all identifi ed covariatesb

 Former drinker 20 42 1.38 [1.24, 1.54] <.0001
 Occasional (<1.30 g/day) 15 32 0.95 [0.85, 1.05] .2815
 Low volume (1.30–<25 g /day)  81 229 0.97 [0.88, 1.07] .5895
 Medium volume (25–<45 g/day) 63 105 1.07 [0.97, 1.18] .1738
 High volume (45–<65 g/day)  44 61 1.24 [1.12, 1.37] <.0001
 Higher volume (≥65 g/day) 33 54 1.44 [1.30, 1.60] <.0001
 All drinkers combined 87 523 1.15 [0.97, 1.36] .0852

Notes: Bold indicates statistical signifi cance. CI = confi dence interval. aFurther adjusted for median age at intake, sex, Caucasian/non-
Caucasian, drinking measure adequacy, former drinker bias, and occasional drinker bias; bfurther adjusted for study follow-up years, 
inclusion/exclusion of ill subjects, and study levels controls for race and smoking. 

FIGURE 3. All-cause mortality relative-risk estimates for low-volume alcohol consumers versus lifetime abstainers with and without infl uential covariates (n 
= 81 studies, 229 risk estimates). CI = confi dence interval.

of the other six studies, and a similar pattern of results was 
obtained in sensitivity analyses after elimination of outliers. 
Examination of the heterogeneity of risk estimates across 
studies showed these to be signifi cant but substantially 
reduced in the six higher quality studies without Friesema 
et al. included (see online Appendix F). I2 estimates were 
below 50% for former, low-, and medium-volume drinkers 
(i.e., of limited practical signifi cance).
 Figure 4 illustrates how the unadjusted estimate of RR for 
low-volume drinkers approaches unity as abstainer biases 

were successively eliminated and different subgroups of 
studies used.

Discussion

Summary of evidence

 Three meta-analytic strategies were used to explore the 
role of abstainer reference group biases caused by drinker 
misclassifi cation errors and several other study-level qual-
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TABLE 4. All-cause mortality relative risk (RR) estimates for different drinkers compared with abstainers, weighted 
and adjusted for between-study variation and covariates (N = 523 estimates from 87 studies) in models stratifi ed 
by type of abstainer bias present

Drinking categories
within each group of studies n RR [95% CI] t test p

Model 1: Both former and occasional
drinker biases present (n = 41 studies)
 Low volume (1.30–<25 g /day) 84 0.91 [0.83, 1.00] .0433
 Medium volume (25–<45 g/day) 40 1.00 [0.91, 1.10] .9596
 High volume (45–<65 g/day) 29 1.17 [1.06, 1.29] .0018
 Higher volume (≥65 g/day) 25 1.30 [1.17, 1.45] <.0001
 All drinkers combined 178 1.07 [0.86, 1.34] .3754
Model 2: Former drinker bias only
(n = 24 studies)
 Occasional (<1.30 g/day) 20 0.93 [0.82, 1.05] .2286
 Low volume (1.30–<25 g /day) 73 0.86 [0.78, 0.95] .0025
 Medium volume (25–<45 g/day) 33 0.99 [0.89, 1.11] .9251
 High volume (45–<65 g/day) 6 1.09 [0.96, 1.24] .1900
 Higher volume (≥65 g/day) 8 1.69 [1.41, 2.03] <.0001
 All drinkers combined 140 1.00 [0.80, 1.25] .9763
Model 3: Occasional drinker bias
only (n = 9 studies)
 Former drinker 15 1.21 [1.13, 1.30] <.0001
 Low volume (1.30–<25 g /day) 22 0.86 [0.82, 0.91] <.0001
 Medium volume (25–<45 g/day) 13 0.91 [0.84, 0.99] .0303
 High volume (45–<65 g/day) 14 0.99 [0.91, 1.08] .8694
 Higher volume (≥65 g/day) 5 1.27 [1.12, 1.43] .0003
 All drinkers combined 69 1.00 [0.83, 1.21] .9451
Model 4: No abstainer biases
(n = 13 studies)
 Former drinker 26 1.31 [1.09, 1.57] .0047
 Occasional (<1.30 g/day) 4 0.94 [0.71, 1.25] .6855
 Low volume (1.30–<25 g /day) 50 0.90 [0.76, 1.06] .1961
 Medium volume (25–<45 g/day) 19 0.95 [0.80, 1.13] .5767
 High volume (45–<65 g/day) 12 1.11 [0.93, 1.32] .2381
 Higher volume (≥65 g/day) 16 1.42 [1.15, 1.75] .0012
 All drinkers combined 127 1.09 [0.91, 1.30] .2840

Notes: Estimates adjusted for sampling variability, between-study variation, median age, gender, and country in all 
models. Bold indicates statistical signifi cance. CI = confi dence interval. 

TABLE 5. Adjusted relative risks (RRs) of all-cause mortality for different levels of alcohol consumption compared with lifetime abstainers estimated 
from higher quality studiesa with and without one infl uential study (Friesema et al., 2007)

 Model 1: Including Friesema et al. Model 2: Excluding Friesema et al.

Drinking categoriesb nb RRc [95% CI] p nb RRc [95% CI] p

Former drinker 19 1.14 [0.77, 1.69] .4950 17 1.31 [1.11, 1.55] .0022
Low volume (1.30–<25 g /day) 39 0.89 [0.62, 1.29] .5279 35 1.04 [0.95, 1.15] .3557
Medium volume (25–<45 g/day) 11 1.08 [0.72, 1.62] .7123 9 1.29 [1.06, 1.56] .0106
High volume (45–<65 g/day) 7 0.95 [0.62, 1.46] .8113 5 1.07 [0.83, 1.36] .6100
Higher volume (≥65 g/day) 11 1.58 [1.05, 2.38] .0295 11 1.85 [1.51, 2.27] .0001
All drinkers combined 87 1.10 [0.86, 1.41] .3557 77 1.19 [0.94, 1.49] .1065

Notes: Bold indicates statistical signifi cance. CI = confi dence interval. aStudies in which only lifetime abstainers included in the reference group, adequate 
alcohol measure, median age <60 years at intake and ≥55 years at follow-up; bnumber of risk estimates; cestimates adjusted for sampling variability and 
between-study variation. 

ity covariates in studies of the relationship between alcohol 
consumption and all-cause mortality. Drinker misclassi-
fi cation errors were common. Of 87 studies identifi ed, 65 
included former drinkers in the “abstainer” reference group, 
50 included occasional drinkers, and only 13 were free from 
both these abstainer biases. However, even this last group 
contained other potentially serious methodological problems 
that could have biased results in either direction.

 Using several analytic approaches, we found evidence that 
abstainer biases and other study characteristics infl uenced the 
shape of the risk relationship between mortality and rising al-
cohol consumption. In summary, analyses of groups of higher 
quality studies free from abstainer biases were less likely to 
fi nd evidence of reduced risk of mortality (i.e., health benefi ts) 
at low levels of alcohol consumption. Rather, the pattern of 
results is more consistent with a linear dose response than a 
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FIGURE 4. All-cause mortality relative risk for low-volume drinkers versus lifetime abstainers after controlling for design characteristics by study selection 
in adjusted models. CI = confi dence interval.

J-shaped curve describing the risk relationships between level 
of alcohol consumption and all-cause mortality.
 Our fi rst analytic strategy involved pooling all 87 stud-
ies and attempting to control for design characteristics and 
potential biases in a step-by-step fashion (Table 2 and Table 
3). In each model, regardless of degree of adjustment for 
design characteristics and covariates, we consistently found 
that former drinkers had signifi cantly elevated risk of all-
cause mortality compared with abstainers. This confi rms the 
well-accepted need to control for former-drinker bias and 
not include former drinkers in the abstainer reference group 
(Roerecke & Rehm, 2012; Ronksley et al., 2011).
 We also replicated the J-shaped curve when only limited 
controls for study characteristics were used (i.e., showing 
low-volume drinkers with reduced mortality risk and high-
volume drinkers with increased mortality risk). Signifi cant 
heterogeneity was detected in these estimates. However, a 
J-shaped curve was not observed when abstainer biases and 
other study characteristics were controlled for (Table 3). In 
the fully adjusted model, mortality risk for former, high-
volume, and higher volume drinkers was increased, whereas 
low- and medium-volume drinkers displayed nonsignifi cant 
RRs close to unity (RR = 0.97 and 1.07, respectively).
 In each of these pooled models, regardless of level of 
control for study-level characteristics, RRs for occasional 
drinkers were similar to those for low-volume drinkers. Thus, 
if occasional drinkers were used as the reference group (as 
recommended by some epidemiologists, e.g., Rehm et al., 
2008), low-volume drinkers would have RRs close to unity 
in each of these models (i.e., not be experiencing health 

protective effects). Evidence that lifetime abstainers have 
poorer health even before their peers begin drinking (Ng Fat 
& Shelton, 2012) also provides some support for choosing 
occasional drinkers as the reference group and is consistent 
with the observation of increased mortality risk for abstain-
ers (RR = 1.19, 95% CI [1.12, 1.27]) versus occasional 
drinkers shown in Table 2.
 On one hand, it can be argued that occasional drinking in 
most developed countries is more normative than abstinence 
and also that consumption of less than one drink per week is 
unlikely to confer any biological health benefi t. On the other 
hand, it can be argued that some low-volume drinkers are 
underestimating their consumption and are thus misclassifi ed 
as occasional drinkers (Stockwell et al., 2014).
 The second set of analyses stratifi ed studies according to 
the presence or absence of different types of abstainer bias 
(Table 4). Here, groups of studies containing former and/
or occasional drinker biases also replicated the J-shaped 
curve—that is, signifi cant protection was observed for low-
volume drinkers and elevated risk for higher volume drink-
ers. However, the model with 13 studies free from abstainer 
biases showed no signifi cant protection for low-volume 
drinkers, although the RR estimate was below unity (RR = 
0.90, 95% CI [0.76, 1.06]). Former and higher volume drink-
ers were consistently at increased risk for all-cause mortality 
in these models.
 A third analysis (Table 5) was performed on higher 
quality studies that were free from abstainer biases, used 
an “adequate” measure of mean alcohol consumption, fol-
lowed subjects up to an age at which cardiovascular disease 
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becomes a greater risk (at least 55 years), and did not use 
an aged population at intake more likely to be subject to an 
array of lifetime selection biases (Bergmann et al., 2013). 
Once more, there was signifi cantly increased risk of all-
cause mortality for former and higher volume drinkers, 
whereas there was no signifi cant protection for low-volume 
drinkers (RR = 1.04, 95% CI [0.95, 1.15]). Heterogeneity of 
these estimates across studies was still signifi cant, but, for 
former, low-, and medium-volume drinkers, it was at a level 
considered to have no practical importance. Thus, for each 
of the three strategies, evidence for reduced mortality risk 
among low-volume drinkers largely disappeared once design 
and methodological issues were controlled for directly in the 
analysis or by study selection.
 Although former drinkers had a 38% increased risk of 
mortality compared with lifetime abstainers in the pooled 
and fully adjusted model (Table 3), there was mixed 
evidence for the importance of controlling for occasional 
drinker bias. Only 17 studies reported separate estimates for 
occasional drinkers even with the broad defi nition of less 
than one drink per week. In both the pooled model using all 
87 studies and the model with the 13 error-free studies, oc-
casional drinkers had reduced mortality risk, although this 
was only signifi cant in the pooled model (Table 2). In the 
model with 13 error-free studies, however, there were only 
three risk estimates available for occasional drinkers and 
none at all in the model using the 6 higher quality studies 
(i.e., occasional drinkers were misclassifi ed as low-volume 
drinkers in these latter studies).
 Uncertainty about the signifi cance of occasional-drinker 
bias adds a note of caution when interpreting the results of 
our fi nal model of higher quality studies. Nonetheless, it may 
be that occasional drinkers are a more appropriate reference 
group against which to compare low-volume drinkers in that 
(a) they may have more personal and lifestyle characteristics 
in common with low-volume drinkers that may otherwise 
confound observed risk relationships, and (b) it may be im-
plausible to suggest a physiological basis for health benefi ts 
associated with occasional consumption (Knott et al., 2015).
 Study characteristics other than drinker misclassifi cation 
errors strongly infl uenced whether health protective effects 
were indicated in studies and may be at least as important. 
Controlling for some study-level variables (including length 
of follow-up, median age, smoking status, and ethnicity) in 
the models increased RR estimates for low-volume drink-
ers. This is consistent with evidence for systematic biases 
operating across the life course in prospective studies of al-
cohol and health that will be more pronounced among older 
populations (Bergmann et al., 2013; Stockwell & Chikritzhs, 
2013). The results are also consistent with studies of other 
lifestyle factors associated with moderate drinking being 
responsible for the appearance of reduced mortality risk 
(Naimi et al., 2005) and the possible absence of protective 
effects in non-Caucasian populations (Kerr et al., 2011).

Limitations

 A number of limitations and caveats around our fi ndings 
need to be acknowledged. A major limitation involves imper-
fect measurement of alcohol consumption in most included 
studies. Self-reported alcohol consumption is mostly under-
reported (Stockwell et al., 2014), and even the classifi cation 
of drinkers as lifetime abstainers can be unreliable (Kerr et 
al., 2002). The number of available studies in some stratifi ed 
analyses was small, and therefore there may be limited power 
to control for potential study-level confounders. However, 
the required number of estimates per variable for linear re-
gression can be much smaller than in logistic regression, and 
a minimum of at least two estimates per variable is recom-
mended for linear regression analysis (Austin & Steyerberg, 
2015), suggesting that the sample sizes were adequate in all 
models presented.
 It has been demonstrated that a pattern of heavy episodic 
(i.e., “binge”) drinking is not associated with the appearance 
of reduced health risks even when average daily volume is 
low (Roerecke & Rehm, 2010). Too few studies adequately 
controlled for this variable to investigate its effect on differ-
ent outcomes across studies. Finally, our fi ndings only apply 
to the net effect of alcohol at different doses on all-cause 
mortality, and different risk relationships likely apply for 
specifi c disease categories.

Conclusions

 The hypothesis that abstainer biases crucially determine 
the shape of the risk relationship between alcohol consump-
tion and mortality is partly supported by our fi ndings. Spe-
cifi cally, the common practice of including former drinkers 
in the abstainer reference group will bias drinking risk 
estimates downward, thereby magnifying the appearance of 
health benefi ts from low-level drinking. RR estimates for 
former drinkers were consistently high, second only to the 
heaviest alcohol consumption category. This is likely because 
of individuals giving up drinking for health reasons, which 
bias toward shorter life expectancy, whether or not this is re-
lated to their drinking. Evidence for signifi cant bias because 
of the inclusion of occasional drinkers with abstainers could 
not be confi rmed and requires further investigation, as does 
the proposal that they replace lifelong abstainers as the most 
appropriate reference group for evaluating the risk of drink-
ing in future studies.
 It is also noteworthy that in all the pooled models present-
ed, regardless of whether outliers were excluded or study-
level characteristics were controlled for, occasional drinkers 
had very similar mortality risks to low-volume drinkers. 
This means that if occasional drinkers are considered to be 
a more appropriate reference group than lifetime abstainers, 
there would be no evidence of health protective effects for 
low-volume drinkers or any other category of drinker.
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 In summary, our study suggests that a skeptical position 
is warranted in relation to the evidence that low-volume 
consumption is associated with net health benefi ts. This con-
clusion is consistent with a recent Mendelian randomization 
study that found that a genetic variant associated with re-
duced drinking lowered rather than increased cardiovascular 
risk among low-volume drinkers (Holmes et al., 2014). We 
recommend that future prospective studies on alcohol and 
health minimize bias attributable to the misclassifi cation of 
former and occasional drinkers by carefully excluding these 
from the abstainer reference group.
 Our analyses also indicate that other study quality char-
acteristics need to be addressed, such as the adequacy of 
measures of both average daily alcohol consumption and 
potentially confounding lifestyle variables. We also recom-
mend that (a) outcomes for occasional drinkers should be 
estimated separately from those for low-volume drinkers, (b) 
consideration should be given to using occasional drinkers 
as the reference group in these prospective observational 
studies given evidence that lifetime abstainers have poorer 
health for reasons other than their drinking (Ng Fat & Shel-
ton, 2012), (c) following Bergmann et al., drinking behavior 
needs to be assessed at multiple time points so that more 
stable drinking patterns can be identifi ed and health risks/
benefi ts more fi rmly identifi ed, and (d) following Liang and 
Chikritzhs (2013), efforts should be made to estimate the 
volume and duration of drinking by former drinkers so they 
can be correctly classifi ed along with current drinkers for 
less biased estimates of risk.
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 I commend the authors for this valuable review (Stock-
well et al., 2016—this issue), which updates and extends 
earlier work (Fillmore et al., 2006) using state-of-the-art 
meta-analytic methods and following the PRISMA guide-
lines. Importantly, theory-driven methodological design 
problems are analyzed as study-level characteristics. These 
are then sequentially excluded to investigate the role of 
mixing former drinkers, occasional drinkers, and lifetime 
abstainers in reference groups (i.e., abstainer reference group 
bias)—a common defi ciency in all-cause mortality studies. 
Results focus us again on the quality of the widely circu-
lated evidence that low-dose alcohol confers cardiovascular 
protection suffi cient to lower all-cause mortality. Indeed, 
some recent systematic reviews and meta-analyses have 
again emphasized such protection (Ronksley et al., 2011). 
In Ronksley et al., although a sensitivity analysis examined 
former drinkers versus nondrinkers in a subset of studies 
permitting this for cardiovascular mortality and for coronary 
heart disease mortality, the authors’ methods do not permit 
strong conclusions about degree of bias introduced when 
studies are combined, as they are in their primary analyses. 
Addressing degree of bias is the particular contribution of 
the present meta-analysis because this is its explicit aim 
(Stockwell et al., 2016).
 Further emphasizing the importance of methodologi-
cally driven work like this, the belief in protective effects of 
moderate drinking is suffi ciently widely held to have been 
incorporated into global burden of disease estimates (e.g., 
Lim et al., 2012), and we are beginning to see renewed calls 
from certain medical commentators to prescribe moderate 
drinking for lifelong nondrinkers of ages about 40 to 50 
(Rubin, 2014). Offering medical advice like this, I believe, is 
premature, and I have strongly opposed this on a number of 
grounds, including methodological weaknesses in numerous 
epidemiological studies (studied anew in this meta-analysis) 
marshaled as evidence of reductions in cardiovascular dis-
ease and all-cause mortality (Greenfi eld & Kerr, 2014). 
These methodological weaknesses often involve the inabil-
ity to accurately specify lifetime abstainers as a reference 
category or separate this group from former heavy drinkers. 
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The conclusions of the present meta-analysis (Stockwell et 
al., 2016—this issue) re-emphasize that the widespread de-
sign problem of including former drinkers in the abstainer 
reference group will magnify the apparent health benefi ts of 
moderate intake. The meta-analysis notes that “of 87 stud-
ies identifi ed, 65 included former drinkers in the ‘abstainer’ 
reference group” (Stockwell et al., p. TKTK). In addition, 50 
included occasional drinkers in this group, leaving only 13 
studies without either bias. (It would be useful to re-analyze 
from the same perspective the set of 84 studies of selected 
cardiovascular disease outcomes included in the Ronksley et 
al. [2011] meta-analysis—see also Brien et al. [2011].)
 Kerr and I (Greenfi eld & Kerr, 2014) have argued further 
that doctors or medical assistants attempting to quickly as-
sess whether a patient is a lifetime abstainer (and so a target 
of the ill-founded drinking advice) will likely encounter 
the same ascertainment problem seen in studies involving 
lifetime abstainer groups. We know from panel surveys that 
many respondents who later report never in their lives having 
drunk alcohol reported at earlier interviews that they were 
then prior or current drinkers (Caldwell et al., 2006; Rehm 
et al., 2008). In addition, no research to my knowledge has 
yet studied drinking behavior outcomes in the clearly hetero-
geneous group who would state in a medical assessment that 
they never were drinkers following advice from their doctor 
to “relax and take a drink a day, preferably with dinner” 
(Rubin, 2014, p. 2890). Methodological work on claiming 
never to have drunk alcohol in even “neutrally framed” panel 
surveys results in false lifetime abstention answers (Rehm 
et al., 2008), and questions from a medical authority fi gure 
could lead to even more denial of former drinking. An ex-
perimental trial of screening, followed by advice/no advice, 
can readily be envisioned, but would such a trial clear a well-
informed human subjects review, given the uncertainties of 
outcomes and potential risks to participants in the interven-
tion arm, given that such advice could translate into heavy 
per occasion or even dependent drinking?
 Relevant too is the fi nding from the Stockwell et al. 
(2016) meta-analysis that in all the pooled models, occa-
sional drinkers had lower mortality risks than low volume 
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drinkers. Occasional drinkers were defi ned as drinking less 
than 1.3 g/day (or about a standard drink every 10 days on 
average), whereas low volume was defi ned as this level up 
to 25 g/day (the volume level often termed moderate drink-
ing). Moderate rather than occasional drinking is believed 
to engage biological mechanisms conferring coronary 
artery protection, such as those that elevate high-density 
lipoprotein cholesterol levels. A recent meta-analysis of 
intervention studies found effects of drinking alcohol on 
several cardiovascular disease–related biomarkers, including 
a dose-response relationship with high-density lipoprotein 
cholesterol (vs. not drinking; Ronksley et al., 2011).
 To really resolve the controversy, we need more high-
quality prospective mortality studies. I would further urge 
that future studies address drinking pattern, ideally with 
baseline measures including life-course heavy drinking as-
sessments (Greenfi eld et al., 2014), because heavy drinking 
can and does occur at low volume levels, considerably af-
fecting mortality (Rehm et al., 2006; Roerecke et al., 2011). 
Absent life-course heavy drinking measures, volume-based 
mortality studies will remain inherently limited.
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 The complexity inherent in the question, “Do ‘moder-
ate’ drinkers have reduced mortality risk?”(Stockwell et al., 
2016—this issue) arises from our reliance on cohort studies 
for evidence and the range of methodological weaknesses 
that bedevil them. These have been best articulated in discus-
sions of alcohol and cardiovascular risk (Chikritzhs et al., 
2009; Jackson et al., 2005; Naimi et al., 2005), where much 
of the putative mortality benefi t would arise. Some sources 
of error—such as the timing, reliability, and dimensions of 
alcohol measurement; the categorization of drinkers; and the 
control of confounding—allow us to differentiate the quality 
of cohort studies. Others are intrinsic to the design itself, 
such as residual confounding from a plethora of lifestyle 
variables. These problems are not mitigated by combining 
studies in a meta-analysis, which is why skepticism about 
meta-analysis of observational studies is still warranted (Eg-
ger et al., 1998).
 The J-shaped curve of average alcohol consumption and 
mortality risk is biologically counterintuitive. Stockwell and 
colleagues have zeroed in on one important methodological 
fl aw in existing studies—the nature of the reference group 
used to generate the curve—and their meta-analysis moves 
understanding forward substantially. It produces two impor-
tant fi ndings, the fi rst being the new risk estimates that indi-
cate lack of mortality benefi t for low-volume drinkers when 
compared with an appropriate reference group and adjusted 
for some study-level variables. One could debate how well 
other sources of error are dealt with, but the indisputable 
second message is how sensitive the estimates are to improv-
ing classifi cation of abstainers and, therefore, how plausible 
it is that there is an alternative explanation for the putative 
benefi ts of alcohol.
 The fallibility of cohort studies in reliably estimating 
effects of health-related behaviors and interventions should 
no longer be a surprise. However, even after randomized 
controlled trials have provided vivid demonstrations of co-
hort studies failing to adequately estimate health impacts of 
socially patterned exposures (Beral et al., 2002; Hennekens 
et al.,1996), investigators are inattentive to these issues when 

COMMENTARY

making bold claims about the strength of their fi ndings 
(Ronksley et al., 2011).
 This new evidence is important but is not the fi nal word 
on the topic. It shows how sensitive studies are to misclas-
sifi cation affecting the reference group, while other research-
ers have focused on different weaknesses in the evidence, 
using different methods. For example, a meta-analysis by 
Roerecke and Rehm (2012) showed substantial heterogeneity 
in associations of low-volume drinking with cardiovascular 
disease when stratifi ed by sex and outcome, and a Mendelian 
randomization study (Holmes et al., 2014) supported residual 
confounding and selection biases as an explanation for the 
observed effect. In combination, these studies suggest that 
effects of moderate alcohol on cardiovascular disease and 
total mortality are poorly estimated and that evidence for 
causality is weak. There will be value in continuing to pursue 
this scientifi c question to put it beyond debate and to better 
estimate the health impact of alcohol use in populations. The 
information will also allow individuals to make informed 
decisions about their own health.
 On the other hand, motivation for this kind of work is 
often framed, as in this article, as understanding the balance 
of risks and benefi ts of alcohol consumption to inform “pub-
lic health policies to reduce alcohol’s harm” (p. TKTK) and 
“national guidelines for low-risk alcohol use” (p. TKTK). 
The argument for this is not elaborated on by Stockwell and 
his colleagues, and I don’t accept that it is self-evident.
 If there were proven mortality benefi ts of drinking alcohol 
at low levels from middle age, appropriate advice would be 
to limit drinking to this level and not drink at all in situations 
where psychomotor impairment could pose a risk of injury. 
Public policy would aim to keep alcohol consumption at low 
levels across the whole population. Conversely, if the scien-
tifi c consensus supported no health benefi ts from drinking, 
advice would be identical. Recommendations to regulate 
price, availability, and promotion of alcohol—as the most ef-
fective and equitable interventions for achieving lower levels 
of consumption and harm—would also be identical. There 
has never been any ethical basis for promotion of alcohol 
drinking to reduce cardiovascular risk, which is the major 
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purported health benefi t, and therefore no reason to account 
for cardiovascular benefi ts when considering population-
level policies.
 The extent to which alcohol industry actors have been 
involved in framing the balance of risks and benefi ts as a 
prominent theme when considering harmful impacts of al-
cohol is not documented, but as a strategy it has “merchants 
of doubt” (Oreskes & Conway, 2010, pp. 34–35) fi ngerprints 
on it. The good-news story of health benefi ts from drinking 
has long been exploited, and sticking with an individual-level 
perspective distracts from the inequitable distribution of al-
cohol’s harms across the population. Reduction in cardiovas-
cular risk among a minority of older adults has no potential 
to “balance” alcohol-related harm suffered by others living 
in the same regulatory environment (Connor et al., 2015). As 
an intoxicating, addictive, toxic, carcinogenic drug, alcohol 
is not a good choice as a therapeutic agent. Evidence-based 
guidelines for reducing cardiovascular risk incorporate diet 
modifi cation and physical activity and then, where indicated, 
use some of our safest medications (National Institute for 
Health and Care Excellence, 2014). In contrast to that of 
alcohol, effectiveness of the interventions has been demon-
strated and they have no abuse potential.
 I would suggest that the idea of health benefi ts of al-
cohol having a place in decision-making about policy and 
practice is a triumph of spin-doctoring, as contrived as the 
alleged split among scientists over climate change. We need 
to contribute to discussions about policy with confi dence in 
the substantial arguments about the health of the population 
and not be drawn into a debate about possible benefi ts to a 
minority of individuals.
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 In this issue of the Journal of Studies on Alcohol and 
Drugs, Stockwell and colleagues (2016) have conducted 
a thorough analysis of alcohol consumption on all-cause 
mortality. The study’s abstract indicates that the fi ndings 
have implications for burden-of-disease studies and for low 
risk–drinking guidelines. We consider here what these impli-
cations might be.
 Alcohol has a variety of effects on the body–some protec-
tive, many adverse. Based on biological considerations, light 
drinking has some benefi cial effects via platelets, impact on 
high-density lipoprotein cholesterol and other markers of 
cardiovascular risk, and hormones. On the other hand, for 
many alcohol-related diseases there seems to be no lower 
threshold for adverse risk from drinking (Bagnardi et al., 
2013). In this duality, alcohol is not different from other 
psychoactive substances, which carry risks of harm but are 
also used as medicines. Whether protective or adverse effects 
dominate for drinkers averaging a small volume of drinking 
is likely to depend on age and cultural, social, environ-
mental, and genetic factors and on whether their drinking 
includes heavy drinking occasions.
 The studies available for Stockwell et al.’s analysis are 
from select cohorts of a limited range of societies, with 
substantial methodological defi ciencies. Most studies depend 
on a single self-reported measure of volume of drinking at 
the time of enrollment in the study. Apart from potential 
reporting error, this measure thus does not take account of 
the well-documented variability over time in an individual’s 
drinking pattern (Skog & Rossow, 2006). Results from this 
tradition of studies are thus a poor basis on which to base 
advice.
 But there is substantial public interest in whether the net 
result for light drinking is protective or adverse. Findings of 
protective effects also have substantial commercial implica-
tions (Thompson, 2013) and are of political importance in 
continuing cultural struggles over the moral status of alcohol 
and intoxication. Articles on alcohol patterns and all-cause 
mortality have thus been used for the symbolic debate on 
protective effects. The main arguments have been about 
reference groups (Fillmore et al., 2006) and the drinking 
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categories at the lower end (as there are no protective effects 
claimed for heavy drinking). The ground here is indeed in-
fi rm; for example, in a U.S. national survey, more than half 
of those describing themselves as lifetime abstainers in the 
follow-up had reported drinking previously (Rehm et al., 
2008). In this situation, it seems impossible to determine true 
comparisons to abstention in Western high-income countries; 
prospective studies in countries where abstention is not a 
cultural abnormality could help quantify effects.
 The above questions are separate issues from the question 
of how alcohol should fi gure in burden-of-disease studies, 
because for good reason these focus on aggregating risks 
across specifi c causes of death and disability. The same av-
erage drinking level will have markedly different effects in 
different countries based on their different composition of 
causes of death (Rehm et al., 2015), often markedly different 
from the composition in the cohort studies.
 For low risk–drinking advice to the population, in so-
cieties such as in Europe and the Americas where alcohol 
is enmeshed in the culture, the threshold of “low risk” is 
customarily set quite high (Rehm et al., 2014). As long as 
this is true, the relatively limited protective effects for spe-
cifi c conditions are essentially irrelevant. Articles in medical 
journals (e.g., Thompson, 2013) are misleading by focusing 
on protective effects of alcohol, because these effects are 
more than counterbalanced by adverse effects for a majority 
of drinkers. Although the population impact will depend on 
many factors, “less is better” seems to be a general rule for 
population guidance.
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 We thank our commentators for their thoughtful insights, 
questions, and criticisms of our article (Stockwell et al., 
2016—this issue).
 Connor (2016) highlights well-substantiated concerns 
over the validity of conclusions based on observational 
longitudinal studies of health in general, noting instances 
in which randomized controlled trials have disconfi rmed 
conclusions based on meta-analysis of cohort studies (e.g., 
hormone replacement therapy). Greenfi eld (2016) notes 
how few cohort studies on the link between alcohol use and 
mortality take account of the patterning of drinking, whether 
over weeks, months, or a lifetime. Rehm et al. (2016) sug-
gest that although analysis of alcohol and all-cause mortality 
from published studies holds interest especially at a political 
level, in practice they recommend different types of studies 
on which to base estimates of the global burden of disease 
and low-risk drinking guidelines. We have also received 
other comments that we will address briefl y here.
 We accept these and other limitations. Any meta-analysis 
is only as good as the quality of the available studies—and 
the criteria applied to assess variations in their quality. Our 
vision was to explore what happened to the J-shape curve 
when meta-analysis is conducted with and without adjust-
ment for the presence of a few empirically and theoretically 
derived methodological concerns. We focused especially on 
the effects of contamination of the all-important “abstainer” 
reference group, against which the health of all other catego-
ries of drinkers is usually compared in these studies. There 
are strong empirical and theoretical grounds for exploring 
the effects of abstainer group biases. In answer to Green-
fi eld’s question about how extensive these problems were in 
previous meta-analyses and, in particular, that by Ronksley 
et al. (2011), these have been detailed elsewhere (Stockwell 
et al., 2012). Among the 84 studies in their review of alco-
hol and cardiovascular disease as well as all-cause mortal-
ity, only 21 excluded former drinkers from the abstainer 
reference group, and only 16 had also excluded occasional 
drinkers. Further, we found only two studies in the Ronks-
ley et al. (2011) meta-analysis that met a set of other basic 
quality criteria. The varying and overall poor quality of this 
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literature motivated our study to investigate how adjusting 
for study quality can infl uence observed outcomes.
 Turning to criticisms of our own study methods, one 
reviewer took issue with our defi nition of what constitutes 
“low-volume” alcohol consumption. We defi ned this as at 
least one 10 g standard drink per week and up to an average 
of two drinks per day. At the lower end, one drink per week 
could be considered “homoeopathic,” but we note that (a) we 
had a separate category of an even more homoeopathic level 
of drinking, namely less than one drink per week; (b) in our 
pooled analysis, we found the same level of reduced mortal-
ity risk for these “occasional” drinkers as for the low-volume 
drinkers; and (c) as it is, most studies in this literature com-
bine these very low drinking levels into a larger category of 
moderate drinking. Indeed, Greenfi eld comments that occa-
sional (“homeopathic”) drinkers having the same protection 
as moderate drinkers is a strong ground for skepticism about 
the biological plausibility of the idea that alcohol accounts 
for net mortality benefi ts observed for moderate drinkers. 
 It has also been pointed out that our defi nition of low-vol-
ume drinking is not consistent with the U.S. Dietary Guide-
lines (U.S. Department of Agriculture and U.S. Department 
of Health and Human Services, 2010). Our reference point 
for this defi nition (supported by Greenfi eld) was Australia’s 
low-risk drinking guidelines (National Health and Medical 
Research Council of Australia [NHMRC], 2009) developed 
by the leading scientists including Robin Room and Jürgen 
Rehm. It has also been suggested that our applying the same 
defi nition of low-volume drinking to males and females is a 
weakness. However, we note that (a) Australia’s guidelines 
provide the same advice for males and females and (b) we 
needed to keep a standard defi nition because we were in-
terested in identifying gender differences in the pattern of 
results. We found none and hence report fi ndings for men 
and women combined.
 Rehm et al. (2016) also argue that we draw on a lit-
erature that is so methodologically defi cient and globally 
unrepresentative that it should not be used as a base either 
for estimates of the global burden of disease or for devis-
ing low-risk drinking guidelines. We did indeed discuss 

Stockwell et al. response: Moderate use of an “intoxicating carcinogen” has no net mortality benefi t—
is this true and why does it matter?
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implications of our fi ndings for drinking guidelines, partly 
because meta-analyses of alcohol and all-cause mortality 
have on several occasions been featured as the basis for the 
levels chosen (e.g., NHMRC, 2001; Stockwell et al., 2012). 
We agree, however, that there is much shaky and uncertain 
ground upon which both guidelines and the burden of dis-
ease have been estimated. We also agree that there is much 
interest in attempts to estimate the net effects of alcohol 
on mortality and that this is part of a larger debate about 
the role of alcohol in society. Meta-analyses of alcohol and 
all-cause mortality have played an important role in this and 
are frequently cited (e.g., Fillmore et al., 2006; Ronksley et 
al., 2011). We suggest that it is still of interest to explore the 
validity and replicability of the famous J-shaped curve in 
this literature under different conditions. Unlike Rehm et al., 
however, we also suggest that the same uncertainty applies to 
research on the impact of light drinking on biological mark-
ers for cardiovascular disease. They cite evidence of benefi -
cial effects of light drinking on platelets and high-density 
lipoprotein (HDL). However, the signifi cance of HDL as a 
biomarker for cardiovascular disease is now under question 
(Voight et al., 2012). Furthermore, other more proximal 
markers of cardiovascular risk, such as carotid intima media 
thickness, are positively associated with even low levels of 
alcohol consumption (Juonala et al., 2009). Shakiness of the 
J-shape curve in observational studies is just one component 
of a growing list of reasons to be skeptical about alcohol’s 
hypothesized health benefi ts when used in moderation (Chi-
kritzhs et al., 2015).
 Among the most thought-provoking comments we felt 
was Connor’s question as to why clinical practice or policy 
should be infl uenced by the idea that “an intoxicating, ad-
dictive, toxic, carcinogenic drug” such as alcohol could be 
recommended as a therapeutic agent. In our experience, 
this clear-sighted perspective is rarely evident among high-
level decision-makers, and we have observed policymakers 
hesitate to introduce effective alcohol policies, or even to 
support the addition of warning labels on alcohol containers, 
for fear they might undermine or contradict possible health 
benefi ts of alcohol use. We are also aware of some clinicians, 
especially cardiologists, recommending low-volume alcohol 
use for therapeutic purposes (e.g., Rubin, 2015) and also 
alcohol industry groups selectively reporting studies fi nding 
health benefi ts to promote their product (e.g., Masterson, 
2015). In closing, we suggest it is still important to question 
the scientifi c validity of health claims for alcohol, although 
we agree that there are many other potential criticisms (e.g., 
Chikritzhs et al., 2015; Fekjaer, 2013) of this literature we 
could not examine in the present study. Mounting doubts 
about the validity of alcohol’s health benefi ts are in keeping 
with Rehm et al.’s (2016) recommendation that drinking 
guidelines somehow need to convey the challenging idea that 
“less is better.”
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