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Abstract

Alcohol use is causally linked to the development of and mortality from numerous
diseases. The aim of this study is to provide an update to a previous systematic review
of meta-analyses that quantify the sex-specific dose-response risk relationships be-
tween chronic alcohol use and disease occurrence and/or mortality. An updated sys-
tematic search of multiple databases was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses criteria to identify meta-
analyses published from January 1, 2017, to March 8, 2021, which quantified the risk
relationships between chronic alcohol use and the risk of disease occurrence and/or
mortality. This systematic review was not preregistered. The comparator was peo-
ple who have never consumed at least one standard drink of alcohol. Measurements
included relative risks, odds ratios, and hazard ratios of disease occurrence and/or
mortality based on long-term alcohol intake measured in grams per day. The system-
atic search yielded 5953 articles, of which 14 were included in the narrative review.
All diseases showed an increased risk of occurrence as alcohol use increased. At all
doses examined, alcohol had a significant detrimental effect on tuberculosis, lower
respiratory infections, oral cavity and pharyngeal cancers, esophageal cancer, colo-
rectal cancer, liver cancer, laryngeal cancer, epilepsy, hypertension, liver cirrhosis, and
pancreatitis (among men). For ischemic heart disease, ischemic stroke, and intracer-
ebral hemorrhage, protective effects from low-dose chronic alcohol use among both
men and women were observed. Low-dose alcohol consumption also had a protective
effect for diabetes mellitus and pancreatitis among women (approximately to 50g/
day and 30g/day, respectively). Alcohol use increases the risk of numerous infectious
and noncommunicable diseases in a dose-response manner. Higher levels of alcohol
use have a clear detrimental impact on health; however, at lower levels of use, alcohol

can have both disease-specific protective and detrimental effects.
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CHRONIC ALCOHOL USE AND THE OCCURRENCE OF DISEASE

ALCOHOL

INTRODUCTION

The consumption of alcohol is causally linked to the development
of and mortality from numerous infectious and noncommunicable
diseases (Griswold et al., 2018; IARC Working Group, 2012; World
Health Organization, 2018). Furthermore, at the population level,
alcohol use leads to a substantial burden of death and disability
worldwide (Shield et al., 2020) and is the number one risk factor for
the burden of disease among people 15-49years of age (Griswold
et al., 2018). There are multiple dimensions of alcohol use, which lead
to risk, including the chronic volume of EtOH consumed, acute alcohol
consumption, patterns of alcohol use, and the context of consumption
(Rehm et al., 1996). Chronic use of alcohol has been linked to numer-
ous disease categories, including infectious diseases, cancers, gastro-
intestinal diseases, and cardiovascular diseases (Rehm et al., 2017).

Chronic alcohol use impacts health and disease occurrence
based on the volume of alcohol consumed. This impact is typically
measured as an increase in the relative risks (RRs), odds ratios (ORs),
and hazards ratios (HRs) of disease occurrence. Alcohol RRs, ORs,
and HRs are necessary information for individuals and for policy-
makers to understand the impact of alcohol use, to address drinking
behaviors, and to guide policy decisions at the individual and pop-
ulation levels. At the population level, alcohol RRs, ORs, and HRs
are used in conjunction with alcohol use and population statistics
to model the hospitalizations, burden of disease, and social costs at-
tributable to alcohol use as well as to model changes, which might
be expected to hospitalizations, the burden of disease, and social
costs attributable to alcohol use if alcohol public health policies
were changed. At the individual level, alcohol RRs, ORs, and HRs are
used in conjunction with burden of disease statistics to estimate the
health impact of alcohol consumption on an individual and the po-
tential health improvements if the individual decreased their alcohol
use. Furthermore, such information can be used to formulate low-
risk drinking guidelines and other policy recommendations.

There are numerous systematic reviews and meta-analyses
which quantify the alcohol RRs, ORs, and HRs of diseases associ-
ated with alcohol consumption; however, these reviews and analy-
ses vary in terms of their publication dates, inclusion and exclusion
criteria, and methods used to combine alcohol RRs, ORs, and HRs.
The aims of this study were to systematically search for and re-
view meta-analyses which reported alcohol dose-response curves
between different levels of average daily alcohol use and disease
outcomes, and to assess if the RRs, ORs, and HRs differ by sex.
Therefore, to ensure the study's aims were achieved, this review
selected the highest quality systematic reviews and meta-analyses

from our search using a standard set of quality criteria.

METHODS

Our review acts as an update of the 2020 Australian Guidelines
to Reduce Health Risks from Drinking Alcohol (2007-2020) by
the National Health and Medical Research Council (NHMRC)
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(Alcohol Guidelines Project Team, 2020). The systematic re-
view was performed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Moher et al., 2009), and was not preregistered. Our review synthe-
sizes new literature that assessed the relationship between chronic
alcohol use and the risk of disease, published between 2017 and
2022. The disease categorizations used for this study were based
on those reported by the Institute for Health Metrics and Evaluation
(IHME; Griswold et al., 2018) and the World Health Organization
(WHO, 2018). Based on these disease categorizations, a total of
18 disease categories were identified as causally related to alcohol
use (as per IHME; Griswold et al., 2018), the WHO (World Health
Organization, 2018), and the International Agency for Research on
Cancer (IARC; IARC Working Group, 2012).

Search strategy

A systematic electronic search was performed using PubMed,
PsycNET, Embase, Cochrane Database of Systematic Reviews,
Database of Abstracts of Reviews of Effects, Health Technology
Assessment Database, Joanna Briggs Institute (JBI) Database of
Systematic Reviews, and Epistemonikos. The search was limited to
articles published from January 1, 2017, to March 8, 2021. All ar-
ticles included in the systematic review that described studies per-
formed as part of the process to formulate the Australian Guidelines
to Reduce Health Risks from Drinking Alcohol were also included in
this review (Alcohol Guidelines Project Team, 2020). Full details of
the systematic search strategy, including keywords used and all gray
literature sources examined, can be found in the Appendix S1.

Inclusion and exclusion criteria

Articles were included if the following criteria were met: (a) a system-
atic review of epidemiological studies, (b) published in either English
or French, (c) the primary exposure of interest was chronic alcohol
use, (d) the comparator was people who have never consumed at
least one standard drink of alcohol (i.e., lifetime abstention), (e) the
primary outcome was disease occurrence and/or mortality from a
disease; (f) the disease was considered causally related to alcohol
use as determined by the IHME (Griswold et al., 2018), the WHO
(World Health Organization, 2018), or the IARC (IARC Working
Group, 2012); (g) the confounding factor of age was adjusted for
in the underlying risk estimates; and (h) a dose-response or dose-

stratified meta-analysis of RRs, ORs, and/or HRs was performed.
Data extraction, quality assessment, and
selection of the most relevant systematic reviews

An information specialist screened the search results and removed
duplicates and any articles that were clearly outside the scope of
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the project based on titles and abstracts. Two investigators inde-
pendently assessed the articles for title and abstract inclusion, and,
subsequently, both assessed the articles for full text eligibility; any
discrepancies were resolved through discussion between the two in-
vestigators. Each investigator extracted data, which was then cross-
checked by the other investigator.

From each relevant article, we extracted authors' names, publica-
tion date, study design, sex of study participants, number of studies
included in the systematic review, the systematic review's inclusion
and exclusion criteria, ascertainment of alcohol consumption, mea-
sures of association (RR, OR, and/or HR), reference group used to
measure the RR, OR, and/or HR, and the 95% confidence intervals.
Continuous RR functions were extracted from the reviews when pro-
vided. If continuous RR functions were not provided, then categori-
cal RR estimates were extracted. When risk functions were graphed
but not provided, authors were contacted for further details.

All full-text studies were assessed for eligibility through the
Population, Exposure, Comparator, and Outcomes (PECO) frame-
work. If an identified systematic review met the PECO criteria, it was
screened for its methodological quality using the criteria from the A
MeaSurement Tool to Assess systematic Reviews (AMSTAR 2) and
Risk of Bias in Systematic Reviews (ROBIS) tools. The quality of the
14 included systematic reviews was evaluated using the Grades of
Recommendation, Assessment, Development and Evaluation (GRADE)
system, and AMSTAR 2 instrument to rate the evidence for an associa-
tion between alcohol and disease occurrence (Balshem et al., 2011). Ifa
particular disease was considered by more than one systematic review
and/or meta-analysis which met the GRADE and AMSTAR 2 criteria,
our systematic review selection prioritized the most recent systematic
review which adjusted for the most potential confounding factors, had
a large number of cohort studies, and reported cohort studies where
participants were younger in age at baseline. The systematic reviews
that met the inclusion, exclusion, and GRADE criteria, but which were

not selected, are listed in the Supplement (see Table S1).

Relative risk estimates

The RR estimates were extracted for each of the disease categories
examined from the selected 14 meta-analyses. In each study, the
extracted RR estimates were modeled either based on categories
of alcohol use or based on a continuous distribution. RRs based on a
continuous distribution were based on either a RR for an incremen-
tal amount of alcohol consumed (e.g., a RR for every 10g increase in
average daily consumption) or a RR that was modeled based on poly-
nomials or splines to account for a curvilinear RR. Each RR estimate
compares the relative changes in risk from a certain level of average
drinking against the risk of a lifetime abstainer (Rehm et al., 2001).
The reference group of lifetime abstention instead of abstention is
often selected as the abstention group includes lifetime abstainers
and former drinkers (Rehm et al., 2008). The RRs presented in this
manuscript are based on data directly extracted from the manuscript
and no transformations or imputations were applied to these RRs.

All tables and figures were constructed using the statistical pro-
gram R. The R code used to produce all figures and tables presented

in this manuscript is attached to this manuscript as Appendix S1.

RESULTS

From the original review by the National Health and Medical Research
Council (NHMRC) (Alcohol Guidelines Project Team, 2020), we ex-
tracted 38 studies (of which 13 mapped on to disease categories from
the WHO and IHME). The updated search resulted in 5953 references
(after the removal of duplicate references); after screening of titles and
abstracts, 239 full-text reviews were assessed for eligibility. Articles
that did not meet quality inclusion criteria or did not examine the im-
pact of alcohol use in a dose-response manner on infectious and non-
communicable diseases were excluded from the review. Of the 239
studies, a total of 50 studies fulfilled the eligibility criteria for this over-
view. Among these studies, 14 were selected as the highest quality sys-
tematic reviews (see Table 1 and Figure 1). Table S1 in the Appendix S1
outlines the rationale for the selection of each of the 14 studies.

An overview of the conditions that evaluated the effects of
chronic alcohol consumption and the number of meta-analyses
found for each disease category are presented in Table 1. Results
are presented by major disease categories causally related to alcohol
use. Tables 2-4 present for each systematic review the search date,
exposure definitions, outcome definitions, statistical analysis, sex-
specific analysis, and the number of studies included in the analysis.
The OR and RR functions and categorical estimates extracted from
each paper are also presented in Tables 2-4. The inclusion and exclu-
sion criteria of each study are listed in Table S2 in the Appendix S1.
Across all meta-analyses, a total of 364 studies were included in the
underlying analyses (208 cohort studies and 155 case-control stud-
ies; see Table S2). These tabulations count once those studies which
are sex-specific RRs (i.e., studies that provide sex-specific RRs are
counted as one unique study and not two studies). The increases
and decreases in risk per gram of alcohol consumed are presented in
Table 5 as well as in Figures S1-S4 in the Appendix S1.

Communicable, maternal, perinatal, and
nutritional conditions

The systematic review for tuberculosis by Imtiaz et al. (2017b)
met all GRADE and AMSTAR 2 criteria and thus was selected for
inclusion. The systematic review for lower respiratory infections by
Samokhvalov et al. (2010b) was limited in its reporting of the charac-
teristics of the studies included (the review did not include the ages
of participants in the underlying studies) and did not undertake a
quality assessment of the studies included in the systematic review;
however, the Samokhvalov study did meet all other quality crite-
ria and, thus, was selected for inclusion. Both systematic reviews
reported dose-response RRs, but did not report sex-specific RRs
(Imtiaz et al., 2017; Samokhvalov et al., 2010b).
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TABLE 1 Major disease categories causally related to alcohol, International Statistical Classification of Diseases and Related Health
Problems (ICD-10) codes, and the systematic reviews identified upon full-text review.

Outcome

ICD 10 codes

Communicable, maternal, perinatal, and nutritional conditions

Infectious and parasitic diseases
Tuberculosis
Respiratory infections
Lower respiratory infections
Noncommunicable diseases
Malignant neoplasms
Mouth and oropharynx cancers

Lip and oral cavity and other
pharyngeal cancers

Esophageal cancer
Colon and rectum cancers

Liver cancer

Breast cancer
Larynx cancer

Diabetes mellitus

Neurological conditions

Epilepsy

Cardiovascular diseases
Hypertensive heart disease
Ischemic heart disease
Stroke

Ischemic stroke

Intracerebral hemorrhage
Subarachnoid hemorrhage
Atrial fibrillation and flutter
Digestive diseases
Cirrhosis of the liver

Pancreatitis

A15-19, B90

J09-22, P23, U04

C00-08; C09-10, C12-14

C15
C18-21
C22

C50
C32

E10-14 (minus E10.2-10.29,
E11.2-11.29,E12.2,
E13.2-13.29,E14.2)

G40-41

110-15
120-25

G45-46.8,163-63.9,165-66.9,
167.2-67.848,169.3-69.4

161-162, 162.9, 169.0-169.298
160-160.9, 167.0-167.1
148

K70, K74
K85-86

The risk of tuberculosis and lower respiratory infections in-
creased with higher levels of alcohol consumption, with the risk of
tuberculosis rapidly increasing to a RR of 1.57 at 25g/day and 2.46
at 50g/day (Imtiaz et al., 2017) compared to a RR of 1.13 and 1.27 for
lower respiratory infections at 25g/day and 50g/day, respectively
(Samokhvalov et al., 2010b).

Noncommunicable diseases

The systematic review by Bagnardi et al. (2015) was selected for
oropharyngeal cancer, esophageal cancer, and larynx cancer. The

No. of meta-

analyses examined At least one study met GRADE criteria

5 Imtiaz et al. (2017b)
3 Samokhvalov, Irving, & Rehm (2010)
1 Bagnardi et al. (2015)
7 Bagnardi et al. (2015)
5 Vieira et al. (2017)
2 World Cancer Research Fund/American
Institute for Cancer Research (2018)
2 Sun et al. (2020)
1 Bagnardi et al. (2015)
4 Knott et al. (2015)
1 Samokhvalov, Irving, Mohapatra, &
Rehm (2010)
4 Liu et al. (2020)
1 Zhao et al. (2017)
2 Larsson et al. (2016)
2 Larsson et al. (2016)
Larsson et al. (2016)
2 Larsson et al. (2014)
5 Roerecke et al. (2019)
1 Samokhvalov et al. (2015)

systematic review was limited as it did not include a table of study
characteristics by cancer site; however, it did meet all other inclusion
criteria. The systematic review by Vieira et al. (2017) was selected for
colorectal cancer. This review was limited as it did not provide the key
words and/or MESH terms used to provide the systematic search, did
not provide a clear description of the outcomes examined, did not
undertake a quality assessment for the articles examined, and did not
provide a clear description of the population studied. The system-
atic review by the World Cancer Research Fund International was
selected for liver cancer (World Cancer Research Fund/American
Institute for Cancer Research, 2018). This review was limited as only
PubMed was searched for relevant articles. For breast cancer, the
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[ Previous studies ] [ Identification of new studies via databases and registers

Identification

Studies included in Records identified from*:
previous version of Databases (n = 5884) (n = 325)
review (n = 38) Grey literature (n = 31)

Records removed before
screening:
Duplicate records removed

Records removed for other
reasons (n = 4848)

\4

Records screened
(n=780)

A 4

Records excluded**
(n=541)

v

\ 4

(n = 239)

Reports sought for retrieval Reports not retrieved

(n=0)

\ 4

Screening

(n = 239)

Reports assessed for eligibility

Reports excluded:
> Did not meet the PEO/study
type criteria (n = 150)

No causal relationship with
alcohol consumption (n = 26)
No ICD-10 code available
(n=3)

Reverse causality with
alcohol consumption (n=1)
Not a fatal disease (n=4)
Alcohol consumption while
pregnant (n=5)

(n =50)

Studies included in review No dose response (n = 5)

Reports excluded:

—_— Methods of the analysis
insufficient (n = 11)
Newer review identified

Included

and/or met more criteria
(n=20)

(n=14)

Total studies included in review

FIGURE 1 Systematic search flow diagram.

systematic review by Sun et al. (2020) was selected for inclusion. This
review was limited as it did not provide a clear description of the pop-
ulations it covered. All systematic reviews reported dose-response
RRs and sex-specific RRs (except for lip and oral cavity and other
pharyngeal cancers, or for esophageal or larynx cancers; Bagnardi

et al.,, 2015; Sun et al.,, 2020; Vieira et al., 2017; World Cancer
Research Fund/American Institute for Cancer Research, 2018).

The risk of oral cavity and pharyngeal cancers increased the
most rapidly with higher levels of alcohol consumption, with the risk
increasing to a RR of 1.81 at 25g/day and 3.12 at 50g/day (Bagnardi
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et al.,, 2015), compared to a RR of 1.39 and 1.93 for esophageal can-
cer (Bagnardi et al., 2015), 1.42 and 1.98 for larynx cancer (Bagnardi
et al., 2015), 1.18 and 1.40 for colorectal cancer (Vieira et al., 2017),
1.10 and 1.22 for liver cancer (World Cancer Research Fund/
American Institute for Cancer Research, 2018b), and 1.26 and 1.58
for breast cancer (women only; Sun et al., 2020), for each at 25 g/day
and 50g/day, respectively.

Diabetes

For diabetes mellitus, the systematic review by Knott et al. (2015)
was selected, and it reported dose-response RRs and sex-specific
RRs. The systematic review by Knott et al. (2015) met all GRADE
and AMSTAR 2 criteria. Among males, the risk of diabetes mellitus
gradually increased to a RR of 1.01 at 25g/day and 1.04 at 50g/day,
compared to females where alcohol consumption had a protective
effect with a RR of 0.67 and 0.66 at 25 and 50g/day, respectively.

Neurological conditions

For neurological conditions, one systematic review was identified
upon full-text review on the association between alcohol consump-
tion and epilepsy. The systematic review for epilepsy by Samokhvalov
et al. (2010c) was limited in its reporting of the characteristics of the
studies included (it did not include the ages of participants in the
underlying studies) and did not undertake a quality assessment of
the studies included in the systematic review; however, this study
met all other quality criteria and, thus, was selected for inclusion.
Samokhvalov et al. (2010c) reported dose-response RRs, but did not
report sex-specific RRs. The risk of epilepsy increased with higher
levels of alcohol consumption, with a RR of 1.37 at 25g/day and 1.86
at 50g/day (Samokhvalov, Irving, Mohapatra, & Rehm, 2010).

Cardiovascular diseases

The systematic reviews selected for hypertension (Liu et al., 2020)
and for ischemic stroke, intracerebral hemorrhage, and subarach-
noid hemorrhage (Larsson et al., 2016) met all GRADE and AMSTAR
2 criteria and, thus, were selected for inclusion. The study by Larsson
et al. (2014) for atrial fibrillation and flutter was limited as only
PubMed was searched for relevant studies; however, all other qual-
ity criteria were met and, thus, this study was selected for inclusion.
The systematic review by Zhao et al. (2017) for ischemic heart dis-
ease was limited as a clear description of the outcomes was not pro-
vided, and no specific quality assessment tool for studies included
in the review was used; however, all other quality criteria were met
and, thus, this study was selected for inclusion (Zhao et al., 2017).
The systematic review by Larsson et al. (2014) for atrial fibrillation

and by Liu et al. (2020) for hypertension provided a dose-response

RRs. The systematic review by Liu et al. (2020) for hypertension pro-
vided sex-specific RRs. The risk of atrial fibrillation increased with
higher levels of alcohol consumption, with a RR of 1.17 at 25g/day
and 1.38 at 50g/day (Larsson et al., 2014). For the association be-
tween hypertension and alcohol consumption, the risk of hyperten-
sion increased with higher levels of alcohol consumption, with a RR
of 1.28 at 25g/day and 1.40 at 50g/day among men, compared to a
RR of 1.15 and 1.32 among women at 25 g/day and 50 g/day, respec-
tively (Liu et al., 2020).

The systematic review by Zhao et al. (2017) for ischemic heart
disease and by Larsson et al. (2016) provided categorical RR esti-
mates and did not provide RR estimates by sex. For the risk of isch-
emic heart disease, a protective effect was seen at lower levels of
alcohol use (<25g/day), with a RR of 0.95 (Zhao et al., 2017); how-
ever, the risk of ischemic heart disease increased with higher lev-
els of alcohol consumption, with a RR of 1.04 at 25 to <45g/day,
a RR of 51.07 at 45 to <65g/day, and a RR of 1.15 at 65g/day or
more (Zhao et al., 2017). The risk of ischemic stroke, intracerebral
hemorrhage, and subarachnoid hemorrhage increased with higher
levels of alcohol consumption. For ischemic stroke, the RR was 0.90,
0.92, 1.08, and 1.14 for people who consumed <12. 12 to 24, >24
to 48, and=48g/day of alcohol, respectively (Larsson et al., 2016).
For intracerebral hemorrhage, the RR was 0.92, 0.99, 1.25, and 1.67
for people who consumed <12. 12 to 24, >24 to 48, and 248g/day
of alcohol, respectively (Larsson et al., 2016). For subarachnoid
hemorrhage, the RR was 1.21, 1.11, 1.39, and 1.82 for people who
consumed <12. 12 to 24, >24 to 48, and 248g/day of alcohol, re-
spectively (Larsson et al., 2016).

Digestive diseases

The systematic review for liver cirrhosis by Roerecke et al. (2019)
was limited as it did not provide a clear description of the popula-
tion covered by the systematic review; however, the review met
GRADE and AMSTAR 2 criteria and, thus, was selected for inclu-
sion (Roerecke et al., 2019). The systematic review for pancrea-
titis by Samokhvalov et al. (2015) was limited as it did not report
the number of males and females from each study or the ages of
the participants included in each study, but it did meet GRADE and
AMSTAR 2 criteria and, thus, was selected for inclusion. Both sys-
tematic reviews reported dose-response RRs and sex-specific RRs
(Roerecke et al., 2019; Samokhvalov et al., 2015). The risk of liver
cirrhosis increased with higher levels of alcohol consumption, with
the risk of rapidly increasing to a RR of 5.11 at 25g/day and 10.01 at
50g/day among women, compared to a RR of 2.02 and 4.06 among
men at 25g/day and 50g/day, respectively (Roerecke et al., 2019).
As for pancreatitis, the risk increased with higher levels of alcohol
consumption among men, with the risk rapidly increasing to a RR of
1.54 at 25g/day and 2.38 at 50g/day, compared to a RR of 0.76 at
25g/day (a protective effect) and 1.58 at 50g/day among women
(Samokhvalov et al., 2015).
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Sex-specific dose-response risks

Sex is a modifier of the dose-response relationships between
alcohol consumption and some chronic diseases and conditions.
Sex-specific RRs were available for colorectal cancer, liver cancer,
diabetes mellitus, hypertension, liver cirrhosis, and pancreatitis.
Higher RRs are currently seen among men for colorectal cancer,
diabetes mellitus, hypertension, and pancreatitis (see Table 5).
Among women, higher levels of alcohol consumption increase
the risk of breast cancer, while protective effects are seen for
diabetes mellitus. However, the statistical significance of these
differences was not assessed. With pancreatitis, while a protec-
tive effect is seen among women at lower alcohol intake levels
(<35g/day), the risk of pancreatitis increases to a RR of 1.58 at
50g/day (Samokhvalov et al., 2015). Further, the risk of liver cir-
rhosis among women is more than double (RR: 5.11 at 25g/day;
10.01 50g/day) the risk among men (RR: 2.02 at 25g/day; 4.06
at 50g/day; Roerecke et al., 2019). Similarly the RR of liver can-
cer per gram of alcohol consumed is higher among women when

compared to men.

DISCUSSION

This review indicates that alcohol use increases the risk of multiple
diseases in a dose-response manner. There is a clear detrimental im-
pact on health from higher levels of alcohol consumption. Although
statistical significance of sex differences was not assessed, it was
observed that men had a higher risk of developing colorectal cancer,
diabetes mellitus, hypertension, and pancreatitis per gram of alco-
hol consumed compared to women. The reason for this elevated risk
is not clear and further research is necessary to fully understand
the complex interplay between sex, alcohol consumption, and these
health outcomes. One potential explanation is that men may have
a greater tendency to engage in heavy episodic drinking (Rehm
et al., 2017). However, other factors such as differences in alcohol
metabolism may also contribute to the observed sex differences in
the noted relative risks (Rehm et al., 2017).

This review only considered those diseases which are coded
using the ICD-10 coding system and which are fatal, or if nonfatal are
monitored by either the WHO or the IHME. Accordingly, a total of
18 diseases and conditions were included where there was a quan-
tification of the dose-response risk relationship between chronic
alcohol consumption and the occurrence of and/or mortality from
these infectious or noncommunicable diseases. Unfortunately, the
quantification of causality is difficult for other categories in which
alcohol consumption is a component cause. Other disease catego-
ries identified but not included within this review include osteoporo-
sis, gout, dementia, cognitive decline/function, depression, sexually
transmitted diseases, fertility, gallstone disease, lupus, and chronic
kidney damage. Specifically for osteoporosis (ICD 10 code: M81)
and gout (ICD 10 code: M10), alcohol may be related to these dis-
eases, but they are not considered fatal, and therefore, these disease

categories could not be used to model the lifetime risk of an alcohol-
attributable death. For other disease categories, gallstone disease
(ICD 10 code: K80), lupus (ICD 10 code: M32), and chronic kidney
damage (ICD 10 code: N18), a causal relationship between alcohol
use and the disease has not been established. As for the other dis-
ease categories, alcohol may be related, but as mortality and morbid-
ity data are coded using the ICD-10 coding system, we were not able
to consider symptoms when modeling lifetime alcohol-attributable
risk curves. In addition, within the evidence base of the 14 meta-
analyses included in the review, 10 were published in or before
2016. Thus, these results indicate a need for more studies to fill the
research gaps in order to provide the most up-to-date and robust
evidence on the associations between alcohol consumption and var-
ious chronic diseases and conditions.

The reference group selected was lifetime abstention instead
of abstention, as the abstention group includes lifetime abstainers
and former drinkers. Lifetime abstainers and former drinkers have
different risk levels, and if combined as a reference group, more cur-
vilinear relationships will result, which may underestimate the risk
and indicate the lowest risk at low to moderate levels of drinking
(Rehm et al., 2008). Research indicates curvilinear dose-response
relationships overestimate the protective effect or falsely create a
curvilinear curve, when in actuality it should be a monotonous rela-
tionship (Sarich et al., 2019; Zhao et al., 2017). This does not indicate,
however, that there are no curvilinear relationships between alcohol
use and disease outcomes, as there are known protective effects
of light to moderate drinking on ischemic heart disease, ischemic
stroke, diabetes mellitus (women only), and pancreatitis (women
only), as mentioned above.

Limitations

The RRs included in the review are also limited by numerous biases.
This review also focused on RRs for total volume of alcohol use;
however, chronic alcohol use impacts health and disease occurrence
based on two dimensions, namely, overall levels of consumption and
patterns of drinking. The measurement of chronic alcohol use is per-
formed using cross-sectional self-reported measurements of alcohol
use, thus introducing some biases. This one-time baseline measure-
ment is followed up years later creating regression dilution bias as
the time interval impacts the magnitude of the underestimation of
the real association (Clarke et al., 1999). The self-reporting of alcohol
use in research is subject to social desirability bias, which may lead to
an underestimation of alcohol use in medical epidemiology studies
(Stockwell et al., 2018).

The selection of only one review per outcome may be a lim-
itation as for some outcomes there were multiple reviews that
met the minimum criteria for inclusion. As this was not a scoping
review, we included the highest quality review based on the cur-
rency and quality.

This study is also limited depending upon the recency of the sys-
tematic review. For example, the reviews of how alcohol use impacts
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cardiovascular outcomes do not include recent studies, some of
which used a Mendelian-randomization methodology, which ac-
counts for the potential confounding effects of genetic factors
(Koellinger & De Vlaming, 2019). In contrast to the reviews included
in this systematic review, these Mendelian-randomization studies
do not observe a significant protective effect of low-level alcohol
consumption on cardiovascular disease (Larsson et al., 2020; van de
Luitgaarden et al., 2021).

What this study adds to the previous
systematic review

Compared to the previous systematic review, the current systematic
review updates the RRs for liver cirrhosis (from Rehm et al., 2010 to
Roerecke et al., 2019), hypertension (from Briasoulis et al., 2012 to
Liu et al., 2020), breast cancer (from World Cancer Research Fund/
American Institute for Cancer Research, 2018b to Sun et al., 2020),
colorectal cancer (from World Cancer Research Fund/American
Institute for Cancer Research, 2018 to Vieira et al., 2017), and tu-
berculosis (from Lonnroth et al., 2008 to Imtiaz et al., 2017). The
currents systematic review adds RRs for stroke by subtype (Larsson
et al., 2016), ischemic heart disease (Zhao et al., 2017), and lower
respiratory infections (Samokhvalov, Irving, & Rehm, 2010), which
were not included in the previous systematic review (see Table S1).
The systematic reviews for Larsson et al. (2016) and Samokhvalov,
Irving, and Rehm (2010) were published before 2017, were identi-
fied through gray literature search, and were not identified during
the previous systematic search. Accordingly, this article presents up-
dated information on the risk relationships between alcohol use and
disease occurrence and/or mortality for a numerous of additional
disease categories when compared to the previous systematic re-
view. In particular, the addition of RRs for ischemic heart disease
and stroke are vital to modeling the impact of alcohol on health as
alcohol may have a protective effect on these diseases at low levels
of consumption.

Public health relevance

The findings of this study have multiple clinical and public health
applications. Firstly, this study updates the systematic review by
NHMRC and provides a updated list of RR estimates for the relation-
ships between chronic alcohol use and disease occurrence/mortality.
Itis critical to know dose-response relationships based on overall lev-
els of consumption in order to estimate the burden of disease attrib-
utable to alcohol use (i.e., the burden of disease that would not occur
in a given year if everyone was a lifetime abstainer; World Health
Organization, 2018) and to formulate low-risk drinking guidelines (in
particular, the RRs outlined in this study were used in a mathematical
model to determine the 2022 update of Canada's Low-Risk Drinking
Guidelines (LRDGs; Paradis et al., 2023)). It is also critical to know
dose-response relationships based on overall levels of consumption

[&S I;BI‘;A
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to model the impact on health of potential treatments for alcohol use
(see: Rehm et al., 2013 for an example) and to model the potential
impacts of public health policies on population health (see: Rovira
etal., 2021 for an example). In clinical practice, the RRs can help phy-
sicians communicate to their patients the impact of alcohol use on
disease risk. In particular, the RRs presented in this article can be
combined with the disease occurrence among lifetime abstainers to
estimate the statistic of “number needed to harm” (i.e., the fraction of
people who consume alcohol who will also either develop and/or die
from a disease in a given time period; Berry et al., 2006).

Secondly, this review has implications on our knowledge of the
impact on health of low volume alcohol use. This review calls into
question the public's perception of the health benefits of low volume
alcohol use. Men who consumed 10g/day (1 WHO standard drink)
experienced a significant protective effect for ischemic stroke; how-
ever, significant increases in health risks were observed for tuber-
culosis, lower respiratory infections, oral cavity and pharynx cancer,
esophageal cancer, colorectal cancer, liver cancer, larynx cancer, di-
abetes mellitus, epilepsy, hypertension, atrial fibrillation and flutter,
liver cirrhosis, and pancreatitis at this drinking level. Women who
consumed 10g/day experienced a significant protective effect on
diabetes, ischemic stroke, and pancreatitis risk; however, significant
increases in health risk were observed for tuberculosis, lower respi-
ratory infections, oral cavity and pharynx cancer, esophageal cancer,
colorectal cancer, liver cancer, breast cancer, larynx cancer, epilepsy,
hypertension, atrial fibrillation and flutter, and liver cirrhosis at this
drinking level. While an individual's overall health risk depends on
their alcohol use and co-occurring risk factors, this study demon-
strates that there are significant health risks for numerous diseases
among both men and women at lower levels of alcohol consumption.

The health risks of alcohol at lower levels of consumption are
of particular concern given the public's lack of knowledge on the
topic. For example, despite the magnitude of the cancer health bur-
den caused by alcohol, and the fact that alcohol has been designated
a carcinogen by both the IARC Monograph program (IARC Working
Group on the Evaluation of Carcinogenic Risks to Humans, 2012)
and the World Cancer Research Fund Continuous Update Project
(World Cancer Research Fund/American Institute for Cancer
Research, 2018a), to a great extent the public is not aware that
alcohol use causes cancer, and drinkers, racial/ethnic minorities,
and those with lower levels of education are even less likely to be
aware of the link between alcohol use and cancer (Scheideler &
Klein, 2018). Accordingly, information on the risks of alcohol use and
its impact on health are vital to health promotion efforts.

Conflicting health messages relating to alcohol use lead to confu-
sion, not only for alcohol users but also for family practitioners who
provide patients with health advice and for policy makers who set
public health policies. As stated above, research has unequivocally
shown that the consumption of even small amounts of alcohol can
lead to negative health effects. Therefore, there is a need for a con-
sensus as to unequivocal public health messaging regarding alcohol
use so that people understand that less consumption of alcohol is
better for their health.
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CONCLUSIONS

Alcohol increases the risk of infectious and noncommunicable dis-
eases in a dose-response manner. Higher levels of alcohol consump-
tion have a clear, detrimental impact on health; however, lower
levels of use can have both disease-specific protective as well as
detrimental effects on health. Future research is required to fully
understand the modifiers of dose-response relationships, including

sex, age, socio-economic status, and genetic constitution.
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