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1 Abstract

Background

There are substantial inequalities in alcohol-related mortality related to individual-level education,
income, and employment status, but less is known about the association between alcohol-related
mortality and the geographic characteristics of an area. This systematic review aims to explore
whether area-level features, including area-level measures of socioeconomic status, are associated

with alcohol-attributable mortality.
Methods

We systematically searched Medline (Ovid), CINAHL, EMBASE, PsycINFO, Web of Science, Emerald
Insight, and Epistemonikos databases (2004 — 2024), supplemented with searches of grey literature,
for primary quantitative studies conducted in high-income countries. Eligible studies examined
associations between alcohol-attributable morality and one or more geographic characteristic.
Studies were quality appraised using the loanna Briggs Institute Critical Appraisal Checklist for
Analytical Cross-Sectional Studies, the Critical Appraisal Skills Programme for cohort studies, and the
National Heart, Lung and Blood Institute checklist was adapted for assessing ecological studies. The

findings were synthesisad narratively. PROSPERO ID: CRD42024499928.
Results

The searches identified 73 eligible studies covering mortality from a range of alcohol-attributable
conditions, including chronic alcohol-specific conditions (e.g. alcohol-related liver disease) and
alcohol-related incidents (e.g. road traffic collisions, suicides). Study quality was found to be good in
most cases. Urban-rural location was the most common exposure and alcohol-specific mortality was
the most common outcome measured in the included studies. Of the 34 studies examining area-level
socioeconomic deprivation, all studies found a positive association between deprived areas and

alcohol-attributable mortality. Of the 49 studies that examined urban-rural location, 26 (53.1%)

Page 3



The association between alcohol-related deaths and area-level socioeconomic deprivation and other geographic characteristics in high-
income countries

found a positive association between rural location and alcohol-attributable mortality. Fourteen
studies (28.6%) found urban location significant. Rural locations were particularly associated with

alcohol-related road traffic collisions and suicides.
Conclusions

Greater area-level deprivation and rurality are associated with higher rates of alcohol-related

mortality.

Key words: Alcohol mortality, geography, urban-rural, area-based socioeconomic status,

deprivation

2 Background

The United Nations (UN) Sustainable Development Goals (SDGs) require countries to reduce harmful
use of alcohol and inequalities in outcomes (1). Alcohol use is the tenth leading cause of death and
losses in disability-adjusted life years, and is responsible for 5.3% of all deaths globally (2). Despite an
overall decline in per capita alcohol use across high-income countries (from an average of 8.9 litres of
in 2011 to 8.6 litres in 2021), alcchol-attributable mortality has increased in many of these countries
(3-5). Associated not only with chronic conditions including alcohol dependence, alcohol-related
liver disease, cardiovascular disease, and cancer, alcohol use is also associated with traumatic
incidents such as suicide, drowning, residential fires, homicide and road traffic collisions (RTC) (6—10).
For example, drink driving, which is well-recognised as a risk factor for injuries and death related to
RTCs, remains high globally despite extensive road safety campaigns and drink-driving legislation
(11). Globally, 1.35 million people die every year due to RTCs (12) and between 5%—35% are alcohol-

related (13).

Alcohol use and related health harms are influenced by a range of characteristics at an individual-
level, such as sex, age, ethnicity and employment status and these have been examined in detail in

three systematic reviews (14-16). These reviews found that, firstly, alcohol use was responsible for
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about 27% of the health differences between different socioeconomic groups, and that drinking
patterns, especially heavy episodic drinking, were particularly important in explaining these health
outcomes (16). Secondly, educational attainment is an important indicator of alcohol-attributable
mortality, with lower education levels associated with increased alcohol-attributable mortality (15).
Thirdly, lower individual socioeconomic status (SES) was found to be associated with increased
alcohol-attributable mortality compared with all-cause mortality (14). This is despite evidence
indicating that individuals residing in affluent neighbourhoods with higher SES are more likely to
consume alcohol frequently and in greater quantities (17). Importantly, despite higher consumption
patterns, their individual-level SES provides a protective effect against alcohol-attributable mortality

(18). This phenomenon is referred to as the Alcohol Harm Paradox (AHP) (19-21).

Area-level factors also shape alcohol use and related-health outcomes, including mortality, as
defined by the ecosocial theory (22-24). The ecosocial theory is a framework used to understand the
complex relationships between social factors and disease distribution and integrates biological,
psychosocial, and ecological perspectives to explain how social determinants impact health
outcomes throughout a person's life (25). The ecosocial theory explains how our bodies physically
incorporate the environment and social conditions we live in and so our health is shaped by our
surroundings and experiences over time. The theory highlights how exposures to risks,

vulnerabilities, and resistances to disease are shaped by SES and life experiences.

These area-based features include the built environment, and community features such as service
availability, and transportation (26—-30) and studies have shown that these factors influence alcohol
use and its related health impacts (31-34). For example, the association between the higher density
of premises selling alcohol within a neighbourhood and increased alcohol use and related-harm has
been well documented (35-41). Area-level characteristics are important to consider, particularly in

rapidly changing communities.
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Several previous reviews have explored the relationship between area-level characteristics and
mortality, and some have included alcohol-related deaths as part of their broader analyses. For
example, rural areas have been identified as settings with a higher incidence of fatal RTCs and

suicides, with alcohol mentioned in some cases as a potential contributing factor (27,42-46).

Systematic reviews examining the literature on “deaths of despair” (i.e. suicide, drug poisoning, and
alcohol-related liver disease deaths) similarly report elevated mortality in rural and
socioeconomically deprived areas, particularly in communities affected by structural economic
changes, such as job losses in manufacturing industries (46,47). A limitation of these reviews is that
drug-related deaths and suicides are grouped with alcohol-related deaths under the umbrella term
‘deaths of despair’ which may mask differences in underlying causes and risks. Related work on how
area-level social determinants influence health inequalities (27) further highlights strong links

between area-level deprivation and alcohol-related harms, including RTCs and liver disease (48) .

Additionally, several reviews have investigated urban—rural differences in all-cause mortality, that
include deaths attributable to alcohol (49,50), as well as the spatial distribution of other drug-related
mortality (51). Previous reviews have not brought together the wider literature on area-based
characteristics and alcohol-attributable mortality. This study aims therefore to conduct a systematic
review of literature on the relationship between area-level characteristics and alcohol-related

mortality in high-income countries.

3 Methods

The study protocol for this systematic review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (52) and was preregistered in PROSPERO (registration number

CRD42024499928) (53).

3.1 Search strategy
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A systematic literature search of seven databases was conducted between 29" December 2024 and
3™ January 2025. The search strategy included terms related to deaths (e.g. death* or mortality* or
fatal*), and alcohol (e.g. alcohol*), as well as alcohol-specific conditions (e.g. alcohol* adj hepatit*,
adj liver*, adj poisoning, adj pancreatitis or accidents or traffic or road), and geographic features
(e.g. socio?economic or SES or disadvantage*or social inequ*or urban or rural or geographi*

variation or spatial inequalities or neighbo*rhood or hotspot).

Supplementary Table 1 provides the search terms used for Medline (Ovid), CINAHL, EMBASE,
PsycINFO, Web of Science, Emerald Insight, and Epistemonikos. Studies were included if they were
published since 2004 (i.e. the last 20 years) to ensure findings have contemporary relevance for
informing recommendations for policy and practice. Grey literature searching included searches of
Google, Google Scholar, and websites of relevant organisations (See Supp!ementary Table 2) as well

as backwards and forwards citation checking of included studies and of key systematic reviews.

3.1.1 Population

The population for this study is the generai population with no restrictions on age and was limited to
studies of Organization for Economic Cooperation and Development (OECD) high-income countries,
as classified by the World Bank (54). This restriction was applied due to differing alcohol
consumption patterns and policies in low- or middle-income countries (13). Studies of specific
populations were excluded, such as those that limited the sample to people experiencing

homelessness, or those with a specific diagnosis or condition such as epilepsy.

3.1.2 Exposure

We include geographic characteristics measured at both individual-level (i.e. studies where
individuals are the unit of analysis and data is collected on geographic characteristics of where they
live, such as rurality) and area-level (i.e. studies where areas are the unit of analysis and both
exposure and outcome measures are area-based). Eligible characteristics include area-based

measures of deprivation including those that define the SES of an area based on domains such as
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income, employment, education, skills and training, health and disability, crime, housing, living
environment and/or ownership of specific goods or items. Other geographical characteristics of
interest include urban and rural differences, green areas or spaces, number and accessibility of
services, proportion of migrants within a specific area, density or prevalence of public amenities, or
neighbourhood cohesion. We did not include studies examining the association between density of
licensed premises and alcohol-related mortality due to the extensive review literature available on

this particular topic (35-37,55,56).

3.1.3 Outcome

The outcome is death directly due to alcohol use or related to alcohol use. Deaths were categorised
according to their diagnosis. We focused on four groups of alcohol-related deaths as they were
broadly presented in the literature. First, alcoholic-specific deaths where the cause of death was
directly attributable to alcohol consumption (See Supplementary Table 6) (57,58), second, alcohol-
related deaths in which the underlying cause of death was not necessarily directly attributable to
alcohol, but alcohol use played a significant role in the development or exacerbation (59—61), third,

alcohol-related RTCs, and fourth, alcohol-related suicides.
Study design

Study design was limited to full papers reporting original research findings (not conference abstracts,
commentaries, etc.); in English (or were translatable into English using Deepl translation tool).
Quantitative study designs were eligible for inclusion and where a study used mixed methods, the
guantitative element was included. Although systematic reviews and meta-analyses were not

included, their citations (forwards and backwards) were searched for additional studies.

3.2 Screening

The study selection process was guided by PRISMA guidelines to ensure transparency and

methodological rigor, see Supplementary Table 7 for the PRISMA checklist. All records were
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deduplicated using EPPI-Reviewer and all titles and abstracts were screened in EPPI-Reviewer.
Prioritisation tools within EPPI-Reviewer were not used. The original authors of five studies were
contacted for further information or data to determine eligibility. One responded and provided raw
data (62) and the remaining four did not reply or were not contactable and these studies were

therefore excluded due to insufficient information.

3.3 Data extraction

Data was extracted from full text publications by AD. A data extraction form was developed and
included characteristics of the studies (study design, time period, location), participants (age group,
sex and sample size), measures (geographic characteristics examined, including tool used to measure
SES and/or urban-rural location and the type of alcohol-attributable death including ICD-10 codes, or
equivalent, if applicable), statistical methods used, and outcomes (main findings). Where cross
sectional or longitudinal studies examined changes in associatioris over time, the most recent

findings were considered.
3.4 Quality assessment

To assess risk of bias, a single reviewer (AD) carried out quality appraisal of included studies. The
studies used in this review were a mix of ecological studies, prospective cohort studies and cross-
sectional studies. We used the National Heart, Lung, and Blood Institute (NHLBI) Quality Assessment
Tool to assess the quality of the ecological studies in the absence of a more specific tool to address
this type of study design [42]. As ecological studies use aggregated population-based data to describe
an outcome in relation to an exposure and cannot prove causality, this study type is vulnerable to
ecological fallacy (63). Ecological studies are not usually on the hierarchy of evidence, as their role is
to suggest rather than prove causal relationships and therefore, for each ecological study, we
calculated an overall quality rating based on four items (3, 4, 5, and 14) from the tool most
appropriate for assessing ecological studies (Supplementary Table 3). These items identified the

aspects most likely to introduce bias through unrepresentative sampling and confounding. The NHLBI
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Quality Assessment Tool has limitations for ecological studies because it is designed for individual-
level data and does not account for group-level analysis, ecological fallacy, or context-specific biases
inherent in ecological designs. Although we considered the ROBINS | tool, it is designed for
interventional longitudinal studies rather than cross-sectional studies, which comprised a large
proportion of our research. It is important to note that all ecological studies have inherent biases,
particularly regarding confounding, and cannot be classified as low risk of bias. Consequently, all
studies would be at high risk of bias based on ROBINS I, preventing discrimination between higher

and lower quality studies.

We used the Critical Appraisal Skills Programme (CASP) checklist for longitudinal studies
(Supplementary Table 4), and we used the Joanna Briggs Institute Critical Appraisal for Analytical
Cross-Sectional Studies for cross-sectional studies (Supplementary Table 5). All studies were included
regardless of quality. We did not make qualitative comparisons across study designs, as each design
was appraised using tools tailored to its methodological structure, and direct comparisons of quality

or risk of bias are not appropriate.

3.5 Synthesis

A descriptive narrative synthesis of the study characteristics is presented followed by a synthesis of
the results by outcomes. Data from the included publications have been grouped according to the
cause of alcohol-attributable death and further organised by the geographic features of those
deaths. A meta-analysis was not conducted due to the variations in study designs and in the
population and exposures, making it difficult to combine results for meaningful analysis. We followed
the Synthesis Without Meta-analysis (SWiM) guideline, including its Explanation and Elaboration
document, to transparently report our narrative synthesis methods and decisions (See

Supplementary Table 8).

3.6 Changes to registered protocol
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Additional databases were searched in addition to those listed in the registered protocol. The
following databases were added after registering the protocol to broaden the search, Web of

Science, Emerald Insight, and Epistemonikos.

4 Results

The searches of electronic databases returned 9,294 records. A further 3,247 records were identified
through forwards and backwards citation checking and through grey literature searching
(Supplementary Table 2). Following de-duplication, 8,683 studies remained, of which 334 were

screened on full text and 73 studies met the inclusion criteria (Figure 1).

Due to the nature of this systematic review forming part of a PhD study, not all studies were double
screened, rather, a sample of 10% of studies matching the search terms were title and abstract
screened by a second reviewer (LM). Of the 88 studies with disagreements (primarily due to
clarifying the inclusion and exclusion criteria), all were reconciled via consensus by AD and LM. Full
text screening was completed by AD and again, the second reviewer screened 10% of these studies.

Agreement was reached on all but one, but this was reconciled subsequently.
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Records identified from database Additional records identified
searching through other sources
5 (n=9,294) (n=3,247)
=
L2
:;E v h 4
% Records after duplicates removed
= (n=8,683)
E Records screened Records excluded
'E n=8,683 (n=8,349)
o
[3)
N
y
Studies excluded: (n=261)
F . e  Alcohol-related deaths not distinguished from all-cause
> ull-text studies assessed for )
= eligibility —> mortality (n=56)
2 (n=334) e  Association between relevant variables not analysed
= (n=33)
w e  Case study (n=1)
e No geographical features (n=99)
e No original data* (n=56)
A e Not OECD country (n=1)
e Specific population (n=15)
B Studies included in systematic
3 review —_—
‘_é (n=73)
|

Figure 1 Studies identified through search and studies screened — PRISMA

*More up-to-date data available from same data source

4.1 Quality appraisal results

Overall, the quality of the included studies was good (See Supplementary Table 3, Supplementary
Table 4, and Supplementary Table 5). Using the NHLBI quality assessment tool, we considered seven
of the ecological studies to be moderate to high quality (64—70). The remaining ecological study

scored lower (71) due to not reporting variance and effect estimates.

Using the CASP checklist for cohort studies, the longitudinal studies scored moderate to high (n=23).
Two studies received a rating of low quality due to the findings not aligning with other available

evidence (62,72). We used the JBI Critical Appraisal Checklist for Analytical Cross-Sectional Studies.
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Nineteen cross-sectional studies were considered high quality, 19 were moderate, and two were low

quality (73,74) as confounding variables were not adequately considered.

4.1.1 Study characteristics

Table 1 provides details of the study characteristics of the 73 studies included. The countries with the
largest numbers of studies were the United States of America (USA) (n=18, 24.7%) followed by
Scotland (n=8, 11.0%) and Australia (n=8, 11.0%). Over one-third of the included papers were

published during the final four years of the study period 2021-2024 (n=28, 38.4%).

Alcohol-specific deaths were the outcome in more than half of the included studies (n=42, 57.5%)
and RTCs with involvement of alcohol use accounted for 17.8% (n=13). Urban-rural characteristics of
alcohol-attributable deaths were examined in 49 studies (67.1%) and various measures of area-based
SES were examined in 34 studies (46.6%). With the exception of one study that used the percentages
of people who were unemployed within an area only (75), ali other studies that examined area-based
SES used multi-criteria indices of deprivation, most commonly a combination of educational
achievement, employment status, housing tenure and/or car availability. Other geographical
characteristics examined in 8 stuadies included proportion of population with a migrant background
within an area, social fragmentation, and coastal or inland locations. A summary of the key

characteristics and results of the included studies can be found in Table 2.

Table 1 Study characteristics

Number of Ll
Study characteristics . included
studies .
studies
. Area-level 31 42.5
Design .
Individual level® 42 57.5
USA 18 24.7
Scotland 8 11.0
Australia 8 11.0
. Poland 6 8.2
Locationee
England 6 8.2
Canada 5 6.8
Finland 4 5.5
Northern Ireland 4 5.5
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Geographical
feature*

Type of
alcohol-
attributable
death

SES indicator

Year of study

Other

Urban/Rural

Area-based SES

Other geographical feature
Alcohol-specific

Alcohol-related road traffic collisions
Alcohol-related

Alcohol-related suicide

Index of Multiple Deprivation (IMD)#
Carstairs deprivation scores

Gini Index

Distressed Communities Index (DCl)

Index of Relative Socioeconomic Advantage and Disadvantage

(IRSAD)

Economic Resilience Index (ERI)
Other

2004-2010

2011-2015

2016-2020

2021-2024

14
49
34

42
13
13

13

2

1

14
10
16
19
28

19.2
67.1
46.6
11.0
57.5
17.8
17.8
6.8
17.8
8.2
6.8
2.7

2.7

14

19.2
13.7
21.9
26.0
38.4

#Area-level studies refers to those where individuals are the unit of analysis and data is collected on geographic characteristics of where

they live

*Some studies used more than one geographical feature so the numbers add up to more than the number of studies.

oo Some studies were conducted in two countries and both countries are listed under ‘Location’, therefore, the number of locations add up

to more than the number of included studies

t Including Scottish, Welsh and Northern Irish versions

4.2 Overview of narrative synthesis findings

Table 3 summarises the findings from the included studies. Of the 34 studies that examined the

association between alcohol-attributable mortality and area-level socioeconomic deprivation, all

found a positive association between deprived areas and alcohol-attributable mortality, regardless of

the study location.

Urban-rural location of alcohol-attributable deaths was considered in 49 studies. More than one-half

of studies found that alcohol-attributable deaths were higher in rural areas (27, 55.1%) compared to

urban areas. However the findings were not conclusive, as 28.6% of the included studies examining

urban-rural location found urban areas were more likely to be associated with alcohol-attributable
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mortality (n=28.6%), and 14.3% of studies found no significance between urban-rural location and

alcohol-attributable mortality.

Our included studies found rural location was positively associated with alcohol-related RTCs (n=9,
69.2%). Rural location was also positively associated with alcohol-related suicides (76—78) although
two studies found no significant difference between urban-rural location and the rate of alcohol-

related suicides (79,80).

Twelve studies looked at both urban-rural location and area-level socioeconomic deprivation
(18,66,71,72,75,78,81-86). All found a positive association between alcohol-attributable mortality
and area-level socioeconomic deprivation. However, the urban-rural findings of these studies varied
based on the geographic location in which the study was conducted. For example, European studies
that focussed on area-level socioeconomic deprivation as well as urban-rural location more
frequently identified deprived urban areas as having a higher risk (71,82,84,86). In contrast, studies
from North America and Australia more frequently found that deprived rural areas are associated

with greater risk (66,78,81,85).
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Table 2 Summary of data extraction for included studies, by country (n=73)

First author (year)

Scotland

National Records for Scotland (2024)
(75)
Allik (2020) (118)

Brown (2019) (121)

Scottish Health Action on Alcohol
Problems (2018) (95)
Pulford (2018) (106)

Exeter (2011) (120)

Brown (2010) (88)

Leyland (2007) (117)

England/Wales
Camacho (2024) (93)

United Kingdom. Office for National
Statistics (2024) (49)
Subhani (2022) (98)

Alexiou (2021) (113)

United Kingdom. Office for National
Statistics (2021) (102)

United Kingdom. Office for National
Statistics (2021) (103)

Strong (2012) (109)

United Kingdom. Office for National
Statistics (2024) (49)
Erskine (2010) (62)

Breakwell (2007) (92)

Poland

Silczuk (2023) (90)

Study design

Cross-sectional

Longitudinal
Longitudinal

Cross-sectional

Longitudinal

Longitudinal

Cross-sectional

Longitudinal

Cross-sectional

Cross-sectional

Cross-sectional
Longitudinal

Cross-sectional
Cross-sectional

Longitudinal

Cross-sectional
Ecological

Cross-sectional

Cross-sectional

Study time period

2023

2001-2018
1981-2012

2000-2017

2013

1980-1982 and
1999-2001
2000-2002

1980-1982, 1991

1992, 2000-2002

2019-2021

2022

2021
2013-201°

2011--2018

2001-2020

1999-2003

2022

1999-2003

1991-2004

2020-2021

Setting

Scotland

Scotland
Scotland

Scotland

Scotland

Scotland

Scotland

Scotland

England

England

England
England

England

England
and Wales
England

Wales
England
and Wales

England
and Wales

Poland

Alcohol-
related
Outcome

Sp

Sp/R
Sp
Sp

Sp
Sp

Sp

Sp/R

Sp
Sp

Sp
Sp
Sp

Sp/R

Sp
Sp

Sp

Sp

Sp

Sample
size

1277

761

1235

1458

1214

@

7912

799

4520

1996

607

486

28839

9836

Age
group

All

15-44
All
All

All

All

All

All

All

All

All

All

All

All

All

Sex

M/F

M/F
M/F

M/F

M/F

M/F

M/F

M/F

M/F

M/F
M/F

M/F
M/F

M/F

M/F
M/F

M/F

M/F

Geographic
characteristic

U/R, SES

SES
SES
SES

SES

SES

SES

SES

SES, C

SES

SES

SES

SES

SES

SES
SES, U/R

SES

U/R

Direction associated with alcohol-

related deaths

Deprived; Urban

Deprived
Deprived

Deprived

Deprived

Deprived

Deprived

Deprived

Deprived; Coastal areas

Deprived

Deprived
Deprived

Coastal regions
Deprived

Deprived

Deprived
Deprived; Urban

Deprived

Rural
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Karnecki (2023) (71)

Lyubinets (2021) (124)

Lasota (2020) (81)
Lasota (2019) (87)
Wojtyniak (2005) (53)
Finland

Koskela (2017) (82)
Raatiniemi (2016) (104)
Lehikoinen (2016) (63)

Blomgren (2004) (18)

Northern Ireland

Northern Ireland Statistics and
Research Agency (2024) (64)
Hughes (2021) (77)

Northern Ireland Statistics and
Research Agency (2019) (97)
Connolly (2011) (73)

Lithuania
Miscikiené (2024) (96)

Grigoriev (2017) (83)

Other European country
Nagy (2014) (59)

Innamorati (2013) (56)

Kovse (2012) (85)
Rosicova (2011) (91)

Gjerde (2011) (80)

Longitudinal

Cross-sectional
ecological
Cross-sectional

Cross-sectional

Longitudinal

Cross-sectional
Cross-sectional
Longitudinal

Cross-sectional

Cross-sectional
Longitudinal
Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Ecological

Ecological

Cross-sectional
Cross-sectional

Cross-sectional

2010-2019

2008, 2018

2009-2019
2009-2013

1986-2002

2007-2011
2007-2011
1992-2008

1991-1996

2018-2022

2011-2017

2018-2022

2001-2006

2017-2020

2011-2013

2005-2010

1980-2003

2004-2008
2001-2003

2006-2008

Poland

Poland

Poland
Poland

Poland

Finland
Finland
Finland

Finland

Northern
Ireland
Northern
Ireland
Northern
Ireland
Northern
Ireland

Lithuania

Lithuania

Hungary

EU
countries
Slovenia

Slovakia

Norway

Sp
RTC
RTC

Sp

Sp

Sp/R
Sp/R
Sp/R

Sp
Sp
RTC

Sp

Sp/R

Sp

Sp
Sp/R
Sp
Sp
RTC

528

166

114

384

515

1935

9820

2120

30

578

8066

1424

196

All

16-65

All
18+

20+

All
All
25-74

25-64

All

16-74

All

25-74

All

30-64

25-64
All

All

20-64

All

M/F

M/F

M/F
M/F

M/F

M/F
M/F
M/F

Male

M/F
M/F
M/F

M/F

M/F

M/F
M/F
M/F
M/F

M/F

U/R
U/R
U/R
U/R

U/R

U/R
U/R
SES, U/R

SES, U/R, CC

SES
U/R, SES
U/R

SES, U/R

U/R

U/R, CC, EM

SES
U/R
SES

SES

U/R

NS urban-rural

Urban

Rural
Rural

Urban

Rural
NS urban-rural
Deprived; NS urban-rural

Deprived; Rural;; Low level
community cohesion
Deprived

Deprived;; Urban

Rural

Deprived; Urban

Rural

Higher proportion of ethnic
minorities;

Low level community cohesion;
NS urban-rural

Deprived (males_only)

Urban

Deprived
Deprived (males only)

Urban
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Australia

Ministry of Health New South Wales
(2022) (76)
Adair (2021) (72)

Wundersitz (2017) (84)
Senserrick (2014) (61)
Jayasekara (2014) (60)
Hurzeler (2011) (69)
Czech (2010) (79)
Dietze (2009) (74)

USA

Sumetsky (2024) (115)
Saunders (2024) (114)
Zhang (2024) (57)

Folk (2024) (101)

Rudisill (2023) (89)
Warren (2022) (99)

Cataldo (2022) (119)

Zemore (2022) (86)
Braun (2022) (122)
Moon (2020) (105)
Ransome (2020) (55)
Spencer (2020) (123)

Shiels (2020) (66)

Yao (2016) (110)

Caetano (2013) (70)

Cross-sectional

Longitudinal
Cross-sectional
Ecological
Ecological
Cross-sectional
Cross-sectional

Cross-sectional

Longitudinal
Longitudinal
Ecological

Cross-sectional

Cross-sectional
Cross-sectional

Longitudinal

Cross-sectional
Longitudinal
Longitudinal
Ecological
Longitudinal

Longitudinal

Longitudinal

Cross-sectional

2010-2019

2006-2016

2008-2010

2004-2008

2000-2007

2010-2015

2001-2007

2000

2017-2020

2012-2022

2014-2019

1999-2020

2009-2019

2020

2010-2014
2015-2019
20082017

2000-2018

1999-2017

2009-2014

2000-2018

2000-2017

1996-2006

2003-2009

Australia

Australia
Australia
Australia
Australia
Australia
Australia

Australia

USA
USA
USA

USA

USA
USA

USA

USA
USA
USA
USA
USA

USA

USA

USA

Sp/R
Sp
RTC
RTC

Sp/R

RTC

Sp

Sp/R
Sp
Sp
Sp

RTC
Sp
Sp

Sp
Sp
Sp
Sp/R
Sp
Sp

RTC

1452

95

60

2734

264

885

11632725

51151

G

373302

80

49061

G

G

8543

22231

1036

495393

364733

8798

All

35-74
16+
All
15+
All

All

All

-
1"1,

All

25-64

All

All
All

All

All

25+
18+
25+

20-64

All

All

M/F

M/F
M/F
M/F
M/F
M/F
M/F
M/F

M/F
M/F
M/F

M/F

M/F
M/F

M/F

M/F
M/F
M/F
M/F
M/F

M/F

M/F

M/F

U/R, SES

SES, U/R
U/R
U/R
U/R
SES, U/R
U/R
SES, U/R

U/R
U/R
SES, U/R

B, U/R

U/R
U/R
U/R

U/R, B,
U/R
U/R
SES
U/R

SES, U/R

U/R

U/R

Deprived; Rural

Deprived; Rural
Rural
Rural
Rural
Deprived; Rural
Rural

Deprived; Urban

Urban

Rural

Deprived; Rural

Border areas - urban
Non-border areas - rural
NS urban-rural

Rural

Urban

Rural; Border areas
Rural

Rural

Deprived

Rural

Deprived; 6 levels of urban-rural
continuum, alcohol related deaths
were highest in the 3 and 4t
Rural

NS urban-rural
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Kaplan (2013) (67) Cross-sectional 2003-2009 USA S 57813 18+ M/F U/R Rural

Geedipally (2011) (94) Cross-sectional 2003-2008 USA RTC 1305 All M/F U/R Urban

Baeseman (2009) (107) Longitudinal 1999-2006 USA RTC 1547 All M/F U/R Rural

Canada

Hunter (2023) (111) Longitudinal 2006-2019 Canada Sp 1380 19-65 M/F SF Social fragmentation
Reccord (2021) (68) Cross-sectional 1997-2016 Canada S 345 10+ M/F U/R Rural

Subedi (2019) (100) Cross-sectional 2011-2015 Canada Sp G All M/F U/R Rural

Gaudet (2015) (116) Longitudinal 1998-2011 Canada RTC 25 All M/F U/R Urban

Auger (2012) (108) Longitudinal 1991-2001 Canada Sp G 25+ M/F SES Deprived

South America

Castillo-Carniglia (2014) (58) Ecological 2004-2009 Chile Sp/R G 15+ M/F SES Deprived
Arreola-Rissa (2008) (78) Cross-sectional Feb 2003-July 2003 | Mexico RTC 77 All M/F U/R Urban

Asia

Kinjo (2021) (112) Longitudinal 1995-2016 Japan Sp 55455 All M/F U/R NS urban-rural

Outcome: Sp=Alcohol specific mortality; Sp/R= alcohol-specific and alcohol-related mortality; RTC=alcohol-related road traffic collision; S=alcohol-related suicide

Sample size: G=general population rates

Sex: M=male; F=female

Geographic characteristic: SES=area-based socioeconomic status/area of deprivation; U/R=urban/rural; C=Coastal; B=border areas; SF=social fragmentation; CC=community cohesion; EM=Ethnic minorities

Findings: NS=not significant

Table 3 Summary of associations between geographical characteristic and alcohol-attributable mortality type *#

Alcohol-related Road Alcohol-related Alcohol-specific (n=42) Alcohol-related (n=1) Alcohol-related and alcohol-
Traffic Collision (n=13) suicide (n=5) specific? (n=12)
Urban/rural e 4 studies: Urban e 3 studies: Rural e  8studies: Urban higher than rural e  1study: No e 2 studies: Urban higher
higher level than higher than e 11 studies: Rural higher than urban significant than rural
rural urban e 2 studies: No significant difference difference
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e 7 studies: Rural e 2 studies: No e 1 study: Urban in border areas and e 4 studies: Rural higher
higher level than significant rural in non-border areas than urban
urban difference e 1 study: Highest in 3rd and 4th of 6 e 1 study: No significant
e 1study: No levels of urban-rural continuum difference
significant
difference
Total: 13 studies Total: 5 studies Total: 23 studies Total: 1 study Total: 7 studies
Area-based SES n/a e  1study: LowSES | e 21 studies: Low SES higher than high | n/a e  8studies: Low SES higher
higher than high SES than high SES
SES e  Astudies: grey literature
Total: 1 study Total: 25 studies Total: 8 studies
Coastal n/a n/a e 2 studies: Coastal areas higher than n/a n/a
inland areas
Total: 2
Social fragmentation n/a n/a e 1 study: Greater social n/a n/a

fragmentation® nigher than lower
social fragmentation
Total: 1 study
Border regions n/a n/a e 7 studies: Border areas higher than n/a n/a
inland/non-border areas
Total: 2 studies

Community cohesion n/a n/a e 1 study: Less community cohesion n/a e 1 study: Less community
higher than stronger cohesion cohesion higher than
stronger cohesion
Total: 1 study Total: 1 study
Proportion of ethnic n/a n/a e 2 studies: Greater proportion of n/a n/a
minorities ethnic minorities higher than areas

with fewer ethnic minorities
Total: 2 studies
*The numbers in the above table represent the statistically significant association between the geographical feature and alcohol-related death, e.g. the findings of 21 studies found a statistically significant positive
association between low area-based SES and alcohol-specific mortality (4 studies consisted of grey literature where although the findings were positive, no statistical testing was completed.

+ Note that the totals do not always add up as a number of studies include more than one outcome
# Alcohol-related and alcohol-specific refer to studies where the outcome was a combination of both and results not differentiated

oo Higher social fragmentation determined by high proportions of residents living alone, being unpartnered, or having recently moved
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4.2.1 Area-based socioeconomic deprivation and alcohol-attributable deaths

4.2.1.1 Alcohol-specific mortality — area-based socioeconomic deprivation

Twenty-five studies (34.2%) included analysis of alcohol-specific deaths and area-level SES, all of
which found a positive association between alcohol-specific mortality and deprived areas
(58,66,68,71,73,75,82-84,86—101). Such findings were applicable regardless of whether the study
was multi-level or ecological, at country level or regional level, and for North American studies as

well as European and Australian studies.

Several studies examining alcohol-specific mortality and the association with area-level SES had
limitations that may affect the reliability of their findings, including not specifying the participation
rate, and providing descriptive analysis only (71,73,74). These studies contribute valuable insights

into the topic, however their lower quality means their findings should be interpreted with caution.

Several studies provided additional detail on the association between area-level SES and alcohol-
specific mortality. For example, a Hungarian study specifically examined geographic characteristics of
alcohol-related liver disease (ALRD) and found higher mortality rates of ARLD in the most deprived
areas compared to the least deprived for both males and females (68). However, among females,
ARLD mortality was higher in the fourth most-deprived quintile compared to the most-deprived (68).
A study examining alcohol-attributable mortality in New York city found alcohol poisoning deaths

increased by 10% with a 10% increase in poverty rates of an area (64).

Furthermore, the association between area-level disadvantage and alcohol-specific mortality was
stronger among males compared to females (90,95,102). Elsewhere, moving from affluent areas
within Scotland to more deprived areas over time was associated with an increase in alcohol-

attributable mortality (88).

4.2.1.2 Alcohol-related mortality - area-based socioeconomic deprivation
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Eight studies examined alcohol-related mortality and area-level SES. All studies found a positive
association between alcohol-related mortality and areas of greater deprivation

(18,64,67,72,85,100,103,104). All studies were rated as high quality with the exception of one (72).

4.2.1.3 Alcohol-related and alcohol-specific deaths combined — area-based
socioeconomic deprivation

Eight studies examined area-level SES associations among both alcohol-related and alcohol-specific

deaths without distinguishing between the two (18,64,67,72,85,100,103,104). All studies noted a

positive association between alcohol-related and alcohol-specific deaths combined and areas of

greater deprivation. One study was rated as low quality (72). Two studies controlled for individual-

level SES and the positive correlation continued to exist between lower area-level SES and alcohol-

related and alcohol-specific mortality (18,72).

4.2.1.4 Alcohol-related suicides - area-based socioeconomic deprivation

Typically, area-level socioeconomic deprivation has also been shown to be a risk factor in suicide
prevalence regardless of alcohol invaivement (105,106). Just one study included in this review
examined alcohol-related suicide and its relationship with area-level SES (78). That study found
higher rates of alcohol-reiated suicides in areas of greater disadvantage in Australia which were
noted to have lower health services availability (including mental health services) when compared to

areas of greater affluence (78).

4.2.1.5 Alcohol-related fatal road traffic collisions- area-based socioeconomic

deprivation

There were no studies investigating area-based socioeconomic deprivation and alcohol-related RTCs.

4.3 Urban-rural differences and alcohol-attributable deaths

4.3.1 Alcohol-specific deaths — urban-rural differences
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There were mixed findings from the 23 studies that considered the urban-rural differences in levels
of alcohol-specific mortality. Eight studies (34.8%) found a positive association between urban areas
and alcohol-specific mortality compared to rural areas (62,71,83,84,86,107—109). However two of

these studies scored lower in the quality appraisal (62,71).

Almost one-half of the studies (n=11, 47.8%) found rural areas were positively associated with
alcohol-specific deaths (66,81,110-118). Two studies found no significant urban-rural differences
(119,120). One study found that the third and fourth points on a six-point urban-rural continuum had
the highest rate of alcohol-attributable deaths (75). Another study found US states bordering Mexico
had higher rates of alcohol-attributable mortality in urban regions compared to rural ones, whereas

in non-border areas, the rate was higher in rural regions (121).

A number of studies offered further insights into the association between urban-rural location and
alcohol-specific mortality. For example, the higher rate of aicohc!-specific mortality in urban areas of
Slovakia was found to apply to chronic, but not to acute, alcohol-specific deaths (83). Rates of fatal
alcohol poisonings were found to be higher amorig females who resided in urban areas of Poland
compared to those residing in rural areas although a much less pronounced urban-rural gap in males
was noted (62), although this study was scored as low quality. Similarly, a study conducted in the
United States found significantly higher rates of fatal alcohol poisonings in urban compared to rural
areas (122). In contrast, higher rates of fatal alcohol poisonings were found in rural areas of Finland
compared to urban areas (114). In the United States, higher rates of chronic alcohol-specific deaths

were found in urban areas compared with rural areas (122).

4.3.1.1 Alcohol-related deaths — urban-rural differences

Findings from the eight studies examining urban-rural location of alcohol-related deaths were mixed.
Two studies found a higher rate of such deaths in urban areas (65,122), four in rural areas

(18,69,85,123) and two studies found no urban-rural difference (72,124) (one low quality rated) (72).
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As before, further information on the link between urbanity and rurality of alcohol-related deaths
were noted. One study examining 27 European countries comparing those that joined the European
Union (EU) before, to those that joined after 2004, found that those countries with a higher urban
population rate had increased alcohol-related mortality rates compared with deaths from all causes,
and this finding applied to both males and females (65). A study in the United States found that

alcohol-related homicides were more prevalent in urban areas (122).

4.3.1.2 Alcohol-related and alcohol-specific deaths combined — urban-rural differences

Seven studies examined urban-rural associations among both alcohol-related and alcohol-specific
deaths without distinguishing between the two (18,65,69,72,85,122,123). Four studies noted rates of
alcohol-related and alcohol-specific deaths combined were higher in rural areas (18,69,85,123)
despite. One study found no urban-rural association with alcohol-reiated and alcohol-specific deaths

combined (72).

4.3.1.3 Alcohol-related suicides — urban-rurai differences

Overall, rurality was found to be positively associated with alcohol-related suicides with three of the
five studies examining urban-rural location and alcohol-related suicide noting rates of alcohol-related
suicides were higher in rural areas compared to urban locations (76—78). However one of those
studies found the association between rural location and alcohol-related suicide significant for males

only (not females) (76).

A United States-based study found no significant association between urban-rural location and
alcohol-related suicides (79), a finding replicated in a Polish study, although the latter did note an

increase in rural areas during the study period (2010-2019) (80).

4.3.1.4 Alcohol-related fatal road traffic collisions — urban-rural differences

Thirteen studies examined alcohol-related fatal RTCs (17.8%). Eight studies examined intoxicated

driver fatalities (125-132), one of which specifically examined motorcycle rider fatalities (132), one
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study examined alcohol-related cyclist fatalities (133), four studies examined mortality among
pedestrians who had consumed alcohol prior to the fatal incident (70,134—-137) and one study
examined both pedestrian and driver alcohol-related RTC fatalities (125). Eight of these studies
(64.3%) found alcohol-related RTCs were positively associated with rural location (70,126,128—

131,134,135).

Conversely, four studies found alcohol-related RTCs positively associated with urban location
(125,127,132,133). One study found no significant association between urban-rural location of

alcohol-related RTCs (137).

Rural pedestrians who were victims of RTCs and had consumed alcohol prior to the incident had

higher blood alcohol concentration (BAC) readings than their urban counterparts (135).

4.3.2 Other geographic characteristics and alcohol-atiribuiable deaths

Although most of the included studies focused on area-level SES and/or urban-rural location, several
other geographic characteristics featured in the included studies. For example, social fragmentation,
which is described as a lack of cohesion or interconnectedness within communities and often
characterised by high prevalence of rental properties, single occupancy households, and a higher
number of migrants in ari area, has been associated with poor mental health (138,139). Higher levels
of social fragmentation are linked to increased rates of all-cause mortality and ‘deaths of despair’
(specifically suicides and other drug poisonings). However, it was not associated with alcohol-specific
deaths in a Canadian study (140). In Finland, low levels of community cohesion, and low civic
participation (indicated by poor voting turnout) was positively associated with alcohol-related
mortality (18). Conversely, in Lithuania, high civic participation was positively associated with
alcohol-related mortality among males (119). Also in Lithuania, areas with a high proportion of
manual workers and ethnic minorities, were identified as risk factors associated with alcohol-specific
mortality (119). Similarly in Slovakia, areas with a greater proportion of Roma population was

associated with a higher rate of alcohol-related mortality (102). Also associated with alcohol-related
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mortality were US states not bordering Mexico (113). Conversely, mortality rates specifically for
alcohol-related liver disease were greater in border states (121). In England, data for 2018 indicated
that alcohol-specific mortality rates were greatest in non-coastal cities (141). However, also in
England, rates of alcohol-specific deaths were higher in coastal areas when compared to inland

regions for the period 2019 — 2021 (99).

5 Discussion

This systematic review aimed to gain a comprehensive understanding of the extent, range and
nature of evidence on area-based socioeconomic inequalities and other geographic characteristics,
and their association with alcohol-attributable deaths in high-income countries. We found a positive
association between area-level socioeconomic deprivation and alcohol-attributable mortality. This
applied to both alcohol-specific and alcohol-related deaths including RTCs and suicides. The findings
on the association between urban-rural location and alcohoi-attributable deaths were less conclusive
although broadly, more studies identified rural areas as a risk factor compared with urban areas,
aligning with much of the previous research (42—-45,105,106,142). However, regional patterns
diverge when urban—rural context is considered alongside area-level deprivation, as studies from
North America and Austialia more often associated alcohol-attributable mortality with deprived rural
areas, whereas European studies more commonly identified deprived urban areas as being at higher
risk. This heterogeneity suggests that there might be other individual or area-level factors shaping

outcomes that warrant further investigation.

Significant rural associations, especially in Australian and North and South American studies, tended
to involve road traffic collisions, whereas significant urban associations were more often
alcohol-specific deaths and more commonly the focus of European studies. These patterns align with
broader mortality gradients, all-cause mortality remains higher in rural areas in the United States and
Australia (31,143) while European evidence is less conclusive with no clear urban-rural gradient

(144). Differences in settlement patterns, particularly the presence of extensive, sparsely populated
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rural regions in the United States and Australia compared with Europe, may partially account for

these contrasts.

With respect to suicide, prior research has established higher suicide rates in rural areas irrespective
of alcohol involvement. Within the subset of alcohol-related suicides, more studies found that rural
location was significantly associated with an increased rate of suicide (76—78,80) but given that two
studies found no significant association (79,80), there is uncertainty in the evidence. Alcohol-related
suicides may be influenced by similar geographic factors as non-alcohol-related suicides, including
limited access to mental health services, social isolation, and poorer economic resources such as
transport and employment opportunities (145-148). The greater availability of more lethal suicide
methods in rural areas may also contribute (142,149-151). Ensuring adequate health services
availability are essential for managing mental health problems caused or exacerbated by alcohol use
as well as strengthening social links and community cohesion tc reduce loneliness and depression are

likely to be important for reducing alcohol-related mortality, including suicide (152).

RTCs, regardless of alcohol involvement, were previously known to be higher in rural areas, and this
review found that alcohol-related RTCs were positively associated with rural areas (70,126,128
131,134,135). This applied to studies irrespective of the country the study was conducted.
Contributory factors may be that rural roads typically have higher speed limits, road conditions are
often less maintained, visibility may be poorer, and emergency response times are longer.
Additionally, drivers in rural areas are more likely to travel greater distances from licensed premises,

all of which contribute to the increased risks associated with rural locations (153—156).

We also found evidence of additional geographic characteristics associated with alcohol-attributable
mortality, including civic participation within an area (18,119), areas with a higher proportion of
migrants (87,89,111,119), and areas considered to have low levels of family and community cohesion
(18). This review therefore highlights consistent spatial and area-level inequalities, reinforcing the

role of built-environment characteristics in shaping health behaviours and alcohol-related harm.
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It is interesting to note that five studies examined both individual-level and area-level SES and the
positive association remained observed (18,72,82,86,89). Despite one study indicating that the
significance of area-based deprivation was primarily due to individual-level aspects of SES (107), the
overall evidence suggests that area-based measures remain associated with alcohol-related mortality
after adjusting for individual-level SES, indicating that area-level SES may have independent effects

on alcohol-related mortality.

The mechanisms underlying geographic inequalities in alcohol-related harms require further
investigation, as few studies explored the reasons behind the observed geographic patterns they
observed beyond offering hypotheses. The literature notes a number of possible mechanisms to
explain why there are higher risks for those living in deprived areas including increased alcohol
availability, heightened environmental stressors, poor infrastructure and service provision, and fewer
employment opportunities. These mechanisms may differ deperiding on the urban or rural setting.
For example, in deprived urban areas, the increased density of alcohol outlets, greater public
disorder, higher crime rates and more concentratied stressors (e.g. crowding, traffic, fewer green
spaces) contribute to harmful drinking behaviours and subsequent alcohol-related harms
(37,56,157-160). In deprived rural areas, a lack of resources and support (both professional services
and social support), transport and access issues to such support, and limited employment
opportunities and the consequential financial stress, can lead to increased alcohol use as a coping
mechanism, thus increasing vulnerability to alcohol-related harms (161-165). Those living in
deprived neighbourhoods, regardless of urban or rural location, are also more likely to engage in
binge or heavy episodic drinking, particularly men (166—169). These drinking patterns increase
vulnerability to alcohol-attributable mortality as they are associated with higher risk of acute and
chronic health harms (170-172). The causes of the higher risk are not fully understood. People living
in poverty may experience greater alcohol-related harm not only because of how they drink, but also
because challenging living circumstances, such as limited resources, stressful circumstances, and

lifelong disadvantage, may contribute to increased vulnerability.
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(20,173).

Much of the epidemiological research on alcohol focuses on the causes and effects of alcohol use
and related harms, often neglecting the broader context of area-level factors (174—180). This review
is the first (to the best of our knowledge) to specifically focus on area-based socioeconomic status
and alcohol-attributable mortality. Other reviews on socioeconomic status and alcohol-attributable
mortality have also consistently found that lower SES is positively associated with alcohol-
attributable mortality but have used individual SES characteristics such as education level,
employment status or occupation, and/or income (14,15). This review confirms that area-based SES

is also positively associated with alcohol-specific and alcohol-related mortality.

While individual factors are important in shaping alcohol use and associated harms, Boyd et al argue
that incorporating health inequality theories, such as the ecosocial theory and the social
determinants of health, can provide a deeper understanding of the AHP by highlighting the complex
interplay between individual behaviours and broader social, economic, and environmental factors
(173). Engaging and mobilising communitias can foster cohesion, reduce social fragmentation, and

address alcohol-related harms (181,182).

Policy interventions should consider the built environment, particularly in disadvantaged areas.
Investing in community resources such as green spaces and rural infrastructure, can promote
healthier lifestyles. Educating policymakers about spatial factors and geographic features related to
alcohol-related mortality is essential for resource allocation in community-level interventions. The
role of social support, neighbourhood cohesion, and access to services (particularly health services)
are key contextual factors that require consideration. A collective commitment to addressing the
factors associated with alcohol-attributable mortality this review has highlighted is imperative for not

only reducing alcohol-attributable deaths but benefiting communities as a whole.

5.1.1 Strengths and weaknesses
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This review examined only those studies conducted in high-income countries therefore the findings
are not generalisable to middle or low-income countries, although of the OECD countries included,
there was a good geographical spread. This review did not include studies investigating alcohol-
attributable mortality in relation to density of licensed premises as this topic has been examined

elsewhere (35-38).

A further limitation is the inconsistent definition of ‘urban’ and ‘rural’ across studies. Furthermore,
given the wide period examined, it is possible that areas considered rural at the time of the earlier
studies may have since become more densely populated, and likewise, SES classification may have
changed during this period also. Only one study (88) that examined area-level SES considered

whether the individuals had lived in the same area before their death or had relocated in the years

prior.

Studies that compared urban and rural locations used differing definitions and were therefore not
always comparable, especially depending on the country the study was carried out in. Although this
did not affect the individual study quality, it represents a weakness when it comes to summarising
the overall findings of the literature because studies are locally specific. This also applied to SES or

deprivation where differing interpretations were applied.

The majority of studies were observational, using data gathered about people in an area rather than
detailed information about the area's conditions. While this approach can help understand mortality
inequalities, it is difficult to determine causal relationships. Having more detailed information, or
comparator areas, provides a clearer picture of how area-based features affect alcohol-related

mortality inequalities.

There are some key methodological limitations to acknowledge. Given the topic area, there was a
large number of studies deemed relevant. Further refinement of the search strategy may have
reduced the time required to screen studies. Although this systematic review did not have full double

screening, 10% of studies (title and abstract and full text) were screened by a second author. A
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further limitation is the use of the NHLBI Quality Appraisal Tool to assess ecological studies for risk of
bias. Using this tool made it harder to accurately assess the risk of bias in the included ecological
studies, potentially leading to misclassification of study quality due to its emphasis on individual-level
criteria that do not align with group-level data and contextual factors typical of ecological designs. A
possible alternative for future reviews is the more recently developed quality appraisal tool, ROBINS-
E, although is not specifically tailored for ecological studies either and with similar limitations as the
NHLBI tool (183). We have not reported effect estimates and confidence intervals from each included
study as recommended by PRISMA (159). This is because the included studies are heterogeneous
across study designs, outcomes, and exposures. As a result, the effect estimates are not
interpretable without substantial additional information that would make the table unduly long. This
review identified a small number of studies on geographic characteristics (e.g. social cohesion and
coastal regions) that did not have specific associated terms included i the search strategy
(18,99,113,119,121,140,141). These studies met our inclusion criteria, but as we did not search for
them directly, there may be other studies on these characteristics that we have not identified. Our
findings for these characteristics should be taken as indicative in comparison to the more

comprehensive review of evidence on urban vs. rural locations and area-based SES.

5.2 Conclusions

This review finds that area-level SES is positively associated with alcohol-attributable mortality in
high-income countries. Our findings also strongly indicate that rural areas are positively associated
with such deaths, although the evidence is less conclusive and differs depending on the country
being examined. The findings underscore the need for targeted interventions to address these
inequalities and to consider these geographical factors when developing response systems to

address reduce alcohol-attributable mortality.
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Appendix

Supplementary Table 1 Search strategy for systematic review

1. Medline
SES/Geographic terms
(socio?economic or SES or SEP or asset? score or socioeconomic position).ti,ab. or exp *social class/ or
Disadvantage*.mp. or Health Services Accessibility.mp. or exp "Social Determinants of Health"/ or
determinant® of health.mp. or social disparit*.mp. or Poverty Areas.mp. or social inequ*or urban.mp. or
rural.mp. or place-based.mp. or Geographi* variation.mp. or exp Geographic Information Systems/ or exp
Spatial Analysis/ or spatial inequalities.mp. or exp Residence Characteristics/ or activity-space.mp. or (rural
or urban or social discrimination or marginali*ation or social segregation).ti,ab. or neighbo*rhood.mp. or
hotspot.mp. or geostatistics.mp. or gecomathematics.mp. or Urban Population.mp. or Urbanicity.mp. or
rurality.mp. or spatiotemporal.mp. or sociodemographic*.mp. or Poverty.mp. or Environmental
Exposure.mp. or environmental features.mp or metropolitan.mp. or exp Healthcare Disparities/ or health
inequ*.ab,ti. Or exp Collective Efficacy/ or (geograph* adj3 (Location or region*)).mp. or (depriv* adj3
(measure or score*or calculation or index or area)).mp.
Alcohol use and related conditions terms
(alcohol or (Alcohol* adj3 drink*) or (alcohol* adj3 driv*) or (alcohol* adj hepatit*) or (alcohol* adj liver) or
(alcohol* adj gastritis) or (alcohol* adj poisoning) or (alcohol* adj3 suicide) or (alcohol* adj3 fire) or
(alcohol* adj pancreatitis) or (alcohol* adj polyneuropathy) or (alcohol* adj cardiomyopathy) or (alcohol*
adj myopathy) or (alcohol* adj fibrosis) or (alcohol* adj sclerosis) or (alcohol* adj cirrhosis) or (alcohol* adj
nervous system) or deaths of despair or (alcohol* adj3 (accidents or traffic or road))).mp.
Death terms
(death* or dying or mortalit* or fatal*).mp.
High-income countries
australasia/ or exp australia/ or austria/ or baltic states/ or belgium/ or exp canada/ or chile/ or colombia/ or
costa rica/ or czech republic/ or exp denmark/ or estonia/ or europe/ or finland/ or exp france/ or exp
germany/ or greece/ or hungary/ or iceland/ or ireland/ or israel/ or exp italy/ or exp japan/ or korea/ or
latvia/ or lithuania/ or luxembourg/ or mexicc/ or netherlands/ or new zealand/ or north america/ or exp
norway/ or poland/ or portugal/ or exp "republic of korea"/ or "scandinavian and nordic countries"/ or
slovakia/ or slovenia/ or spain/ or sweden/ or switzerland/ or turkey/ or exp united kingdom/ or exp united
states/ or European Union/ or "Organisation for Economic Co-Operation and Development"/

2. Web of Science
SES/Geographic terms
("socioeconomic" OR "socioSeconomic" OR "SES" OR "SEP" OR "asset score" OR "socioSeconomic position")
OR "social class" OR "Disadvantage*" OR "Health Services Accessibility" OR "Social Determinants of Health"
OR "determinant* of health" OR "social disparit*" OR "Poverty Areas" OR "social inequ*" OR "urban" OR
"rural" OR "place-based" OR "Geographic variation" OR "Geographic Information Systems" OR "Spatial
Analysis" OR "spatial inequalities" OR "Residence Characteristics" OR "activity-space" OR "social
discrimination" OR "marginaliSation" OR "social segregation" OR "neighbo*rhood" OR "hotspot" OR
"geostatistics" OR "geomathematics" OR "Urban Population" OR "Urbanicity" OR "rurality" OR
"spatiotemporal" OR "sociodemographic*" OR "Poverty" OR "Environmental Exposure" OR "environmental
features" OR "metropolitan" OR "Healthcare Disparities" OR "health inequ*" OR "Collective Efficacy" OR
("geograph*" NEAR/3 ("Location" OR "region*")) OR ("depriv*" NEAR/3 ("measure" OR "score*" OR
"calculation" OR "index" OR "area"))
Alcohol use and related conditions terms
(alcohol OR (Alcohol* NEAR/3 drink*)) OR (alcohol* NEAR/3 driv*) OR (alcohol* NEAR hepatit*) OR (alcohol*
NEAR liver) OR (alcohol* NEAR gastritis) OR (alcohol* NEAR poisoning) OR (alcohol* NEAR/3 suicide) OR
(alcohol* NEAR/3 fire) OR (alcohol* NEAR pancreatitis) OR (alcohol* NEAR polyneuropathy) OR (alcohol*
NEAR cardiomyopathy) OR (alcohol* NEAR myopathy) OR (alcohol* NEAR fibrosis) OR (alcohol* NEAR
sclerosis) OR (alcohol* NEAR cirrhosis) OR (alcohol* NEAR nervous system) OR (alcohol* NEAR/3 (accidents
OR traffic OR road))
Death terms
(mortality OR death* OR dying OR cause of death OR fatal OR deaths of despair)
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High-income countries
australasia/ or exp australia/ or austria/ or baltic states/ or belgium/ or exp canada/ or chile/ or colombia/ or
costa rica/ or czech republic/ or exp denmark/ or estonia/ or europe/ or finland/ or exp france/ or exp
germany/ or greece/ or hungary/ or iceland/ or ireland/ or israel/ or exp italy/ or exp japan/ or korea/ or
latvia/ or lithuania/ or luxembourg/ or mexico/ or netherlands/ or new zealand/ or north america/ or exp
norway/ or poland/ or portugal/ or exp "republic of korea"/ or "scandinavian and nordic countries"/ or
slovakia/ or slovenia/ or spain/ or sweden/ or switzerland/ or turkey/ or exp united kingdom/ or exp united
states/ or European Union/ or "Organisation for Economic Co-Operation and Development"/

3. CINAHL
SES/Geographic terms
(socioeconomic or SES or SEP or "asset score" or "socioeconomic position") OR social class OR Disadvantage*
OR "Health Services Accessibility" OR "Social Determinants of Health" OR "determinant of health" OR "social
disparit*" OR "Poverty Areas" OR "social inequ*" OR urban OR rural OR "place-based" OR "Geographic
variation" OR "Geographic Information Systems" OR "Spatial Analysis" OR "spatial inequalities" OR
"Residence Characteristics" OR "activity-space" OR ("rural" or "urban" or "social discrimination" or
marginalization or "social segregation") OR neighborhood OR hotspot OR geostatistics OR geomathematics
OR "Urban Population" OR Urbanicity OR rurality OR "spatiotemporal" OR sociodemographic* OR Poverty
OR "Environmental Exposure" OR "environmental features" OR metropolitan OR "Healthcare Disparities" OR
"health inequ*" OR "Collective Efficacy" OR (geograph* N3 (Location or region*)) OR (depriv* N3 (measure
or score* or calculation or index or area))
Alcohol use and related conditions terms
((alcohol OR (Alcohol* N3 Drink*) OR (alcohol* N3 driv*) OR (alcohol* N3 hepatit*) OR (alcohol* N3 liver) OR
(alcohol* N3 gastritis) OR (alcohol* N3 poisoning) OR (alcohol* N3 suicide) OR (alcohol* N3 fire) OR
(alcohol* N3 pancreatitis) OR (alcohol* N3 polyneuropathy) OR (alcohol* N3 cardiomyopathy) OR (alcohol*
N3 myopathy) OR (alcohol* N3 fibrosis) OR (alcohol* N3 sclerosis) OR {alcohol* N3 cirrhosis) OR (alcohol*
N3 nervous system) OR deaths of despair OR (alcohol* N3 (accidents OR traffic OR road)))
Death terms
(death* OR dying OR mortalit* OR fatal*))
High-income countries
australasia/ or exp australia/ or austria/ or baitic states/ or belgium/ or exp canada/ or chile/ or colombia/ or
costa rica/ or czech republic/ or exp denmark/ or estonia/ or europe/ or finland/ or exp france/ or exp
germany/ or greece/ or hungary/ or iceland/ or ireland/ or israel/ or exp italy/ or exp japan/ or korea/ or
latvia/ or lithuania/ or luxembourg/ or mexico/ or netherlands/ or new zealand/ or north america/ or exp
norway/ or poland/ or portugal/ or exp "republic of korea"/ or "scandinavian and nordic countries"/ or
slovakia/ or slovenia/ or spain/ or sweden/ or switzerland/ or turkey/ or exp united kingdom/ or exp united
states/ or European Union/ or "Organisation for Economic Co-Operation and Development"/

4. Psychinfo
SES/Geographic terms
(socio?economic or SES or SEP or asset? score or socioeconomic position).ti,ab. or exp *social class/ or
Disadvantage*.mp. or Health Services Accessibility.mp. or social determinants of health.mp. or
determinant* of health.mp. or social disparit*.mp. or Poverty Areas.mp. or social inequ*or urban.mp. or
rural.mp. or place-based.mp. or Geographi* variation.mp. or exp Geographic Information Systems/ or exp
Spatial Analysis/ or spatial inequalities.mp. or exp Residence Characteristics/ or activity-space.mp. or (rural
or urban or social discrimination or marginali*ation or social segregation).ti,ab. or neighbo*rhood.mp. or
hotspot.mp. or geostatistics.mp. or ggomathematics.mp. or Urban Population.mp. or Urbanicity.mp. or
rurality.mp. or spatiotemporal.mp. or sociodemographic*.mp. or Poverty.mp. or Environmental
Exposure.mp. or environmental features.mp or metropolitan.mp. or exp Healthcare Disparities/ or health
inequ*.ab,ti. Or exp Collective Efficacy/ or (geograph* adj3 (Location or region*)).mp. or (depriv* adj3
(measure or score*or calculation or index or area)).mp.
Alcohol use and related conditions terms
(alcohol or (Alcohol* adj3 drink*) or (alcohol* adj3 driv*) or (alcohol* adj hepatit*) or (alcohol* adj liver) or
(alcohol* adj gastritis) or (alcohol* adj poisoning) or (alcohol* adj3 suicide) or (alcohol* adj3 fire) or
(alcohol* adj pancreatitis) or (alcohol* adj polyneuropathy) or (alcohol* adj cardiomyopathy) or (alcohol*
adj myopathy) or (alcohol* adj fibrosis) or (alcohol* adj sclerosis) or (alcohol* adj cirrhosis) or (alcohol* adj
nervous system) or deaths of despair or (alcohol* adj3 (accidents or traffic or road))).mp.
Death terms
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(death* or dying or mortalit* or fatal*).mp.

5. EMBASE
SES/Geography
("socioeconomic" or "SES" or "SEP" or "asset score" or "socioeconomic position" or "social class exp" or
"Disadvantage*" or "Health Services Accessibility" or "Social Determinants of Health exp" or "determinant*
of health" or "social disparit*" or "Poverty Areas" or "social inequ*" or "urban" or "rural" or "place-based" or
"Geographic variation" or "Geographic Information Systems exp" or "Spatial Analysis exp" or "spatial
inequalities" or "Residence Characteristics exp" or "activity-space" or "rural" or "urban" or "social
discrimination" or "marginali*ation" or "social segregation" or "neighbo*rhood" or "hotspot" or
"geostatistics" or "geomathematics" or "Urban Population" or "Urbanicity" or "rurality" or "spatiotemporal"
or "sociodemographic*" or "Poverty" or "Environmental Exposure" or "environmental features" or
"metropolitan" or "Healthcare Disparities exp" or "health inequ*" or "Collective Efficacy exp" or
("geograph*" adj3 ("Location" or "region*")) or ("depriv*" adj3 ("measure" or "score*" or "calculation" or
"index" or "area"))).ti,ab.
Alcohol use and related conditions
("alcohol" or ("Alcohol*" adj3 "drink*") or ("alcohol*" adj3 "driv*") or ("alcohol*" adj "hepatit*") or
("alcohol*" adj "liver") or ("alcohol*" adj "gastritis") or ("alcohol*" adj "poisoning") or ("alcohol*" adj3
"suicide") or ("alcohol*" adj3 "fire") or ("alcohol*" adj "pancreatitis") or ("alcohol*" adj "polyneuropathy") or
("alcohol*" adj "cardiomyopathy") or ("alcohol*" adj "myopathy") or ("alcohol*" adj "fibrosis") or ("alcohol*"
adj "sclerosis") or ("alcohol*" adj "cirrhosis") or ("alcohol*" adj "nervous system") or "deaths of despair" or
("alcohol*" adj3 ("accidents" or "traffic" or "road"))).ti,ab.
Death
("death*" or "dying" or "mortalit*" or "fatal*").ti,ab.
OECD
australasia/ or exp australia/ or austria/ or baltic states/ or belgium/ or exp canada/ or chile/ or colombia/ or
costa rica/ or czech republic/ or exp denmark/ or estonia/ or europe/ or finland/ or exp france/ or exp
germany/ or greece/ or hungary/ or iceland/ or ireland/ or israel/ or exp italy/ or exp japan/ or korea/ or
latvia/ or lithuania/ or luxembourg/ or mexico/ or netherlands/ or new zealand/ or north america/ or exp
norway/ or poland/ or portugal/ or exp "republic of korea"/ or "scandinavian and nordic countries"/ or
slovakia/ or slovenia/ or spain/ or sweden/ or switzerland/ or turkey/ or exp united kingdom/ or exp united
states/ or European Union/ or "Organisation for Economic Co-Operation and Development"/

6. Epistemonikos
(title:("socioeconomic" OR "geograph*" OR "urban" OR "rural") OR abstract:("socioeconomic" OR
"geograph*" OR "urban" OR "rural")) AND (title:("alcohol") OR abstract:("alcohol")) AND (title:(death) OR
abstract:(death)) 1) (title:("sociceconomic" or "geograph*" or "urban" or "rural") OR
abstract:("socioeconomic” or "geograph*" or "urban" or "rural")) 2) AND (title:("alcohol") OR
abstract:("alcohol")) 3) AND (title:(death) OR abstract:(death))

7. Emerald Insight
"socioeconomic" or "SES" or "SEP" or "asset score" or "socioeconomic position" or "social class" or
"Disadvantage*" or "Health Services Accessibility" or "Social Determinants of Health" or "determinant of
health" or "social disparit" or "Poverty Areas" or "social inequ" or "urban" or "rural" or "place-based" or
"Geographic variation" or "Geographic Information Systems" or "Spatial Analysis" or "spatial inequalities" or
"Residence Characteristics" or "activity-space" or "rural" or "urban" or "social discrimination" or
"marginalisation" or "social segregation" or "neighbourhood" or "hotspot" or "geostatistics" or
"geomathematics" or "Urban Population" or "Urbanicity" or "rurality" or "spatiotemporal" or
"sociodemographic*" or "Poverty" or "Environmental Exposure" or "environmental features" or
"metropolitan" or "Healthcare Disparities" or "health inequality" or "Collective Efficacy" or "geographic" or
"deprivation"
("alcohol" or ("Alcohol*" adj3 "drink*") or ("alcohol*" adj3 "driv*") or ("alcohol*" adj "hepatit*") or
("alcohol*" adj "liver") or ("alcohol*" adj "gastritis") or ("alcohol*" adj "poisoning") or ("alcohol*" adj3
"suicide") or ("alcohol*" adj3 "fire") or ("alcohol*" adj "pancreatitis") or ("alcohol*" adj "polyneuropathy") or
("alcohol*" adj "cardiomyopathy") or ("alcohol*" adj "myopathy") or ("alcohol*" adj "fibrosis") or ("alcohol*"
adj "sclerosis") or ("alcohol*" adj "cirrhosis") or ("alcohol*" adj "nervous system") or "deaths of despair" or
("alcohol*" adj3 ("accidents" or "traffic" or "road"))).ti,ab.
("death*" or "dying" or "mortalit*" or "fatal*").ti,ab.
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Supplementary Table 2 Grey literature search

Location

Ireland

UK

Canada

Date

22/09/24

29/01/25

29/01/25

29/01/25
30/01/25

12/09/24

Organisation

Health Information
and Quality Authority
(HIQA)

Health Research Board
(HRB)

Healthy Ireland

Health Services
Executive (HSE)
Institute of Public
Health (IPH)

Health Research
Board’s National Drugs
Library

Institute of Public
Administration
Northern Ireland
Statistics and Research
Agency

Department for
Infrastructure

Office for National
Statistics

Health Evidence —
National Collaborating
Centre for Methods
and Tools

NHS Digital

Institute of Alcohol
Studies

University

of Victoria Canadian
Institute for
Substance Use
Research

Website

https://www.higa.ie/

https://www.hrb.ie/

https://www.gov.ie/en/campaigns/h
ealthy-ireland/

https://www.hse.ie/

https://www.publichealth.ie/

https://www.drugsandalcohol.ie/

https://www.ipa.ie/
https://www.nisra.gov.uk/publicatio
ns/

https://www.infrastructure-
ni.gov.uk/publications

https://www.ons.gov.uk/

https://www.healthevidence.org/sea
rch.aspx

https://digital.nhs.uk/
https://www.ias.org.uk/

https://www.uvic.ca/research/centre
s/cisur/projects/cape/index.php

Search strings

alcohol

alcohol

Alcohol

‘alcohol-related
death’

alcohol

‘Alcohol’ and
‘death’

Alcohol

Alcohol-Specific
Deaths

Alcohol

Alcohol

‘Alcohol’ and
‘death’

Alcohol, death

Results
returned

15

173

1296

331

16

30

430

38

17

17

18

Total screened at
Title and Abstract

15

173

1296

49

331

16

30

430

38

17

18

Total
screened at
full text

0

75

Total included
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Location

Global

Date

23/09/24
30/01/25

29/01/25

Organisation

Canadian Alcohol
Policy Evaluation
(CAPE) and
Community of Practice
World Health
Organization (WHO)

Google Scholar

Google

Movendi

Kettil Bruun Society
WHO
Noncommunicable
diseases (NCD)
dashboard

Website

https://www.who.int/

https://movendi.ngo/
https://www.kettilbruun.org/

https://www.who.int/europe/tools-
and-toolkits/noncommunicable-
diseases-(ncd)-dashboard

Search strings

Alcohol, death,
geography
alcohol death
geography/
socioeconomic
status

alcohol + death
+ geography
Alcohol

‘Death’

Alcohol

Results
returned

236

100

100
264
40

Total screened at
Title and Abstract

First 10 pages

First 10 pages

20
40

Total
screened at
full text

37

13

Total included
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Supplementary Table 3 Quality assessment ratings for ecological studies using the National Heart Lung and Blood Institute (NHLBI) Study Quality Assessment Tool
for observational cohort and cross-sectional studies

" Castillo-
Erskine Ransome Carniglia Jayasekara Senserrick
etal etal Innamoratet  Zhangetal etal g Nagy et al etyal (2014)  etal (2014)
(2010) (2020) al (2013) (65)  (2024)(66) (2013) (68)
(71) (64) (2014) (69) (70)
(67)
1. Was the research question or objective in this paper clearly stated? v v v v v v v v
2. Was the study population clearly specified and defined? v v v v v v v v
3. Was the participation rate of eligible persons at least 50%? NR n/a n/a n/a 4 n/a n/a n/a

4. Were all the subjects selected or recruited from the same or similar populations
(including the same time period)? And were inclusion and exclusion criteria for being in v v v v 4 v v v
the study prespecified and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect estimates

NR n NR v v v v NR
provided? /a
6. For the analyses in this paper, were the exposure(s) of interest measured prior to the , n/a v v v v v v
outcome(s) being measured?
7. Was the timeframe sufficient so that one could reasonably expect to see an association v v v v v v v v

between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different levels of
the exposure as related to the outcome (e.g., categories of exposure, or exposure measured v’ v v v v v v v
as continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and v v v

. . - v v v v v
implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time? NR n/a v x x 4 v v
11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and v v v v v v v v

implemented consistently across all study participants?
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12. Were the outcome assessors blinded to the exposure status of participants?

13. Was loss to follow-up after baseline 20% or less?

14. Were key potential confounding variables measured and adjusted statistically for their

impact on the relationship between exposure(s) and outcome(s)?

Quality rating*

NR=not reported; n/a=not applicable

n/a

n/a

2 - Low

n/a

n/a

4 -High

n/a n/a n/a n/a n/a
n/a n/a n/a n/a n/a

v v v v v

3- Moderate 4 -High 4 -High 4 -High 4 -High

n/a

n/a

3- Moderate

*Quiality rating is based on the four highlighted in bold items (3, 4, 5, and 14) and were scored as Yes=1.0; No=0; Partly=0.5; Not applicable (census data): 1.0 out of a total of 4, where a score
of 2 or lower=low quality rating, 3=moderate, and 4=high quality.

Supplementary Table 4 Quality assessment ratings* for longitudinal studies using the Critical Appraisol! Skills Programme (CASP) checklist for cohort studies

Study author(s)
(Year of publication)

Gaudet et al (2015)
(133)

Adair et al (2020)
(97)

Allik et al (2020)
(103)

Cataldo (2022) (109)

Exeter et al (2011)
(93)

Brown et al (2019)
(94)

Braun et al (2022)
(111)

1

Did the
study
address a
clearly
focused
issue?

2

Was the
cohort
recruited
inan
acceptable
way?

3

Was the
exposure
accurately
measured

minimise
bias?

4

Was the
outcome
accurately
measured
to
minimise
bias?

5.(a)

Have the
authors
identified all
important
confounding
factors?

5.(b)

Have they
taken
account of
the
cornifounding
factors in
the design
and/or
analysis?

v

6.(a)

Was the
follow up
of subjects
complete
enough?

n/a

n/a
n/a
n/a
n/a

n/a

6.(b)

Was the
follow up
of subjects
long
enough?

n/a
n/a
n/a
n/a
n/a
n/a

n/a

7 8

What are How
the results precise
of this are the
study? results?
n/a v

n/a v

n/a v

n/a v

n/a v

n/a v

n/a v

9

Do you
believe
the
results?

10

Can the
results be
applied to
the local
population?

n/a
n/a
n/a
n/a
n/a
n/a

n/a

11
Do the
results of
this study
fit with
other
available
evidence?
x
v
v
X
v
v
v

12

What are
the
implications
of this
study for
practice?

n/a

n/a
n/a
n/a
n/a

n/a
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Study author(s)
(Year of publication)

Spencer et al (2020)
(112)

Shiels et al (2020 (66)

Karnecki et al (2023)
(80)

Leyland et al (2007)
(100)

Moon et al (2020)
(118)

Lehikoinen et al
(2016) (72)

Pulford et al (2018)
(88)

Baeseman (2009)
(129)

Auger et al (2012)
(89)

Strong et al (2012)
(95)

Yao et al (2016) (131)

Hunter et al (2023)
(140)

Kinjo et al
(2021)(120)
Alexiou et al (2021)
(101)

Saunders and
Rudowitz (2024)
(116)

Wojtyniak et al
(2005) (62)

Did the
study
address a
clearly
focused
issue?

Was the
cohort
recruited
inan
acceptable
way?

Was the
exposure
accurately
measured

minimise
bias?

Was the
outcome
accurately
measured
to
minimise
bias?

5.(a)

Have the
authors
identified all
important
confounding
factors?

5.(b)

Have they
taken
account of
the
confounding
factors in
the design
and/or
analysis?

v

v

6.(a)

Was the
follow up
of subjects
complete
enough?

n/a
n/a

n/a

n/a

n/a

n/a

n/a

6.(b)

Was the
follow up
of subjects
long
enough?

n/a
n/a
n/a
n/a
N IE
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a

n/a

What are
the results
of this
study?

n/a
n/a
n/a
n/a

n/a

n/a
n/a

n/a

n/a

n/a

n/a

n/a

How
precise
are the
results?

Do you
believe
the
results?

10

Can the
results be
applied to
the local
population?

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a

n/a

11

Do the
results of
this study
fit with
other
available
evidence?

12

What are
the
implications
of this
study for
practice?

n/a
n/a
n/a
n/a

n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
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Study author(s)
(Year of publication)

Sumetsky et al (2024)
(122)

Hughes (2021) (86)
n/a=not applicable

1 2

Did the Was the
study cohort
address a recruited
clearly inan
focused acceptable
issue? way?

v

v

Was the
exposure
accurately
measured
to
minimise
bias?

Was the
outcome
accurately
measured
to
minimise
bias?

5.(a) 5.(b) 6.(a)

Have they

taken
LERI account of Was the
authors
. ier the follow up
identified all . A
. confounding of subjects
important X

. factors in complete

confounding .

the design enough?
factors?

and/or

analysis?
4 4 n/a
v v n/a

6.(b)

Was the
follow up
of subjects
long
enough?

n/a

n/a

What are
the results
of this
study?

8 9
How Do you
precise believe
are the the
results? results?
v v
v v

10

Can the
results be
applied to
the local
population?

n/a

n/a

11

Do the
results of
this study
fit with
other
available
evidence?

12

What are
the
implications
of this
study for
practice?

* A tick mark v represents that the study met the criteria of the item on the assessment tool. Quality ratings were scored a total of 12, where a score of 4 or lower=low quality rating, 5—-8=
moderate, and 9-12=high quality.

Supplementary Table 5 Quality assessment ratings for cross-sectional studies using the Joanna Briggs Institute Critical Appraisal Checklist for Analytical Cross-Sectional

Studies

Study author (Year of
publication)

Blomgren et al (2004)
(18)

Arreola-Rissa et al
(2008) (125)

Czech et al (2010) (126)
Gjerde et al (2011)
(127)

Lasota et al (2020)
(135)

Koskela et al (2017)
(114)

Grigoriev et al (2017)
(119)

Wundersitz (2017)
(128)

1.

Were the criteria for
inclusion in the
sample clearly
defined?

v

v

2.

Were the study
subjects and the
setting described in

detail?

v

v

3.

Was the exposure
measured in a valid
and reliakle way?

v

4.

Were objective, standard

criteria used for

measurement of the

condition?

v

v

5.

Were
confounding
factors
identified?

v

v

6.

Were strategies to
deal with
confounding factors
stated?

v

7.

8.

Was

Were the outcomes

measured in a valid
and reliable way?

v

appropriate

statistical

v

v

analysis used?
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Study author (Year of
publication)

Connolly et al (2011)
(82)

Kaplan et al (2013) (76)

Kovse et al (2012) (91)
Reccord et al (2021)
(77)

Brown and Leyland
(2010) (92)

Rudisill et al (2023)
(137)

Silczuk et al (2023)
(110)

Rosicova et al (2011)
(87)

Breakwell et al (2007)
(90)

Caetano et al (2013)
(79)

Camacho et al
(2024)(99)

Lyubinets et al (2021)
(108)

Zemore et al (2022)
(113)

Geedipally et al (2011)
(132)

Hurzeler et al (2021)
(78)

Dietze et al (2009) (83)
Scottish Health Action
on Alcohol Problems
(2018) (98)

Northern Ireland
Statistics and Research
Agency (2024) (73)
Miscikiené et al (2024)
(123)

1.

Were the criteria for
inclusion in the
sample clearly
defined?

v

v
v
v

<

2.

Were the study
subjects and the
setting described in
detail?

v

v
v
v

<

3.

Was the exposure
measured in a valid
and reliable way?

NN

AN

4.

Were objective, standard

criteria used for
measurement of the
condition?

v

v
v
v

AN

5.

Were
confounding
factors
identified?

v

v

6.

Were strategies to
deal with
confounding factors
stated?

v

v

X

v

n/a

7.

Were the outcomes
measured in a valid
and reliable way?

SRR

N

8.
Was

appropriate
statistical
analysis used?

v

v
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Study author (Year of
publication)

United Kingdom. Office
for National Statistics
(England) (2024) (58)
United Kingdom. Office
for National Statistics
(Wales) (2024) (58)
Northern Ireland
Statistics and Research
Agency (2019) (130)
National Records for
Scotland (2024) (130)
Subhani et al (2022)
(96)

Warren and Reavis
(2022) (117)

Subedi et al (2019)
(115)

Ministry of Health New
South Wales (2022)
(85)

Folk et al (2024) (121)
United Kingdom. Office
for National Statistics
(2021) (141)
United Kingdom. Office
for National Statistics
(2021) (104)
Raatiniemi et al (2016)
(124)
Lasota et al (2019)
(134)

n/a=not applicable

1.
Were the criteria for
inclusion in the

sample clearly
defined?

v

2.

Were the study
subjects and the
setting described in
detail?

v

3.

Was the exposure
measured in a valid
and reliable way?

v

4.

Were objective, standard

criteria used for
measurement of the
condition?

v

5.
Were
confounding

factors
identified?

X

6.

Were strategies to
deal with
confounding factors
stated?

x

n/a

7.
Were the outcomes

measured in a valid
and reliable way?

v

8.
Was

appropriate
statistical
analysis used?

v

* A tick mark v represents that the study met the criteria of the item on the assessment tool. Quality ratings were scored a total of 8, where a score of 2 or lower=low quality rating, 3-5=
moderate, and 6-8=high quality.
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Supplementary Table 6 Diagnoses 100% attributable to alcohol use with ICD-10 codes

Diagnosis ICD-10 code
Alcohol-induced pseudo-Cushing’s syndrome E24.4
Mental and behavioural disorders due to use of alcohol F10
Acute intoxication F10.0
Harmful use F10.1
Dependence syndrome F10.2
Withdrawal state F10.3
Withdrawal state with delirium F10.4
Psychotic disorder F10.5
Amnesic syndrome F10.6
Residual and late-onset psychotic disorder F10.7
Other mental and behavioural disorders F10.8
Unspecified mental and behavioural disorder F10.9
Degeneration of nervous system due to alcohol G31.2
Alcoholic polyneuropathy G62.1
Alcoholic myopathy G72.1
Alcoholic cardiomyopathy 142.6
Alcoholic gastritis K29.2
Alcoholic liver disease K70
Alcoholic fatty liver K70.0
Alcoholic hepatitis K70.1
Alcoholic fibrosis and sclerosis of liver K70.2
Alcoholic cirrhosis of liver K70.3
Alcoholic hepatic failure K70.4
Alcoholic liver disease, unspecified K70.9
Alcohol-induced pancreatitis K85.2
Alcohol-induced chronic pancreatitis K86.0
Finding of alcohol in blood R78.0
Toxic effect of alcohol T51
Toxic effect of ethanol T51.0
Toxic effect of methanol T51.1
Toxic effect of other alcohols T51.8
Toxic effect of alcohol, unspecified T51.9
Accidental poisoning by and exposure to alcohol X45
Intentional self-poisoning by and exposure to alcohol X65
Poisoning by and exposure to alcohol, undetermined intent Y15
Evidence of alcohol involvement determined by blood alcohol level Y90

Page 59



The association between alcohol-related deaths and area-level socioeconomic deprivation and other geographic characteristics in high-income countries

Supplementary Table 7 PRISMA checklist (52)

TITLE
Title | 1 | Identify the report as a systematic review. 1
ABSTRACT
Abstract | 2| See the PRISMA 2020 for Abstracts checklist. 3
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge. 6
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses. 6
METHODS
Eligibility criteria Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
Information Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies.
sources Specify the date when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used. 6
Selection 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened | 8
process each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the
process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they 8
process worked independently, any processes for obiaining or confirming data from study investigators, and if applicable, details of
automation tools used in the process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain | 8
in each study were sought (e.g. ior all measures, time points, analyses), and if not, the methods used to decide which results to
collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). 8
Describe any assumptions made about any missing or unclear information.
Study risk of 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers 9
bias assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
assessment
Effect 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. n/a
measures
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention 8
methods characteristics and comparing against the planned groups for each synthesis (item #5)).
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13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or | 8
data conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses.
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe
the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta- n/a
regression).
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. n/a
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). n/a
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the boady of evidence for an outcome. 9
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of 11
studies included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusicn criteria, but which were excluded, and explain why they were excluded. n/a
Study 17 | Cite each included study and present its characteristics. 48, S7
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. 41 - 46
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and n/a
individual its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
studies
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. 12
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its n/a
precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of
the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. n/a
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. n/a
Reporting 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. n/a
biases
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Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. n/a
evidence
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence. 18 - 21
23b | Discuss any limitations of the evidence included in the review. 22
23c | Discuss any limitations of the review processes used. 22
23d | Discuss implications of the results for practice, policy, and future research. 23
OTHER INFORMATION
Registration 24a | Provide registration information for the review, including register name and registration number, or state that the review was not 3
and protocol registered.
24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 6
24c | Describe and explain any amendments to information provided at registration or in the protocol. 10
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. 16
Competing 26 | Declare any competing interests of review authors. n/a
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from | n/a
data, code and included studies; data used for all analyses; analylic code; any other materials used in the review.
other materials
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Supplementary Table 8 Synthesis Without Meta-analysis (SWiM) explanation and elaboration (184)

Page in manuscript where item is

SWiM reporting item Item description Other*
reported

Methods
1a) Studies were grouped according to the cause
of alcohol-attributable death and further

. . . . . 10

1 Grouping studies for synthesis organised by the geographic features of those
deaths.
1b) n/a

We assessed the magnitude of intervention

effects and the direction of effect, indicating

whether the interventions were positively or

negatively associated with the outcome. The

direction of the effect was classified based on the

results of each included study, i.e. if a study 13-14

indicated that rural areas had a higher rate of

alcohol-related mortality, it was categorised as a

positive effect. This allows an insight into the

harms or benefits associated with each

geographicai characteristic.

Studies were summarised qualitatively, extracting

key outcomes and effect estimates and presenting

3 Describe the synthesis methods them narratively and in tabular format. Studies 14-18
where the outcome was similar were grouped
allowing comparisons to be made.
The objective of the synthesis was to answer the
research question effectively; are geographical
characteristics associated with alcohol-related

4 Criteria used to prioritise results for summary mortality? To prioritise the results, studies that

and synthesis were most relevant to the research question were
prioritised as they suggested greater reliability,
followed by the quality of the studies, such as
those with large sample sizes, and/or rigorous

2 Describe the standardised metric and
transformation methods used

14
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5 Investigation of heterogeneity in reported
effects

6 Certainty of evidence

7 Data presentation methods

Results

8 Reporting results

Discussion

9 Limitations of the synthesis

analysis, suggesting greater generalisability of
findings. Findings that were consistent across
studies, such as low SES association with alcohol
related mortality, were also prioritised.

Although meta-analysis was not possible, the
studies included in this systematic review were
descriptively analysed, including both a detailed
quality assessment of the studies, summarising
the key characteristics of the studies such as
design, demographics, population, interventions
(where applicable), and outcomes. Through
comparison of the study characteristics, potential
sources of heterogeneity were identified.

Each study included was critically appraised for
risk of bias using the NHLBI quality assessment
tool, for ecological, the CASP checklist for cohort
studies, and the JBI Critical Appraisal Checkiist for
Analytical Cross-Sectional Studies.

A table to show the direction and significance of
the findings to support the synthesis is available in
the systematic review

There was a consistent positive association
between lower area-based socioeconomic status
and alcchol-related mortality. Rural locations
were more common for alcohol-related road
traffic collisions and suicides.

The included studies varied in their
methodologies, including longitudinal studies and
observational studies, potentially resulting in
uncertainty in the generalisability. Definitions of
alcohol-related mortality and in definitions of
geographical characteristics differed in the
studies, typically depending on the country the
study was conducted in. This limits the ability to

14

11,42 -47
49 -51, 56
13-14
19-23

Page 64



The association between alcohol-related deaths and area-level socioeconomic deprivation and other geographic characteristics in high-income countries

definitively conclude the role of the geographical
characteristics that may influence alcohol-related
mortality.

Confounding factors were not always considered
in the included studies which highlights a
limitation in the observation of significant
associations. Geographic features vary by location
of study and other confounding factors may have
played a more significant role, such as legislation
within the jurisdiction, alcohol use patterns, and
healthcare access issues.

Although the systematic review was limited to
studies conducted since 2004, the time
differences and economical changes may have
influenced the accuracy of the data.
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