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Abstract: There are large socioeconomic inequalities in alcohol-related harm. The alcohol harm

paradox (AHP) is the consistent finding that lower socioeconomic groups consume the same or less

as higher socioeconomic groups yet experience greater rates of harm. To date, alcohol researchers

have predominantly taken an individualised behavioural approach to understand the AHP. This pa-

per calls for a new approach which draws on theories of health inequality, specifically the social

determinants of health, fundamental cause theory, political economy of health and eco-social mod-

els. These theories consist of several interwoven causal mechanisms, including genetic inheritance,

the role of social networks, the unequal availability of wealth and other resources, the psychosocial

experience of lower socioeconomic position, and the accumulation of these experiences over time.

To date, research exploring the causes of the AHP has often lacked clear theoretical underpinning.

Drawing on these theoretical approaches in alcohol research would not only address this gap but

would also result in a structured effort to identify the causes of the AHP. Given the present lack of

clear evidence in favour of any specific theory, it is difficult to conclude whether one theory should

take primacy in future research efforts. However, drawing on any of these theories would shift

how we think about the causes of the paradox, from health behaviour in isolation to the wider

context of complex interacting mechanisms between individuals and their environment. Meanwhile,

computer simulations have the potential to test the competing theoretical perspectives, both in the

abstract and empirically via synthesis of the disparate existing evidence base. Overall, making greater

use of existing theoretical frameworks in alcohol epidemiology would offer novel insights into the

AHP and generate knowledge of how to intervene to mitigate inequalities in alcohol-related harm.

Keywords: alcohol; alcohol-related harm; socioeconomic position; health inequality; social determinants

1. Introduction

Systematic socioeconomic inequalities in health persist and continue to widen across
the globe, including in countries ranked highly on indices of economic prosperity and
human development [1,2]. Alcohol-related health outcomes are not only an example of
health inequality but also contribute to inequalities in both life expectancy and death
age between socioeconomic groups [3]. There is a large body of evidence to suggest
that, although those of lower socioeconomic position (SEP) tend to drink the same or less
on average as those in higher SEPs, they still experience greater rates of alcohol-related
harm [4]. One record linkage study found that, despite controlling for alcohol consumption
and other risk behaviours, the most deprived group still maintain a three-fold higher
risk of alcohol-related harm [5]. This phenomenon, termed the alcohol-harm paradox
(AHP), treats alcohol use as a risk factor for health-related harm, although when alcohol
use crosses into alcohol dependence the social/health state of dependence that arises is

Int. J. Environ. Res. Public Health 2021, 18, 6025. https://doi.org/10.3390/ijerph18116025 https://www.mdpi.com/journal/ijerph



Int. J. Environ. Res. Public Health 2021, 18, 6025 2 of 12

viewed as a harm outcome [6]. The AHP is found consistently across several outcomes,
including alcohol dependence [7], alcohol-related morbidity [8] and mortality [4]. Yet the
causal mechanisms remain unclear.

Despite socioeconomic inequalities in alcohol-related health outcomes, health be-
haviour has been central to research investigating the AHP [9]. This reflects wider public
health trends, as for decades epidemiological research has been criticised for its emphasis
on using individual-level proximal risk factors to predict population-level health [10,11].
Arguably this has led to the most affluent reaping the health benefits due to their increased
access and uptake of behaviour change interventions [2].

Cross-sectional research has demonstrated that low SEP groups tend to drink on
fewer occasions but drink more heavily per occasion compared to high SEP groups [12,13].
They are also more likely to engage in multiple health-risk behaviours (e.g., smoking,
poor diet) [12]. However, these studies do not measure harm outcomes.

Conversely, two record-linkage studies found that behavioural factors, including drink-
ing pattern, smoker status and BMI, could not fully explain the paradox [5,14]. These factors
attenuated inequalities, but low SEP groups still had a persistently higher risk of alcohol-
related harm [ibid.]. These findings were confirmed by a recent meta-analysis, which found
that quantity of alcohol consumed and drinking patterns could not explain socioeconomic
inequalities in the relative risk of both all-cause and alcohol-attributable mortality [4].
This suggests health behaviours are unable to fully explain the AHP.

While empirical research on the AHP has been limited in exploring other factors
associated with socioeconomic circumstances [9], there is an increasing appetite to draw
on explanations used to understand health inequalities. A report summarising the AHP
discusses access to healthcare and material resources as potential explanations [15]. How-
ever, at present, there is a lack of theoretical structure to research investigating the AHP.
Our understanding of the causes of the paradox remains stagnant due to a continual focus
on individual behaviour. This is reflected in recent calls for exploration of contextual
factors (e.g., characteristics of drinking environment) and how they not only influence
health behaviour but may also directly impact harm [16].

The aim of this paper is to address this gap by identifying alternative approaches
rooted in health inequality theory which could be used to design future research on the AHP.
To achieve this, we review theories of health inequality and their potential to understand
the causes of—and therefore potential solutions to—the AHP. We do not aim to synthesise
these theories or recommend any one theory. In the context of the AHP, drawing on any of
these approaches would be a novel way to conceptualise the problem or inform research
design. In Section 2 we introduce prominent theories including the social determinants
of health (SDH), fundamental cause theory (FCT), the political economy approach and
the eco-social model and discuss the extent to which these approaches are present in the
existing AHP literature. We do so by explicitly drawing on a recent systematic review
which presents an overview of the explanations for the AHP [9]. We then examine how
these theories could be used to explicitly frame research on the AHP. In Section 3 we discuss
the potential use of computer simulations to assess their explanatory value. In Section 4
we discuss what adopting a health inequality lens could mean for the wider alcohol-harm
research agenda.

2. Drawing on Theories of Health Inequality to Understand the AHP

Since the publication of the UK Black Report on Inequalities in Health [17], sev-
eral theories have been developed which seek to explain how SEP drives health outcomes.
Most have a common focus: to shift attention away from the individual-level and be-
havioural factors, and instead take a multi-level approach. In this section we outline
four main theoretical approaches: the SDH, FCT, the political economy approach and the
eco-social model (see Table 1 for descriptions of each theory), and referring to a recent
review [9], discuss how these approaches fit with explanations for the AHP used within
scientific literature. The review highlighted which explanations had remained hypothetical,
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and which were present in the empirical research. We aim to highlight how explicitly
drawing on theories of health inequality could support research aiming to identify the
causal mechanisms that drive the AHP.

Table 1. Health inequality theories with descriptions.

Theory Description

Social Determinants of Health

Contains four sub-theories (culture-behaviour, materialist, psychosocial and
lifecourse). The social determinants of health specify the interacting role of factors
from the narrowest sphere (e.g., individual biological mechanisms) to the broadest

(e.g., the structure of society) [18]. These determinants can be distinguished into
upstream factors (e.g., socioeconomic structure of society) and downstream factors,

(e.g., individual factors, health policy and healthcare) [19,20]. The structures in society
not only impact health directly but also indirectly by creating mechanisms (or SDH),
which are then distributed to reflect the socioeconomic stratification of society [21].

Fundamental Cause Theory

Central to FCT are resources defined as money, knowledge, power, prestige, and social
connections. It is proposed that high SEP groups have increased access to these

flexible resources and can employ them to avoid risks, reduce the consequences of
disease and uptake available treatment to improve health. Conversely, these resources

are not readily available to low SEP groups. FCT opposes individualistic beliefs,
emphasising that health cannot be individually controlled and is to some extent the

responsibility of the state [22].

Political Economy of Health

The political economy account draws on the idea that cultural-behavioural, material,
and psychosocial explanations are rooted in structures (e.g., politics, the economy,
work, and labour markets) [23,24]. It is the wider macro-economic and political

context that determines the distribution of the SDH, population health and
inequalities [25,26]. This often occurs through public policy decision making, which is

impacted by the corporate and business sector, labour, civil society, and political
attitudes (e.g., individualistic versus environmentally or socially focused) [23].

Eco-social Model

The eco-social approach developed by Krieger is a multi-level theory which seeks to
“develop analysis of current and changing population patterns of health, disease and

well-being in relation to each level of biological, ecological and social organization”
[27]. Key to this theory is the idea that biology and biological changes are determined
by the social environment [10]. For example, alleged racial differences in biology (e.g.,
kidney function, blood pressure) posited by biomedical research are instead seen as
the modifiable and embodied biological result of occupational and residential racial

segregation [27].

2.1. The Social Determinants of Health: Current Evidence and Future Directions

The SDH refers to the social and economic factors that shape health at the individual
and population level [28,29]. This approach, originated from the Rainbow Model [30],
was refined by the WHO in the 2000s [18] and continues to be central to public health
research. It attempts to shift the focus from individual-level behaviours as the cause of
health inequality to social determinants which themselves determine not only health but
also behaviour [31]. Drawing on this theoretical approach to understand the AHP could be
the first step to shift from an individual approach.

Within the SDH theoretical approach there are four underlying-interrelated-explanations:
culture-behaviour, materialist, psychosocial and lifecourse [32].

Culture-Behaviour. Norms and cultural practices associated with socioeconomic
groups have been hypothesised to impact alcohol-related harm. There has been discussion,
but no formal hypothesis testing, for how normative differences in drinking patterns
between socioeconomic groups might contribute to AHP [33,34]. Culture and norms may
also influence help-seeking and engagement with preventative healthcare services [35].
There is further scope to examine occasion-level risk factors, such as drinking contexts and
their association with acute alcohol harm [36].
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Materialist. The materialist approach is not present in empirical work investigat-
ing the AHP. Researchers have hypothesised that some of the mechanisms associated
with materialism lead to socioeconomic inequalities in alcohol-related harm without ex-
plicitly drawing on theory. This includes individual material deprivation (e.g., housing
and employment), which results in individuals having worse health and a lack of re-
sources to protect themselves from a problem or stressful life event [15,37,38]. Additionally,
place-based materialist mechanisms, such as a lack of environmental resources (e.g., treat-
ment facilities and preventative services), alcohol outlet density and barriers to accessing
healthcare have all been hypothesised contribute to the AHP [39,40].

When providing materialist explanations for the AHP, researchers tend to focus on the
mechanisms which impact the most deprived in society, without considering the material
advantages available to wealthier socioeconomic groups. Additionally, material explana-
tions are typically discussed in isolation in the AHP literature, meaning the link between
materialist explanations and societal structures (e.g., the welfare state and benefits system)
is missing from the current narrative.

Historically, the contribution of individual material factors (car ownership) to health
inequalities has been well evidenced [41–43]. Subsequent research also includes resources
available in the environment (e.g., access to destinations, transportation systems) [44]. Ap-
plying these measures to identify material differences within and between socioeconomic
groups could reveal the contribution of material mechanisms to the AHP.

Psychosocial. The psychosocial approach has yet to be used in research investigating
the AHP. Stress-related mechanisms are hypothesised to play a role, particularly lower
socioeconomic groups experience a greater number of stressful life events, negative stereo-
typing, stigma, and social isolation [7,37,45,46]. The lack of social relationships is purported
to lead to maladaptive coping strategies, consuming alcohol to cope and a reduced re-
silience to future negative events [47,48]. Conversely, it is acknowledged that affluent
individuals have a beneficial network of social connections and therefore a greater social
‘buffer’ against stressful life events [40,49]. While these hypothesised mechanisms touch
on components of the psychosocial approach, the role of social comparison (when lower
socioeconomic groups compare themselves with others) and discussion of the biological
consequences, both central to the psychosocial approach, are missing from the current
AHP literature.

Explicitly using the psychosocial approach would reframe the discussion of psy-
chological and social mechanisms to consider how people feel compared to others and
the psychological and biological consequences of those feelings which may contribute
to the inequalities expressed within the AHP. This concept of relative deprivation is par-
ticularly important given the presence of the AHP in high income social welfare state
countries [9] where social inequality persists. There is a vast literature on psychosocial
pathways, which have been shown to contribute to health inequalities more generally [50],
particularly in the form of social capital (capturing both social buffer and potential negative
effects of social inequality and exclusion). Future work aiming to understand the AHP
could usefully refer to the measures of social capital used in existing studies.

Lifecourse. The life-course explanation integrates aspects of several other explanations,
allowing different causal mechanisms and processes to explain socioeconomic health
inequalities. Risk factors associated with other SDH explanations have been situated in
time by some researchers investigating the AHP. This work shows promise, with one study
finding cumulative behaviours (those that persist over time) attenuate the link between
SEP and all-cause mortality by 38–77% compared to adjusting for proximal behaviours
which attenuated the link by only 24–55% [51]. Some literature on the AHP discusses the
impact of experiencing material disadvantage at critical time periods (e.g., childhood) and
the accumulation of negative events as having prolonged negative health effects [52–54].

The life-course perspective has been adopted in research using event history analysis
and retrospective data, for example in a study investigating the role of cultural capital and
cultural health capital during childhood in the uptake of mammography in later life [55].
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There is a lack of application of these methods in the context of alcohol-harm, with only
one similar example identified in the review which investigated factors associated with the
development of a comorbid alcohol and mental health condition [53].

The overall SDH approach is, however, subject to criticism. It has been argued that
those who adopt it remain focused on the intermediary causes of health inequalities de-
spite the consensus that it is the macro-level structures that result in health inequality [56].
These macro-level structures are viewed as being outside individual control and have
become ‘causes of causes’ obscured by more proximate factors (e.g., health behaviour).
This has resulted in theoretical and empirical research dedicated to describing the mecha-
nisms that link socioeconomic inequalities to health, as opposed to identifying the source
of socioeconomic inequality [56]. One theory developed to address this gap is FCT [22,57].

2.2. Fundamental Cause Theory: Current Evidence and Future Directions

FCT shifts the focus from individual-level causes of health inequalities to looking
at the context; what puts people “at risk of risks” [22]. This means acknowledging that
risk factors (e.g., alcohol consumption) are generated by social conditions, specifically the
socioeconomic stratification of society. Crucially this theory does not deny the role of
social determinants but suggests that base mechanisms associated with SEP determine
whether individuals can adapt to the introduction of new disease, risks or treatment [58].
Proponents of this theory highlight that SEP should be viewed as the fundamental cause of
health inequality and any downstream risk factors rooted within it [58]. From this perspec-
tive, neglecting the social conditions which generate risk factors has slowed progress in
reducing health inequalities.

FCT is not apparent in research investigating the AHP. Using this theory to frame
the mechanisms underlying the paradox requires a focus on the societal structures which
generate social inequality. Viewing SEP as a fundamental cause of health inequality
requires the understanding that disparities are generated through multiple intervening
risk-factor mechanisms which alter over time [22]. Key to this is the role of resources
(money, knowledge, power, prestige, and access to social connections), closely linked to
the materialist approach [22,58]. FCT asserts that health inequalities will remain despite
societal and healthcare changes so long as the socioeconomic structure giving access
to resources remains stable [58]. Drawing on this perspective to understand the AHP
would require acknowledging the existence of this structure and treating SEP as a meta-
mechanism responsible for access to resources which could mitigate the effects of other
factors associated with the SDH.

A comparative case-study using FCT predicted that as lung cancer becomes more
preventable, due to knowledge of the link between smoking and the disease, those with
greater access to resources disproportionately benefit, thus increasing health inequali-
ties [59]. Contrastingly, for a disease lacking in major prevention or treatment innovation
(e.g., pancreatic cancer), there was found to be no mortality advantage associated with so-
cioeconomic group, and this trend was consistent across time [ibid.]. Alcohol-related harms
(e.g., liver disease), are largely preventable. Trend analysis could test the role of FCT and
investigate whether the introduction of prevention or treatment measures over time has
resulted in socioeconomic inequalities in alcohol-related harm.

2.3. The Political Economy of Health: Current Evidence and Future Directions

Sitting between the SDH and FCT is the political economy of health approach. The po-
litical economy explanation is an attempt to acknowledge the role of upstream factors in
generating and distributing risk factors. It argues that the social- and behavioural- determi-
nants of health are themselves shaped by structural determinants: politics, the economy,
the (welfare) state, political institutions, the organisation of work and the structure of the
labour market [60–62] and that population health is shaped by the “social, political and
economic structures and relations” that may be, and often are, outside the control of the
individuals they affect [25,27].
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Structural influences within the political economy approach have only been tenuously
linked to the AHP. The economic and socio-political conditions, alcohol policy, corporate in-
fluence, employment, and power relations are provided as potential explanations for the
AHP [45,63–65]; however, authors do not clearly articulate the underlying mechanisms.
They touch on the commercial determinants of health as key drivers of alcohol-related
harm which aligns with recent calls to acknowledge the detrimental role of the private
sector on both the environment and health behaviour, which in turn determines health [66].
The political economy perspective clearly defines the role of these structures as influencing
the distribution of the other SDH. Drawing on a synthesis of these perspectives in the
context of alcohol-related harm would highlight these mechanisms. For example, the so-
cial and political attitudes of residents and decision makers influence the investment of
public services in deprived areas, which then determines the availability of services [67],
a materialist determinant of health.

Studies investigating the role of political economy in the generation of health in-
equalities typically take a cross-national comparative approach. This involves comparing
different economic and political systems to understand how these systems contribute to
health inequalities, both within and between countries [68]. This approach to research pro-
vides the opportunity to identify how the structure of the labour market, employment and
welfare systems can prevent or increase health inequalities [ibid.]. There is a current lack of
cross-national comparisons in the existing AHP literature.

2.4. The Eco-Social Model: Current Evidence and Future Directions

A recent commentary by Bloomfield has called for future research investigating the
AHP to draw on the eco-social approach, acknowledging that inequalities in alcohol-related
harms cannot be explained by drinking patterns alone [16]. The main distinguishing feature
of the eco-social approach is the emphasis it places on biological and ecological analysis [69].

Biological mechanisms have been hypothesised to contribute to the AHP. Primar-
ily these have been related to health behaviours and genetic alterations due to the expe-
rience of disadvantage [12,33]. For example, engaging in certain patterns of behaviour
(e.g., multiple unhealthy behaviours or drinking with meals) has metabolic effects which
compound or protect against the effects of alcohol consumption [33]. Biological alteration
related to the experience of disadvantage or differences based on ethnicity were also more
vaguely linked to the AHP [48].

Explicitly using the eco-social approach would shift the focus to how individuals
biologically embody their social conditions. Achieving this in empirical research requires
access to biological and social data. A recent paper which analysed data from several cohort
studies investigated the relationship between social disparity and biology, finding evidence
of biological changes in response to the environment [70]. There may be opportunities
for alcohol researchers to engage in collaborative projects or gain access to data sets,
for example, the UK Biobank [71], which would allow the opportunity to investigate the
eco-social model in the context of alcohol harm.

3. Computer Simulations Can Test the Explanatory Value of Mechanisms Specified in
Health Inequality Theory

Explicitly drawing on existing theories of health inequality may address the gap in
identifying and extracting relevant variables and relationships in the pursuit to understand
the AHP. However, the methods best placed to test these causal relationships requires
further scrutiny.

To study these complex relationships, which exist on a multi-level plane (e.g., indi-
vidual, community, and structural levels) and are dynamic in nature, suitable research
methods are required. The “risk factor” approach to epidemiology explores decontextual-
ized and independent relationships between dependent and independent variables and
uses linear reductionist models to test these relationships [72]. To capture the features
of complexity, a mechanism-based approach is required which explicates the details of
how regularities are brought about rather than focusing on statistical regularities between
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variables [73]. Mechanisms consist of “entities” and the “activities” entities engage in,
either as a collective or independently, to bring about a particular outcome [ibid.]. Com-
puter simulation methods are a good candidate to test mechanisms, and complex system
models have become increasingly attractive in public health research [74].

A review of the use of simulation models in the context of health inequality concluded
that they enhance our understanding of socioeconomic health inequalities [75]. Specifically,
the class of techniques known as agent-based modelling (ABM) can flexibly model the
multilevel, reciprocal, and indirect effects of socioeconomic inequalities [ibid.]. ABMs are
computer simulations comprised of agents (e.g., individuals or households) and their
interactions within the context of their environment [76]. ABMs provide the opportunity
to test mechanisms specified in theory [77]. This ranges from abstract theory testing to
more concrete applications which draw on empirical data to inform the properties and
environments of agents [78]. Much like other types of simulation model, ABMs enable
otherwise fragmented evidence to be synthesised to address research questions and inform
decision making [79].

One example of an ABM implemented to understand socioeconomic health inequali-
ties explored the role of bounded rational choice mechanisms (individual level) and spatial
segregation (structural level) in the emergence of income gradients in healthy eating [80].
This model represented both food stores and households as having agency over decisions
to supply and purchase, respectively, healthy, or unhealthy foods. The model equations de-
fine the mutual interactions between stores and households, enabling feedback loops to be
represented. The model’s findings suggest that differences in diet between socioeconomic
groups arises only when high income households and healthy stores are both spatially
segregated from low-income households and unhealthy stores. Once established, these diet
inequalities could only be overcome when both groups had favourable preferences for
healthy foods and when healthy food was relatively cheap [ibid].

A similar approach could be taken to investigate the mechanisms specified in health
inequality theory. Here, we sketch such a model. In psychosocial theory, one mechanism
proposed to result in socioeconomic differentials in health is that high SEP groups have
a protective social buffer [40,49]. Hypothetically, this mechanism could be represented
in an ABM by simulating individuals as agents and defining a macro-level social net-
work structure with connections based on agent attribute similarity (e.g., age, gender).
Agents would possess the capability to give or receive support in the presence of a stressful
event. However, this capability would be contingent on their own resources (e.g., income),
type of support available to them (e.g., emotional support) and their own stress burden.
Individuals who receive support from their network would have a reduced stress burden
and therefore reduced risk of harm. The network could also be responsive to changes in
relationships (e.g., providing support strengthens ties while refusing support breaks social
ties between agents). A simulation such as this would allow in silico experimentation with
changes in resources, types of support and stress, to determine how these features impact
not only individuals but also, potentially, their social network structure.

Recent developments in computer model integration have also demonstrated that
ABMs which combine mechanisms from multiple theories can provide an improved ex-
planation for complex phenomena (in terms of parsimony and empirical goodness-of-
fit) [81,82]. These integration findings are particularly relevant given that theories of health
inequality do not necessarily compete, but rather attempt to explain health inequality from
different viewpoints.

Computer simulation methods such as ABM have yet to be applied to understand the
AHP and would allow us to make best use of the available evidence to test the explanatory
value of the mechanisms described in existing theories of health inequality. When we
extract the mechanisms from these theories and implement them in an ABM simulation,
does the simulation generate inequalities in alcohol-related harm?
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4. Discussion

It is clear research investigating the AHP eschews the use of theory. Many of the
mechanisms specified in health inequality theory are touched on as hypothetical expla-
nations for the paradox, mainly on an ad-hoc basis and in the absence of clear theoretical
structure. Structure would be provided by drawing on any of these theories explicitly.
In the one instance where one of the theories was present in the empirical work on the
AHP, this showed promise, as cumulative behaviours across the lifecourse could explain a
greater proportion of harm experienced by lower socioeconomic groups [51]. There is a
lack of evidence, which makes it difficult to conclude whether one theory over another can
best explain the AHP, especially as these theories do not necessarily compete but examine
causes of health inequality at different levels and with differing emphasis on certain factors.
One thing is clear: the use of these theories will shift how we think about the causes of the
paradox from health behaviour in isolation, to the wider context of complex interacting
mechanisms between individuals and their environment.

Framing alcohol research using health inequality has significant implications for
the study of the AHP and the wider alcohol harm research agenda. In the past, be-
havioural framings have resulted in empirical work underpinned by individual proximal
factors, specifically alcohol consumption and other health behaviours. In Section 2, for each
theory, we identified research designs implemented in social epidemiology which attempt
to understand the causes of health inequality more generally (e.g., new measurements
that capture social capital [50], or cross-national comparisons [68]). We can utilise the
advances in social epidemiology, for example the introduction environmental resources in
the materialist perspective [44] and apply this to the AHP.

Taking a behavioural approach has resulted in the implementation of policies which
often rely solely on individuals taking action to reduce their alcohol consumption (e.g.,
educational campaigns), which arguably increase inequalities [15,83]. There have been
attempts to reduce inequalities by introducing minimum unit pricing in several countries,
including Scotland, Wales, and Australia’s Northern Territory. In theory this policy reduces
the consumption of alcohol, particularly for those of a lower SEP, as they typically purchase
alcohol at cheaper price points [84]. However, the focus of this policy remains on reducing
alcohol consumption, which will not address the underlying causes of inequality.

Critically, shifting from this focus on alcohol consumption as the fundamental cause
of harm in alcohol research requires researchers to acknowledge the causal processes
driving harm are complex and that understanding of these processes requires different
methodological perspectives, drawing on ideas from complexity science [85].

While the focus of this paper has been on the AHP, a well evidenced phenomenon,
it is possible that a harm paradox could exist for other health behaviours. Hypothetically,
with the same number of cigarettes smoked, those of a lower SEP may experience greater
rates of smoking related harm, and there is evidence to support this hypothesis [86].
This reflects a slight misnomer—the AHP is not particularly paradoxical if it simply
reflects wider causes of health inequalities. This concern further reinforces the need to
utilise theories of health inequality to understand the complex interactions between health
behaviour, the environment and harm and explore why lower socioeconomic groups are
more vulnerable to the negative effects of risk behaviour.

5. Conclusions

The existing research on the causes of the AHP lacks theoretical structure and relies
heavily on analysing the contribution of health behavioural risk factors. Drawing on health
inequality frameworks would result in a more structured effort which gets at the root causes
of both alcohol-related harm and alcohol-related health inequalities. Using these multi-
level frameworks would allow us to understand the role of other mechanisms, in addition
to alcohol consumption, which exist in the wider socioeconomic environment. Simulation
methods (e.g., ABMs) allow for the opportunity to meaningfully explore the complexity
captured in health inequality theory. Combining these theories with simulation methods
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has the potential to inform policy, which not only reduces consumption but also reduces
harm, and in turn health inequalities, more broadly.

Author Contributions: Conceptualization, J.B., C.B., R.C.P. and J.H.; investigation, J.B.; writing—
original draft preparation, J.B.; writing—review and editing, C.B., R.C.P. and J.H.; supervision, R.C.P.
and J.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by The Wellcome Trust (108903/B/15/Z), the National In-
stitute on Alcohol Abuse and Alcoholism of the National Institutes of Health (Award Number:
R01AA024443) and the UKPRP SPIHER Consortium: Systems science in Public Health and Health
Economics Research (MR/S037578/1). For the purpose of Open Access, the author has applied a CC
BY public copyright license to any Author Accepted Manuscript version arising from this submission.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the
design of the study; in the writing of the manuscript, or in the decision to publish the results.

References

1. Mackenbach, J.P.; Bos, V.; Andersen, O.; Cardano, M.; Costa, G.; Harding, S.; Reid, A.; Hemström, Ö.; Valkonen, T.; Kunst,
A.E. Widening socioeconomic inequalities in mortality in six Western European countries. Int. J. Epidemiol. 2003, 32, 830–837.
[CrossRef] [PubMed]

2. Mackenbach, J.P. The persistence of health inequalities in modern welfare states: The explanation of a paradox. Soc. Sci. Med.

2012, 75, 761–769. [CrossRef] [PubMed]
3. Angus, C.; Pryce, R.; Holmes, J.; De Vocht, F.; Hickman, M.; Meier, P.; Brennan, A.; Gillespie, D. Assessing the contribution of

alcohol-specific causes to socio-economic inequalities in mortality in England and Wales 2001–16. Addiction 2020, 115, 2268–2279.
[CrossRef] [PubMed]

4. Probst, C.; Kilian, C.; Sanchez, S.; Lange, S.; Rehm, J. The role of alcohol use and drinking patterns in socioeconomic inequalities
in mortality: A systematic review. Lancet Public Health 2020, 5, e324–e332. [CrossRef]

5. Katikireddi, S.V.; Whitley, E.; Lewsey, J.; Gray, L.; Leyland, A.H. Socioeconomic status as an effect modifier of alcohol consumption
and harm: Analysis of linked cohort data. Lancet Public Health 2017, 2, e267–e276. [CrossRef]

6. Chikritzhs, T.; Unwin, L.; Codde, J.; Catalano, P.; Stockwell, T. Alcohol-Related Codes: Mapping ICD-9 to ICD-10. 2002. Available
online: https://espace.curtin.edu.au/bitstream/handle/20.500.11937/34117/19233_downloaded_stream_325.pdf?isAllowed=
y&sequence=2 (accessed on 21 May 2021).

7. Karriker-Jaffe, K.J.; Zemore, S.E.; Mulia, N.; Jones-Webb, R.; Bond, J.; Greenfield, T.K. Neighborhood disadvantage and adult
alcohol outcomes: Differential risk by race and gender. J. Stud. Alcohol Drugs 2012, 73, 865–873. [CrossRef]

8. Jones, L.; Bates, G.; McCoy, E.; Bellis, M.A. Relationship between alcohol-attributable disease and socioeconomic status, and
the role of alcohol consumption in this relationship: A systematic review and meta-analysis. BMC Public Health 2015, 15, 1–14.
[CrossRef]

9. Boyd, J.; Sexton, O.; Angus, C.; Meier, P.; Purshouse, R.C.; Holmes, J. Causal mechanisms proposed for the Alcohol Harm
Paradox—A Systematic Review. Addiction 2021. [CrossRef]

10. Krieger, N. Epidemiology and the Web of Causation has anyone seen the spider? Soc. Sci. Med. 1994, 39, 887–903. [CrossRef]
11. Vandenbroucke, J.P.; Broadbent, A.; Pearce, N. Causality and causal inference in epidemiology: The need for a pluralistic approach.

Int. J. Epidemiol. 2016, 45, 1776–1786. [CrossRef]
12. Bellis, M.A.; Hughes, K.; Nicholls, J.; Sheron, N.; Gilmore, I.; Jones, L. The alcohol harm paradox: Using a national survey to

explore how alcohol may disproportionately impact health in deprived individuals. BMC Public Health 2016, 16, 111. [CrossRef]
13. Lewer, D.; Meier, P.; Beard, E.; Boniface, S.; Kaner, E. Unravelling the alcohol harm paradox: A population-based study of social

gradients across very heavy drinking thresholds. BMC Public Health 2016, 16, 599. [CrossRef]
14. Gartner, A.; Trefan, L.; Moore, S.; Akbari, A.; Paranjothy, S.; Farewell, D. Drinking beer, wine or spirits—Does it matter for

inequalities in alcohol-related hospital admission? A record-linked longitudinal study in Wales. BMC Public Health 2019, 19, 1651.
[CrossRef]

15. Smith, K.; Foster, J. Alcohol, Health Inequalities and The Harm Paradox: Why Some Groups Face Greater Problems Despite Consuming

Less Alcohol; Institute of Alcohol Studies: London, UK, 2014.
16. Bloomfield, K. Understanding the alcohol-harm paradox: What next? Lancet Public Health 2020, 5, e300–e301. [CrossRef]
17. Black, D.; Morris, J.N.; Smith, C.; Townsend, P.; Davidson, N.; Whitehead, M. The Black Report: Inequalities in Health; DHSS:

London, UK, 1980.
18. Solar, O.; Irwin, A. A Conceptual Framework for Action on The Social Determinants of Health; WHO Document Production Services:

Geneva, Switzerland, 2010.
19. Braveman, P.A.; Egerter, S.A.; Woolf, S.H.; Marks, J.S. When do we know enough to recommend action on the social determinants

of health? Am. J. Prev. Med. 2011, 40, S58–S66. [CrossRef]
20. Williams, D.R.; Costa, M.V.; Odunlami, A.O.; Mohammed, S.A. Moving upstream: How interventions that address the social

determinants of health can improve health and reduce disparities. J. Public Health Manag. Pract. 2008, 14, S8. [CrossRef] [PubMed]



Int. J. Environ. Res. Public Health 2021, 18, 6025 10 of 12

21. Brunner, E.; Marmot, M. Social organization, stress and health. In Social Determinants of Health, 2nd ed.; Marmot, M., Wilkinson,
R.G., Eds.; Oxford University Press: Oxford, UK, 2006; pp. 6–30.

22. Link, B.G.; Phelan, J. Social conditions as fundamental causes of health inequalities. J. Health Soc. Behav. 1995, 80–94. [CrossRef]
23. Smith, K.E.; Bambra, C.; Hill, S.E. Health Inequalities: Critical Perspectives; Oxford University Press: Oxford, UK, 2016.
24. Bambra, C.; Smith, K.E.; Pearce, J. Scaling up: The politics of health and place. Soc. Sci. Med. 2019, 232, 36–42. [CrossRef]
25. Bambra, C.; Fox, D.; Scott-Samuel, A. Towards a politics of health. Health Promot. Int. 2005, 20, 187–193. [CrossRef]
26. Schrecker, T.; Bambra, C. How Politics Makes Us Sick: Neoliberal Epidemics; Palgrave Macmillan: London, UK, 2015; pp. 1–167.
27. Krieger, N. Theories for social epidemiology in the 21st century: An ecosocial perspective. Int. J. Epidemiol. 2001, 30, 668–677.

[CrossRef] [PubMed]
28. Braveman, P.; Gottlieb, L. The social determinants of health: It’s time to consider the causes of the causes. Public Health Rep. 2014,

129, 19–31. [CrossRef]
29. Marmot, M.; Allen, J.; Goldblatt, P. Fair Society Healthy Lives (The Marmot Review); UCL Institute of Health Equity: London, UK,

2010.
30. Dahlgren, G.; Whitehead, M. Policies and Strategies to Promote Social Equity in Health. Background Document to Who—Strategy Paper

for Europe; Institute for Futures Studies: Stockholm, Sweden, 1991; p. 69.
31. World Health Organization. Closing the Gap in a Generation: Health Equity Through Action on the Social Determinants of

Health. 2008. Available online: https://www.who.int/social_determinants/final_report/csdh_finalreport_2008.pdf (accessed on
10 February 2021).

32. Bartley, M. Health Inequality: An Introduction to Theories, Concepts and Methods Cambridge; John Wiley & Sons: Hoboken, NJ, USA,
2016.

33. Degerud, E.; Ariansen, I.; Ystrom, E.; Graff-Iversen, S.; Høiseth, G.; Mørland, J.; Smith, G.D.; Næss, Ø. Life course socioeconomic
position, alcohol drinking patterns in midlife, and cardiovascular mortality: Analysis of Norwegian population-based health
surveys. PLoS Med. 2018, 15, e1002476. [CrossRef] [PubMed]

34. Marmot, M.G. Commentary: Reflections on alcohol and coronary heart disease. Int. J. Epidemiol. 2001, 30, 729–734. [CrossRef]
35. Gartner, A.; Francis, I.; Hickey, D.; Hughes, R.; May, L.; Allen, J.; Cosh, H.; Duncan-Jones, A.; Powell, R.; Walsh, H.; et al. Alcohol

and Health in Wales 2014. Public Health Wales NHS Trust. 2014. Available online: http://www2.nphs.wales.nhs.uk:
8080/PubHObservatoryProjDocs.nsf/85c50756737f79ac80256f2700534ea3/d7ead329fc08591480257d7200326f03/$FILE/
AlcoholAndHealthInWales2014_v2a.pdf (accessed on 21 May 2021).

36. Stevely, A.K.; Holmes, J.; McNamara, S.; Meier, P.S. Drinking contexts and their association with acute alcohol-related harm: A
systematic review of event-level studies on adults’ drinking occasions. Drug Alcohol Rev. 2020, 39, 309–320. [CrossRef]

37. Roche, A.; Kostadinov, V.; Fischer, J.; Nicholas, R.; O’Rourke, K.; Pidd, K.; Trifonoff, A. Addressing inequities in alcohol
consumption and related harms. Health Promot. Int. 2015, 30 (Suppl. 2), ii20–ii35. [CrossRef]

38. Huckle, T.; You, R.Q.; Casswell, S. Socio-economic status predicts drinking patterns but not alcohol-related consequences
independently. Addiction 2010, 105, 1192–1202. [CrossRef]

39. Jones, L.; McCoy, E.; Bates, G.; Bellis, M.A.; Sumnall, H.R. Understanding The Alcohol Harm Paradox; Alcohol Research: London,
UK, 2015.

40. World Health Organization. Global Status Report on Alcohol and Health: Executive Summary. 2018. Available online:
http://apps.who.int/bookorders (accessed on 21 May 2021).

41. Goldblatt, P. Mortality and Social Organisation: Longitudinal Study 1971–1981; OPCS Series LS No 6; HMSO: London, UK, 1990.
42. Smith, G.D.; Shipley, M.J.; Rose, G. Magnitude and causes of socioeconomic differentials in mortality: Further evidence from the

Whitehall Study. J. Epidemiol. Community Health 1990, 44, 265–270. [CrossRef] [PubMed]
43. Smith, G.D.; Neaton, J.D.; Wentworth, D.; Stamler, R.; Stamler, J. Socioeconomic differentials in mortality risk among men

screened for the Multiple Risk Factor Intervention Trial: I. White men. Am. J. Public Health 1996, 86, 486–496. [CrossRef] [PubMed]
44. Diez-Roux, A.V.; Mair, C. Neighborhoods and health. Ann. N. Y. Acad. Sci. 2010, 1186, 125–145. [CrossRef]
45. Sargent, M. Drinking and the perpetuation of social inequality in Australia. Med. Law 1989, 8, 507–516.
46. Singh, G.K.; Hoyert, D.L. Social Epidemiology of Chronic Liver Disease and Cirrhosis Mortality in the United States, 1935–1997:

Trends and Differentials by Ethnicity, Socioeconomic Status, and Alcohol Consumption. Hum. Biol. 2000, 72, 801–820.
47. Makela, P. Addressing Inequalities in Alcohol Problems: The Marathon has only just begun. Addiction 2008, 103, 1294–1295.
48. Chick, J. Alcohol, health, and the heart: Implications for clinicians. Alcohol Alcohol. 1998, 33, 576–591. [CrossRef]
49. World Health Organization. Global Status Report on Alcohol and Health. 2014, pp. 1–392. Available online: http://www.who.

int/substance_abuse/publications/global_alcohol_report/msbgsruprofiles.pdf (accessed on 21 May 2021).
50. Uphoff, E.P.; Pickett, K.E.; Cabieses, B.; Small, N.; Wright, J. A systematic review of the relationships between social capital and

socioeconomic inequalities in health: A contribution to understanding the psychosocial pathway of health inequalities. Int. J.

Equity Health 2013, 12, 54. [CrossRef] [PubMed]
51. Whitley, E.; Batty, G.D.; Hunt, K.; Popham, F.; Benzeval, M. The role of health behaviours across the life course in the socioeconomic

patterning of all-cause mortality: The west of Scotland twenty-07 prospective cohort study. Ann. Behav. Med. 2014, 47, 148–157.
[CrossRef] [PubMed]



Int. J. Environ. Res. Public Health 2021, 18, 6025 11 of 12

52. Mäkelä, P.; Paljärvi, T. Do consequences of a given pattern of drinking vary by socioeconomic status? A mortality and
hospitalisation follow-up for alcohol-related causes of the Finnish Drinking Habits Surveys. J. Epidemiol. Community Health 2008,
62, 728–733. [CrossRef] [PubMed]

53. Salom, C.L.; Williams, G.M.; Najman, J.M.; Alati, R. Does early socio-economic disadvantage predict comorbid alcohol and
mental health disorders? Drug Alcohol Depend 2014, 142, 146–153. [CrossRef]

54. Lundin, A.; Backhans, M.; Hemmingsson, T. Unemployment and Hospitalization Owing to an Alcohol-Related Diagnosis Among
Middle-Aged Men in Sweden. Alcohol Clin. Exp. Res. 2012, 36, 663–669. [CrossRef]

55. Missinne, S.; Neels, K.; Bracke, P. Reconsidering inequalities in preventive health care: An application of cultural health capital
theory and the life-course perspective to the take-up of mammography screening. Sociol. Health Illn. 2014, 36, 1259–1275.
[CrossRef]

56. Øversveen, E.; Eikemo, T.A. Reducing social inequalities in health: Moving from the “causes of the causes” to the “causes of
the structures” EditoRiAl Special issue: Social inequalities in Health and their determinants. Scand J. Public Health 2018, 46, 1–5.
[CrossRef]

57. Link, B.G. Epidemiological Sociology and the Social Shaping of Population Health*. J. Health Soc. Behav. 2008, 49, 367–384.
[CrossRef]

58. Øversveen, E.; Rydland, H.T.; Bambra, C.; Eikemo, T.A. Rethinking the relationship between socio-economic status and health:
Making the case for sociological theory in health inequality research. Scand. J. Public Health 2017, 45, 103–112. [CrossRef]

59. Rubin, M.S.; Clouston, S.; Link, B.G. A fundamental cause approach to the study of disparities in lung cancer and pancreatic
cancer mortality in the United States. Soc. Sci. Med. 2014, 100, 54–61. [CrossRef]

60. Barnish, M.; Tørnes, M.; Nelson-Horne, B. How much evidence is there that political factors are related to population health
outcomes? An internationally comparative systematic review. BMJ Open 2018, 8, e020886. [CrossRef] [PubMed]

61. Bambra, C. Work, Worklessness & the Political Economy of Health; Oxford University Press: Oxford, UK, 2011.
62. Beckfield, J.; Bambra, C. Shorter lives in stingier states: Social policy shortcomings help explain the US mortality disadvantage.

Soc. Sci. Med. 2016, 171, 30–38. [CrossRef]
63. VicHealth. Reducing Alcohol-Related Health Inequities: An Evidence Summary. Fair Found. Health Inequity Ser. 2015. Available

online: https://www.vichealth.vic.gov.au/-/media/ResourceCentre/PublicationsandResources/Health-Inequalities/Fair-
Foundations/Summary/Health-Equity_Summary-Report_Acohol.pdf?la=en&hash=9A176F33C7D55ABFC1A1F50B7BB65453
0EBC1786 (accessed on 21 May 2021).

64. Livingston, M. Socioeconomic differences in alcohol-related risk-taking behaviours. Drug Alcohol Rev. 2014, 33, 588–595.
[CrossRef]

65. Herttua, K.; Mäkelä, P.; Martikainen, P. Differential trends in alcohol-related mortality: A register-based follow-up study in
Finland in 1987–2003. Alcohol Alcohol. 2007, 42, 456–464. [CrossRef] [PubMed]

66. Maani, N.; Collin, J.; Friel, S.; Gilmore, A.; McCambridge, J.; Robertson, L.; Petticrew, M.P. Bringing the commercial determinants
of health out of the shadows: A review of how the commercial determinants are represented in conceptual frameworks. Eur. J.

Public Health 2020, 30, 660–664. [CrossRef]
67. Karriker-Jaffe, K.J.; Roberts, S.C.M.; Bond, J. Income inequality, alcohol use, and alcohol-related problems. Am. J. Public Health

2013, 103, 649–656. [CrossRef] [PubMed]
68. McLeod, C.B.; Hall, P.A.; Siddiqi, A.; Hertzman, C. How Society Shapes the Health Gradient: Work-Related Health Inequalities in

a Comparative Perspective. Annu. Rev. Public Health 2012, 33, 59–73. [CrossRef] [PubMed]
69. Krieger, N. Theories for Social Epidemiology in The Twenty-First Century: An Ecosocial Perspective. Health and Social Justice: Politics,

Ideology, and Inequity in The Distribution of Disease; Jossey-Bass: San Francisco, CA, USA, 2003.
70. Vineis, P.; Delpierre, C.; Castagné, R.; Fiorito, G.; McCrory, C.; Kivimaki, M.; Stringhini, S.; Carmeli, C.; Kelly-Irving, M. Health

inequalities: Embodied evidence across biological layers. Soc. Sci. Med. 2020, 246, 112781. [CrossRef]
71. Sudlow, C.; Gallacher, J.; Allen, N.; Beral, V.; Burton, P.; Danesh, J.; Downey, P.; Elliott, P.; Green, J.; Landray, M. UK Biobank: An

Open Access Resource for Identifying the Causes of a Wide Range of Complex Diseases of Middle and Old Age. PLoS Med. 2015,
12, e1001779. [CrossRef]

72. El-Sayed, A.M.; Scarborough, P.; Seemann, L.; Galea, S. Social network analysis and agent-based modeling in social epidemiology.
Epidemiol. Perspect. Innov. 2012, 9, 1–9. [CrossRef]

73. Hedström, P. Dissecting the Social: On the Principles of Analytical Sociology and Social Mechanisms: An Analytical Approach to Social

Theory. Chapter 2: Social Mechanisms and Explanatory Theory; Cambridge University Press: Cambridge, UK, 2005; pp. 24–26.
74. Meier, P.; Purshouse, R.; Bain, M.; Bambra, C.; Bentall, R.; Birkin, M.; Brazier, J.; Brennan, A.; Bryan, M.; Cox, J.; et al. The SIPHER

Consortium: Introducing the New UK Hub for Systems Science in Public Health and Health Economic Research [Version 1; Peer
Review: 2 Approved]. In Wellcome Open Research; F1000 Research Ltd.: London, UK, 2019; Volume 4.

75. Speybroeck, N.; Van Malderen, C.; Harper, S.; Müller, B.; Devleesschauwer, B. Simulation models for socioeconomic inequalities
in health: A systematic review. Int. J. Environ. Res. Public Health 2013, 10, 5750–5780. [CrossRef] [PubMed]

76. Bianchi, F.; Squazzoni, F. Agent-based models in sociology. WIREs Comput Stat. 2015, 7, 284–306. [CrossRef]
77. Epstein, J.M. Agent-based computational models and generative social science. Complexity 1999, 4, 41–60. [CrossRef]
78. Sun, Z.; Lorscheid, I.; Millington, J.D.; Lauf, S.; Magliocca, N.R.; Groeneveld, J.; Balbi, S.; Nolzen, H.; Müller, B.; Schulze, J.; et al.

Simple or complicated agent-based models? A complicated issue. Environ. Model. Softw. 2016, 86, 56–67. [CrossRef]



Int. J. Environ. Res. Public Health 2021, 18, 6025 12 of 12

79. Porgo, T.V.; Norris, S.L.; Salanti, G.; Johnson, L.F.; Simpson, J.A.; Low, N.; Egger, M.; Althaus, C.L. The use of mathematical
modeling studies for evidence synthesis and guideline development: A glossary. Res. Synth. Methods 2019, 10, 125–133. [CrossRef]

80. Auchincloss, A.H.; Riolo, R.L.; Brown, D.G.; Cook, J.; Roux, A.V. An agent-based model of income inequalities in diet in the
context of residential segregation. Am. J. Prev. Med. 2011, 40, 303–311. [CrossRef]

81. Vu, T.M.; Davies, E.; Buckley, C.; Brennan, A.; Purshouse, R.C. Using multi-objective grammar-based genetic programming to
integrate multiple social theories in agent-based modeling. In Evolutionary Multi-Criterion Optimization: EMO 2021 Proceedings,

Proceedings of the EMO 2021: 11th International Conference on Evolutionary Multi-Criterion Optimization, 28–31 Mar 2021, Shenzhen,

China; Lecture Notes in Computer Science; Springer: Berlin/Heidelberg, Germany, 2021.
82. Vu, T.M.; Probst, C.; Nielsen, A.; Bai, H.; Buckley, C.; Meier, P.S.; Strong, M.; Brennan, A.; Purshouse, R.C. A software architecture

for mechanism-based social systems modelling in agent-based simulation models. Journal of artificial societies and social
simulation. J. Artif. Soc. Soc. Simul. 2020, 23. [CrossRef]

83. Lorenc, T.; Petticrew, M.; Welch, V.; Tugwell, P. What types of interventions generate inequalities? Evidence from systematic
reviews. J. Epidemiol. Community Health 2012, 67, 190–193. [CrossRef] [PubMed]

84. Holmes, J.; Meng, Y.; Meier, P.S.; Brennan, A.; Angus, C.; Campbell-Burton, A.; Guo, Y.; Hill-McManus, D.; Purshouse, R.C.
Effects of minimum unit pricing for alcohol on different income and socioeconomic groups: A modelling study. Lancet 2014, 383,
1655–1664. [CrossRef]

85. Galea, S.; Riddle, M.; Kaplan, G.A. Causal thinking and complex system approaches in epidemiology. Int. J. Epidemiol. 2010, 39,
97–106. [CrossRef] [PubMed]

86. Pampel, F.C.; Rogers, R.G. Socioeconomic status, smoking, and health: A test of competing theories of cumulative advantage.
J. Health Soc. Behav. 2004, 45, 306–321. [CrossRef] [PubMed]


	Introduction 
	Drawing on Theories of Health Inequality to Understand the AHP 
	The Social Determinants of Health: Current Evidence and Future Directions 
	Fundamental Cause Theory: Current Evidence and Future Directions 
	The Political Economy of Health: Current Evidence and Future Directions 
	The Eco-Social Model: Current Evidence and Future Directions 

	Computer Simulations Can Test the Explanatory Value of Mechanisms Specified in Health Inequality Theory 
	Discussion 
	Conclusions 
	References

