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Abstract 

Alcohol use disorder (AUD) in Scotland is a public health concern. In 2021, it was estimated 

that 23% of the Scottish population drank at hazardous or harmful levels, and 17% of 

children lived with at least one parent with AUD. In 2015, AUD contributed to 6.5% of all 

deaths. Alarmingly, Scotland also has high figures on alcohol-related harms compared to 

neighbouring UK nations like England and Wales. For instance, in 2018, Scottish alcohol-

specific death rates were nearly twice as high for men and 87% higher for women compared 

to England & Wales; consumption was also higher in Scotland, with 9% more alcohol sold 

per adult in 2019 than in England. Moreover, alcohol-related harms affect some population 

groups more severely than others, with important implications for health inequalities. In the 

last two decades, the Scottish Government has introduced a series of public health strategies 

to tackle alcohol-related harms and the associated inequalities. The last being minimum unit 

pricing (MUP) for alcohol, a novel pricing policy whose promising results made the country 

a pioneer in introducing and evaluating population-level interventions to help reduce 

alcohol-related harms. 

Recent studies found societal inequalities among the potential causes of the incidence of 

substance-related harm (including alcohol) in a population. A possible explanation is that the 

disadvantaged socio-economic position, jointly with the constant comparison with those in 

more privileged positions and a general lack of opportunity may push individuals into mental 

health struggles and/or in a need to escape from reality and, consequently, more vulnerable 

to substance use disorders when exposed. 

The legal nature of alcohol and its social acceptability made the number of individuals in 

Scotland misusing alcohol considerably higher compared to illegal drugs, with consequent 

greater associated mortality in the population. Summarising, both the lawful nature of 

alcohol consumption and the high incidence of AUD results in a need for policy specific 

approaches to tackle the phenomenon. 

To design policies aimed at tackling alcohol-related harm and the inequality associated with 

its burden, a deep understanding of the epidemiology of alcohol-related harm is needed. In 

particular, acknowledging that the disadvantage and health inequality caused by excessive 

alcohol consumption is only a reflection of a deeper cause of inequality is crucial. The 

process which epidemiology informs the design of a policy could be simplified in three 

sequential and recurrent steps. Firstly, the epidemiology identifies trigger points as well as 
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potential clinical and societal consequences in a theory of change which can inform policy 

makers on relationships to focus on to build an effective policy. Secondly, after the 

implementation of the policy, epidemiology (through both qualitative and quantitative 

investigations) can suggest the policy evaluation process highlighting the most appropriate 

outcomes and subpopulations to inquire. Lastly, based on the outcome of the evaluation, 

epidemiology can update the theory of change as well as recommend amendments to the 

policy to improve its efficacy. The succession of the first epidemiology assessment, policy 

implementation and policy evaluation is supposed to be a cyclical and iterative process, 

tending to the most efficient policy design.   

The main body of this thesis are eight published articles on alcohol epidemiology. As articles 

were originally designed for different purposes, they are accompanied by an essay aimed to 

show the cohesion among them. In particular, the essay uses evidence from the published 

papers to describe the iterative process between epidemiology, policy implementation and 

evaluation using MUP, the most extensively analysed alcohol policy in Scotland, as a case 

study (three studies presented here regard MUP). The thesis also comments and discusses 

how MUP has been evaluated and the potential bias and sub-optimal communication 

between researchers and policy makers. The discussion on MUP evaluation refers mainly to 

the Public Health Scotland (PHS) report published in 2023, which was the main source for 

collecting the available evidence to inform the Scottish Government on whether to continue, 

suspend or reshape the policy.     

Overall, the evidence shows that MUP is an effective policy in reducing alcohol consumption, 

but it affected the population differently and with divergences compared to what was 

originally theorised. While population groups with a higher incidence of alcohol-related 

harm are generally more affected by the policy (with a consequent reduction of health 

inequality), within such groups, evidence suggests that individuals with alcohol dependence 

were less affected. Moreover, there is evidence that most of the acute outcomes reflecting 

alcohol harm in societies theorised to be impacted (such as road traffic accidents and crime) 

were not affected. This underlines how specific societal outcomes or vulnerable subgroups 

need more targeted strategies and that one policy can benefit some but not everyone. 

Expected and unexpected results should be similarly communicated to put such 

complementary strategies into action. A potentially unbalanced communication of positive 

(expected) results to policy makers and the public opinions risk to create a sense of 

accomplishment and slow down a more comprehensive and structural policy action.  
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The publications of this thesis can be divided in two sections, each of them containing four 

studies. The first section named Clinical epidemiology of AUD, highlights some patterns in 

AUD patients (e.g., specificities of relapses and treatment). The second one, named 

Evaluation of public health policies on AUD is an assessment of certain policies (MUP and 

Covid lockdown) on specific outcomes. The explicatory essay, after a general introduction 

collocating studies under the same general context, uses evidence from the first section, 

together with other literature, to leverage the mechanisms of risk factors as a suggestion to 

complement MUP-like blanket policies that do not impact equally all those in need. 
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  […] 

Suppose I thought that by this moment I would have it figured out 

But instead I tend to spend my days consumed by seeds of doubt 

I know, I can, I won’t 
  
Oh darling it goes on and on and on 

Always forever ‘til I’m barely holding on 

End of my tether and I know it won’t be long, it won't be long ‘til it's gone 
  
So here’s to my beautiful life 

That seems to leave me so unsatisfied 

No sense of self but self-obsessed 

I’m always trapped inside my fucking head 

On and on and on, on and on and on 

On and on and on, on and on and on said 

Thought I’d be happier somehow 

If you were wondering how I’m feeling now 
  
I try to tell myself my best days are the ones that lie ahead 

But I’m always looking back on things I wish I'd never said 

I know, I can, I won’t 

…  

… 

I won’t lie 

I’m a mess yeah 

But I’ll get there 

Now I won’t lie 

I’m a mess yeah 

But I’ll get there 

 

  Lewis Capaldi, How I’m feeling now 
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“The majority of scientific progress is measured by improvements in the questions                      

we ask rather than the finality of our answers”. 

                          Judith Grisel on addiction research in her didactic book on Addiction 
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Introduction 

Drinking alcohol is widely legally and socially acceptable, however, more than 1% of the 

global population has an alcohol use disorder (AUD)[1], defined as conditions identified by 

compulsive alcohol seeking and use, despite harmful consequences. 

In 2018, the World Health Organization (WHO) reported that 5.3% of overall deaths and 7.3% 

of premature deaths worldwide were attributable to the harmful use of alcohol.[2] The 

mortality resulting from alcohol consumption is higher than that caused by several 

communicable and non-communicable diseases (e.g. tuberculosis, HIV/AIDS and 

diabetes)[2] commonly considered more severe health and social threats.  

In 2016, in the UK, the average alcohol consumption per capita (i.e., quantity of alcohol per 

person per year in the 15+ years population) was 11.4 litres, exceeding the world average by 

5 litres[2]. However, consumption is heterogeneous across the country. In Scotland, 

consumption levels have been consistently higher than in England, with most of the 

difference being accounted for by alcohol sold off-trade (with an average cheaper price)[3]. 

Consumption also led to higher figures related to alcohol-related harm and deaths: in 2018, 

Scottish alcohol-specific death rates were nearly twice as high for men and 87% higher for 

women compared to England & Wales[3]. After the covid-pandemic, consumption patterns 

changed, and while overall consumption decreased, there was evidence of an increase within 

specific high-risk groups, generating a rise in alcohol-related harm and deaths[4].  

Introduction to alcohol-related harm and the Scottish context  

While analysing alcohol-specific deaths can provide valuable insights into the extent of 

mortality directly linked to alcohol consumption in a population, it is essential to recognize 

that they represent only a subset of all alcohol-related deaths. Indeed, alcohol-related deaths 

include also all deaths where alcohol is a contributing factor, but not necessarily the sole 

cause. Furthermore, the harm associated with alcohol consumption extends beyond mortality 

and the health sphere, as it can also significantly impact the social realm. Similar to its role 

in mortality, alcohol's causal role in both social and health issues is predominantly 

contributory rather than the only cause for most problems[5]. 



12 
 

Babor et al. [5] built a logic model linking alcohol consumption, mediating variables 

(toxicity, intoxication and dependence) and harm (long and short-term) to the consumer as 

well as to others (Figure 1).  

 

Figure 1. Relationship between alcohol consumption patterns, mediating variables and consequent harm [5].  
Source: https://onlinelibrary.wiley.com/doi/epdf/10.1111/add.16003  

Alcohol consumption patterns are usually characterised by heavy drinking occasions and 

average volume consumption. A wide range of factors can shape patterns and levels of 

alcohol consumption and then the consequent harm. For instance, patterns can be shaped by 

drinking setting (private or public) and social macro- (e.g., the  overall socio-economic 

status[6, 7], social, but also social norms[8] etc.) and micro- contexts (e.g., peer pressure[9], 

family history[10], etc.), but also by the personal sphere (genetics[11], gender[12], marital 

status[13]). While specific drinking patterns can lead to AUD, not all alcohol-related 

problems are caused by AUD.   

Most of the harm (direct and indirect) comes from episodic intoxication or binge drinking 

consumers and only a small number is related to high-risk AUD[5] (prevention paradox[14]). 

Therefore, a comprehensive epidemiological analysis of alcohol-related harm goes beyond 

the AUD population only and should identify the various consumption patterns leading to 

various harm. Identifying the main risk factors influencing patterns and more vulnerable 

populations should help to design effective prevention strategies. A comprehensive policy 

strategy should include a combination of primary, secondary and tertiary prevention. An 

effective bundle of approaches should be evidence-based, with the weight of each approach 

reflecting specific consumption patterns and the population groups contributing to the 

alcohol-related harm in society.  
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Reversing the order of the logic model in Figure 1, the uneven distribution of the harm in 

society is linked to different consumption patterns which in turn can be attributed to the 

varying degrees of risk factors present across subpopulations. The reason behind the alcohol-

harm paradox (the fact that more socio-economic deprived groups consume less alcohol but 

experience more alcohol-related harms) may indeed lie in consumption patterns specific to 

certain subpopulations[15]. These patterns can be induced by local contexts (e.g., higher 

availability of cheap alcohol in more deprived areas[16]) as well as a lower capability of 

more vulnerable populations to cope with the harm[7], which may be due to limited access 

to resources and potential greater mental health fragility. 

The distribution of the consumption and harm in Scotland reflects the trends just described. 

Non-drinkers are more frequent in more socio-economic deprived areas compared to the 

least deprived areas, which also have a greater prevalence of hazardous or harmful drinkers 

(28% vs 19%)[17]. However, among those drinking at harmful levels people in more 

deprived areas drink, on average, more units per week, indicating potentially more risky 

consumption patterns[17]. The greater direct harm of these populations is reflected also in 

deaths and hospital stays, which are 4.3 and 7 times higher in more deprived areas compared 

to least deprived[18, 19]. Latest figures for Scotland (2022) show 1,276 alcohol-specific 

deaths, a constant growth since 2019[5]. Overall, in 2024, alcohol harm in Scotland was 

estimated to cost between £5 and 10 billion per year, including health but also social costs 

such as labour, productivity loss and crime[20].  

The extent of the problem, jointly with higher value of harms compared to other 

neighbouring countries raised public health concerns within the Scottish Government related 

to alcohol. In the last two decades the Scotland has introduced a series of policies (mostly 

built on primary prevention approaches) to tackle alcohol consumption and the related harm. 

The most recent is the minimum unit pricing (MUP) for alcohol, making the country a 

pioneer in implementing new policies worldwide. 

Thesis aim and structure 

The format of this thesis is retrospective by published work. The current essay is meant to 

accompanying the eight study publications constituting the main part of this thesis and 

having a common research theme summarised in the title The epidemiology of alcohol use 
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disorder and public health policies to tackle alcohol-related harm: a case study of Scotland 

and the minimum unit pricing for alcohol. 

All papers focus on Scotland and can be classified into two main categories: (i.) Clinical 

epidemiology of AUD and (ii.) Evaluation of public health policies on alcohol-related harm. 

Each category consists of four papers. While the first group emphasizes tertiary care and 

prevention, the second analyses policies aimed at reducing alcohol exposure and 

consumption in the general population (primary prevention). The essay aims to bridge these 

two categories by highlighting how blanket policies may have varying effects across 

different populations, with both potential positive and adverse impacts on the distribution of 

the alcohol-related burden within society. The discussion section emphasizes the importance 

of a deep understanding of AUD epidemiology and alcohol-related harm as the foundation 

not only for planning but also for evaluating AUD policies, ultimately improving public 

health strategies through such evaluation exercises. 

All the papers in this thesis used nationwide routine Scottish datasets, allowing my research 

questions to focus on the entire Scottish population. Therefore, the results and conclusions 

are fully representative of the Scottish population, and the generalization of findings is 

discussed in each manuscript. 

In the papers and in the rest of the manuscript I reason on how policies can diversely affect 

different consumer groups. For simplicity, I define here the alcohol consumer groups I refer 

to (and sometime implicitly refer to) hereafter. Namely, low risk consumers (those drinking 

below guidelines 14 units per week for women and 21 units for men); hazardous drinkers 

(sometimes labelled as heavy drinkers): those consuming 14-35 and 21-50 units for female 

and male, respectively. Harmful drinkers are those drinking over these thresholds. This 

classification was based on the 1995 Chief Medical Officers guidelines[21]. Despite the 

update of such guidelines and the use of wider classes[22], such classification is still used in 

recent studies to define consumer types [23, 24].   

The next section of this essay is divided into two parts according to the aforementioned 

papers categorisation and aims to provide a general context common to all the studies. This 

general context is then followed by the discussion session. The full papers are attached at 

the end of this opening essay. Their titles are reported at the end of this subchapter. To ease 

the reading and distinguish the papers part of this thesis from the rest of the literature they 

are referenced as Paper 1-8, see notation below.  
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Manca, Francesco, et al. The effect of a minimum price per unit of alcohol in Scotland on alcohol‐
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Context of the studies 

1. Clinical epidemiology of AUD 

While there are still criticisms in labelling substance use disorders as mental health 

conditions[25], they are recognised as clinical diseases since they affect a person's brain and 

behaviour, leading to their inability to control their use of substances[26]. Under a 

biopsychological perspective, addictive psychotropic substances generate multiple 

homeostatic reactions with ‘learning’ consequences, ultimately leading to long-term 

adaptation of the brain to the substance and lasting changes to the actual brain 

mechanisms[27]. The reason of repetitive exposure can vary, but usually what triggers 

addiction in the brain is the release of dopamine in the mesolimbic or nigrostriatal pathway. 

So, a sense of pleasure (or the anticipation/memory of such pleasure) inducing to the 

repetitive intake behaviour. It is useful defining dependence and addiction in these initial 

sections under a psychological perspective to appreciate the ease of relapses after recovering, 

meaningful also for treatment and policy purposes. Addiction is the lack of control of using 

a substance despite the negative consequences. The repetitive use generates tolerance in the 

system, so more substance is needed to produce the initial ‘pleasurable’ process (reinforcing 

the addiction process). Individuals are dependent when they experience withdrawal 

symptoms in absence of the substance; such symptoms are due to the counter reaction of the 

brain to remain in its homeostatic state[27]. Any environmental cues reminiscent of the 

original exposure can anticipate the brain’s countereffects with withdrawal symptoms, 

inducing individuals to crave the substance. 

As for any other mental health condition, AUD needs to be studied through (but not limited 

to), the epidemiology, the risk factors and treatment management of the disease. The four 

publications of this thesis included in this category specifically touched on all these points. 

A brief background connecting all these publications is presented next. 

Risk factor: Dual Diagnosis. As for most mental health conditions, it is usually a range of 

several risk factors interacting and influencing each other to cause a substance use disorder 

after exposure. Papers 1 and 3 discuss aspects of social support (SS) and psychiatric 

comorbidities on AUD recovery; two relevant and interconnected risk factors. AUD often 

coexists with other psychiatric conditions (dual diagnosis). While there are no detailed 

figures on Scotland, in England, 63% of individuals starting treatment for substance use had 
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a mental health treatment need, and when restricted to non-opiate and alcohol, the percentage 

raised to 71%[28]. However, the nature of this widespread comorbidity is still a matter of 

debate. For instance, the causal relationship between AUD and other psychiatric disorders is 

heterogeneous. Specifically, there are studies indicating that psychiatric disorders may 

exacerbate the role of other risk factors for AUDs[29, 30]. In contrast, other research found 

that AUDs could induce psychiatric syndromes, mainly due to the effects that functioning 

AUD may have on the psyche[29, 31]. Moreover, self-medication, which is the use of 

alcohol (or other substances) to handle the symptoms caused by other conditions, may create, 

or strengthen the bond between the use disorder and psychiatric morbidity. Treating 

individuals with dual diagnosis is more complex as it needs an integrated approach 

considering both conditions, including drugs’ interaction and effect. Certainly, when the 

temporal nature of the relationship is clear (e.g., AUD earlier than a second psychiatric 

morbidity, or vice versa), it is also easier to define the causal nature of the relationship (e.g., 

AUD → second psychiatric morbidity, or vice versa). However, it is not always as easy as 

this. Hypotheses explaining these relationships include mutual direct and reverse causal  

pathways, common genetic or environmental causes, and shared psychopathological 

characteristics of broader diagnostic spectrums[32]. The environment is a key component 

and most people exposed to vulnerable environments such as those experiencing or at risk 

of experiencing homelessness, also have a disproportionately higher risk of dual 

diagnosis[28].  

Risk factors: Social support. Social Support (SS) also falls within the environmental causes 

and, therefore, has a role in both AUD and other psychiatric conditions. Particularly, high 

levels of SS appear to buffer or protect against the full impact of mental and physical 

illness[33], with an overall positive impact on life expectancy comparable to physical 

activity or the negative influence of smoking, and obesity[34]. One of the virtuous 

mechanisms of action of SS is ‘motivation’[35], which, regarding AUD, was found to be 

influential on the management of alcohol consumption[36] and increasing the will to change 

alcohol use[37] during recovery. Beyond motivation, relational support can also mitigate 

through protective resources the effect of multiple disadvantages. Conversely, low levels of 

SS were associated with poor physical and mental health[33]. 

Alcohol and inequality. As there is evidence of associations between poor SS and socio-

economically disadvantaged circumstances[38], SS can be identified as a component of the 

health inequality concerning AUD, which is heavily distributed towards the most socio-

economically deprived groups. In Scotland, as in many Western countries, the alcohol-harm 
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paradox is often compounded by the fact that more deprived areas frequently have reduced 

access to support services, including alcohol treatment provision. To be equitable, since the 

incidence of AUD harm is more prevalent in these areas, they should have even more access 

to treatment than elsewhere. Furthermore, the financial inability to provide private assistance 

or the lack of support networks to push patients to seek AUD treatments anchors these 

individuals to their health condition, perpetuating this inequality in society. In Scotland in 

2020, the gap in life expectancy between the most and least deprived areas was 13 years for 

males and 10 years for females[39]. Regarding substance use disorders, in 2022, drug misuse 

death rates were almost 16 times higher in the most deprived quintile compared to the least 

deprived[40], and alcohol-specific death rates are 4.3 times as high in the most deprived 

areas[18]. Paper 2 describes the socio-demographic characteristics of patients hospitalised 

due to AUD and highlights treatment inequality across socio-economic groups. 

 

Barriers to treatment. One of the major barriers to accessing treatment is the gap between 

identification and treatment, as many who have an ‘alcohol problem’ do not always seek or 

receive treatment for it. Recent initiatives, targeting those more socially secluded but in need, 

such as the ‘Alcohol Change UK blue light’ model (if people who need support but don’t 

come into services, services need to go out and find them through assertive outreach and 

then bridging the gap between identification and treatment) are potential effective and money 

saving approaches. People in more deprived areas are usually more vulnerable and more 

affected by other psychopathological syndromes compared to those residing in other areas. 

Therefore, targeted policies must be comprehensive and work on multiple aspects of health 

deprivation status, such as social exclusion, stigma and lack of integrated services for dual 

diagnoses whenever present. 

 

To summarise, AUD risk factors can be condensed in two macro components: individual 

(including genetics, comorbidities, and personality) and the environment (including culture, 

SS and exposure). Given the biopsychology background, genes that have an influence on 

specific neuroreceptors or neurotransmitters may create higher sensitivity to a substance (e.g., 

alcohol). Since alcohol, as all other psychotropic drugs, influences brain mechanisms, its 

presence and interaction in patients with other psychiatric conditions can establish new 

complementary dynamics and even more complex treatment solutions (for both conditions). 

While certain characteristics such as comorbidities or genetic predispositions may indicate 

higher vulnerability to alcohol, exposure is necessary. Earlier exposure is associated with 

higher risks of AUD as younger individuals are often more risk taking (personality) and in 
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individuals who still need to develop and mature their brain (which usually happen at mid-

20s[41]), neural changes may determine use disorders in later years[27]. Exposure is usually 

triggered by the context. All these intersected links should highlight how risk factors are all 

interconnected, there is not a main cause inducing to AUD and how policies aimed to reduce 

alcohol-related harm in the AUD and in the general population need to take a comprehensive 

approach.        

2. Evaluation of public health policies on AUD 

The harmful use of alcohol has been perceived as a global threat, needing to be addressed 

with recognised effective policies at individual and community levels. In 2010, the WHO 

released the Global strategy to reduce the harmful use of alcohol. This document provided 

guidelines for action at country levels and recommending ten policy options, which 

subsequently became one of the pillars to achieve the 3rd United Nations Sustainable 

Development Goal1.  

In the last two decades, and preceding such global objectives, the Scottish Government 

started to gradually legislate and subsequently implement comprehensive nationwide 

intervention packages aimed at tackling the harmful use of alcohol. Chronologically, the 

main national policies were: the ban of discounts and restrictions in promotions of alcoholic 

drinks (2005 Act[42], implemented in 2009), the age verification for the sale of alcohol 

(2005 Act[42], implemented in 2011), the decrease in drink driving limits (Act 2012[43], 

implemented in 2014) and the introduction of the minimum unit price for alcohol (Act 

2012[44], implemented in 2018). Scotland was the first nation to introduce a MUP 

associating the quantity of alcohol (a UK unit -10ml or 8g of pure alcohol-) in an alcoholic 

beverage with a floor price. This placed the country among the world-leader nations on 

alcohol policy, with many other nations interested in the evidence around the Scottish MUP’s 

effectiveness.  

Pricing policies have been recognised among the most efficient to reduce alcohol 

consumption[45]. MUP is included in the pricing strategies included and recommended by 

 
1 The new United Nations (UN) Sustainable Development Goals are 17 goals with 169 targets that all UN 

Member States have agreed to try to achieve by 2030. The third goal is ‘Ensure healthy lives and promote 

wellbeing for all at all ages’. The fifth target of such goal is to ‘Strengthen the prevention and treatment of 

substance abuse, including narcotic drug abuse and harmful use of alcohol’. Two of the indicators identified 

by the UN division to target such goal regard treatment coverage (3.5.1) and alcohol consumption (3.5.2). 
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WHO in the bundle of the most effective and cost-effective measures to tackle alcohol-

related harm[46]. Before Scotland, only Canada implemented minimum pricing policies (not 

unit though) at subnational levels. Particularly, British Columbia and Saskatchewan have a 

minimum price applied only to specific alcoholic beverages and adjusted constantly over the 

years. In British Columbia, a 10% increase in minimum price was found to be associated 

with a 3.4% reduction in alcohol consumption[47]; regarding alcohol-related harm, the 

associations were 8.95% and 9.22% decreases in acute and chronic alcohol-attributable 

hospital admissions[48], a 9.39% decrease in crime[49] and a 31.7% reduction in wholly 

alcohol-attributable deaths[50]. Similarly, for Saskatchewan, where starting floor prices 

were higher, a 10% increase in minimum price was associated with an 8.43% decrease in 

consumption. 

In Scotland, MUP was implemented on 1 May 2018, and it was set at £0.50 per UK unit of 

alcohol. In 2017, 47% of alcohol sold in Scotland from the off-trade market was sold below 

MUP levels[51]. However, the decision to introduce MUP in 2012 was supported by an 

adaptation of the Sheffield Alcohol Policy Model (SAPM)[52], rather than on the evidence 

on previous Canadian price policies[51]. SAPM is a deterministic causal model combining 

a micro-econometric (linking changes in alcohol price to consumption) and an epidemiologic 

(linking alcohol consumption to related harm) component. The model predicted how 

different MUP levels impact alcohol consumption as well as several harm outcomes. 

Different model versions were released with updated estimates to provide a reliable bundle 

of alternatives to let the Scottish Parliament decide the most appropriate value for MUP. In 

one of the last SAPM releases, a £0.50 MUP predicted an average reduction in the alcohol 

consumption per year in the population of 3.5% and a decrease of 6.8% and 7.4% in alcohol-

attributable hospital admissions and alcohol-attributable deaths, respectively[23]. According 

to SAPM, most health benefits would have come from the harmful drinker population (those 

drinking more and having most of the harm despite representing the minority of drinkers and 

consumption in absolute terms)[23]. Indeed, as specified by the Scottish Government, “The 

policy aim of minimum pricing is to reduce alcohol-related harm by acting in two ways: to 

reduce, in a targeted way, the consumption of alcohol by consumers whose consumption is 

hazardous or harmful, and also to reduce the overall population level of consumption of 

alcohol.”[53] The overall price increase was forecasted to decrease the total amount of 

consumption, but the dynamics of the floor price focused the effect mostly on 

hazardous/harmful drinkers in two combined ways. Firstly, as a consequence of the higher 

expenditure given by the greater consumption compared to the rest of the population and 
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secondly, by impacting more alcohol sold at low prices relatively to its strength (which is 

usually purchased more by hazardous/harmful drinkers).  

MUP was subjected to a ‘sunset clause’, meaning that the policy was supposed to end if the 

Scottish Parliament did not vote for it to continue after six years (30th of April 2024). Public 

Health Scotland (PHS) was asked to lead an independent evaluation of MUP on both the 

social health and economic industry impacts of the legislation and release a comprehensive 

report to the Parliament in time to decide whether or not to continue the MUP policy. A final 

synthesis of the evidence was released in June 2023, and the pre-print versions of papers 5,6 

and 7 were part of it[54]. Overall, findings showed a reduction in consumption (-3% after 

three years)[55] as well as a decline in deaths (-13.3%) wholly attributable to alcohol and 

hospitalisations due to chronic causes wholly attributable to alcohol (-7.3%), but an increase 

in acute hospitalisation (+9.9%)[56]. Most of the effects were more prevalent in the most 

socio-economically deprived groups. There was no consistent evidence of MUP effects on 

other previously theorised alcohol-related health outcomes. Based on this evidence, in April 

2024 the Scottish Parliament voted to continue the policy and increase the minimum unit 

price from £0.50 to £0.65 to offset the inflation effect in the last years. The increase will 

operate from the 30th of September 2024. After Scotland, many other countries or regions 

have implemented (i.e., The Northern Territory of Australia -October 2018-, Wales-March 

2020- and Republic of Ireland-January 2022-) or are considering implementing (i.e., South 

Africa) MUP. However, as Scotland was the first to implement the policy, the evidence from 

Scotland has international interest to reference short-, mid- and long-term effects. Papers 5-

7 in this thesis-category relate to the evaluation of MUP. 

Paper 8 analysed the repercussion on alcohol consumption (and its acute harms) of extreme 

public health measures not explicitly affecting alcohol, for example the first Covid-19 

lockdown (initiated in Scotland on 26th March 2020). Lockdown had strong impacts on 

health and health behaviours. There is general evidence that overall alcohol consumption 

reduced (presumably because of general discomfort and social restrictions), but that certain 

groups already at risk of hazardous drinking increased and shifted their consumption indoors, 

possibly as a way to cope with social isolation[4]. The lockdown has had long-lasting effects 

with the risk of affecting more those already more vulnerable and undermining the impact 

of pre-covid public health policies aimed at tackling health inequality. 



22 
 

Discussion 

These publications highlight a specific interrelation of AUD risk factors as well as policy 

implications and their effectiveness. By emphasising different effects and the inequality of 

treatments across subpopulations, they also exposed the complexity of studying alcohol 

epidemiology and policy. 

Particularly, the relevance of risk factors is different across subpopulations (e.g., sex, age, 

income, etc.)[57], and this is due to diverse consumption patterns and overall exposure 

chances. Different consumption patterns are also reflected in variations of alcohol-related 

harm between subpopulations. For instance, there is evidence that younger people were 

shown to prefer to drink the largest quantities of alcohol on a few occasions per week, in 

contrast, older individuals are more likely to consume alcohol with greater frequency at even 

amounts, this especially in high and middle income countries[58]. Consequently, young 

individuals are at greater risk of acute harms (e.g., alcohol-related injuries and intoxications), 

and older individuals may experience more chronic adverse effects associated with a 

continuum exposure or the interaction of alcohol with other health issues or medications. 

This phenomenon was also reflected in alcohol-related ambulance demand (paper 4[59]), 

which, mostly characterising acute neediness, was higher across lower age groups and 

especially in correspondence with night-time and weekends, while lower and more evenly 

distributed toward the day for older individuals (paper 4[59]). Similarly, the prevalence of 

AUD is higher in more socio-economically deprived groups. Still, the effectiveness of 

specific risk factors such as social support in avoiding alcohol dependence re-

hospitalisations was different across socio-economic groups (paper 1[60]). However, while 

AUD has a higher incidence and prevalence in more deprived areas, barriers to treatment are 

also higher in those populations (paper 2[61]), creating more challenges to design policies 

targeting those more in need. 

The main difference in studying alcohol compared to other substances is that alcohol is legal, 

therefore more common (easy availability) and socially accepted. Therefore, the social 

perception of disorders linked to alcohol is lower than those linked to other illicit drugs[62]. 

In addition, the easy availability increases the consumption within the population, making 

AUD more common (even if diversely) across socio-economic groups compared to other 

drugs. While alcohol is not as addictive as other illicit drugs (in 2022 81% of the Scottish 

adults drank alcohol and 22% drank it at hazardous or harmful levels[17], but only 2% of 



23 
 

consumers drank at dependence levels[63]), its widespread use makes it the second most 

lethal drug in the world (after tobacco) and a social and potential individual concern for most 

of the population exposed (which is larger than for other drugs). Furthermore, alcohol 

pervasive presence in society also increases the risk of relapses in those recovered from AUD, 

as individuals are often triggered by cues[27].     

These features determine a complex framework to design and evaluate policies to tackle 

alcohol-related harm. Indeed, this scenario underlines how evaluating policies at 

subpopulation levels, focusing on the effects on individuals with different vulnerabilities and 

exposure to different harm is more meaningful for social purposes and, together with other 

complementary analyses on other outcomes or policy spillovers, would provide a more 

comprehensive view of the effectiveness of the policy. 

After clarifying the foundation of policy evaluation in general and in relation to MUP, this 

discussion aims to emphasize how a deep understanding of the epidemiology of AUD is 

needed not only to plan and evaluate a policy for AUD, but also to communicate results and 

to use the evaluations to improve the policy further or complement it with additional 

interventions. The reasonings on MUP evaluation refers mainly to the PHS report published 

in July 2023, which was the main source informing the Scottish Government on whether to 

continue, suspend or reshape the policy.  

This discussion is divided into 4 sections: Section 1 is an introduction to policy evaluation 

with some concepts referring to the AUD context. Section 2 discusses MUP evaluations 

through the PHS report. Section 3 puts together the two original categories of this thesis, 

showing the inequality of the burden of alcohol in relation to the policy decisions on AUD 

in Scotland. Section 4 lists the main strengths and limitations of the overall thesis. 

1. Public policy evaluations and potential pitfalls 

Introducing a policy implies the decision to shape individuals’ behaviour to address/handle 

or make more bearable a specific problem. In this framework, the key aspect of policy 

decisions is the causal theory they enclose[64]. However, causal theories are based on an 

approximate outline of social reality’s interconnections. Therefore, novel public policies 

built only on theoretical causal models need to be supported by empirical evidence, or they 

may be sub-optimal, missing unexpected or untrivial relations. 



24 
 

To empirically determine the effectiveness of a specific policy, it is crucial to first establish 

its foundations by thoroughly understanding the nature of the phenomenon being addressed. 

Secondly, it needs design a theory of change as a consequence of the policy and preferably 

hypothesise the effect of the phenomena on specific outcomes. Finally, it needs to plan the 

method of inquiry for searching causal relations with real-world data. 

Randomised control trials (RCTs) have been recognised as the gold standard to prove causal 

relationships, especially in clinical/laboratory environments. However, RCTs are not always 

possible in social contexts due to ethical, financial or political reasons. Therefore, natural 

experiments are more common study design settings where social and political scientists 

have tried to prove causal relationships (or, whenever not feasible, ‘relevant associations’) 

correspondingly to a policy or, more in general, ‘an intervention’.  

The main difference between natural experiments and RCTs is the lack of random 

assignment to treatment or control in natural experiments, and the search of the most 

appropriate counterfactual is a key for the assessment of the experiment. The counterfactual 

acts like the control group of an RCT and should provide the result on the population of 

interest assuming the intervention did not happen. For this reason, the counterfactual should 

have characteristics as close as possible to the population of the intervention group in the 

pre-intervention period. While in specific contexts it is possible to mimic randomisation by 

controlling for observables (e.g. through methods such as matching), whenever there are 

confounders, making the decision on the best potential control is crucial for a robust 

evaluation of the intervention. Hereafter, the importance of the nature of the phenomenon 

and of the counterfactual with references to AUD and MUP are described. 

Nature of the phenomenon 

The nature of the phenomenon is the study of the field where the intervention will be 

implemented. For example, regarding MUP, it is understanding the complexity of public 

health and AUD policies, the alcohol consumers, as well as the peculiarities of the population 

of interest (alcohol consumers in Scotland and the general of Scottish population). This 

should provide a theory of change as a consequence of the rise in alcohol prices (i.e., increase 

in price → decrease in consumption → decrease in alcohol-related harm, change in market 

equilibrium) and hypothesis on relevant outcomes to be affected. The theory of change 

developed by PHS, represented in Figure 1, identified and classified outcomes into seven 

categories: 1) Alcohol-related health outcomes; 2) Compliance; 3) Price; 4) Consumption; 
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5) Social outcomes; 6) Alcoholic drink industry and 7) Attitudes to MUP. The theory of 

change also hypothesised some population groups to be more affected than others (i.e., 

hazardous and harmful drinkers) and ‘contributing more’ to specific outcome changes. As 

for many new social regulations, the theory of change also included a change in attitudes to 

alcohol (and maybe to the MUP regulation itself), which can be instant or gradual. All these 

steps can include qualitative investigations to better define the context and strengthen (or 

lose) causal interpretations and relations.  

 

 
 

Figure 2. Theory of change for minimum unit pricing for alcohol, reported from Public Health Scotland, 2023[54].  

Source: https://publichealthscotland.scot/media/20366/evaluating-the-impact-of-minimum-unit-pricing-for-alcohol-in-
scotland-final-report.pdf 

Overall, the nature of the phenomenon, by identifying the main target of the intervention and 

potential dynamics of the policy (e.g., how, when implanted, etc.) should also provide the 

insight on how the intervention ought to be evaluated. 

The lack of understanding of specific features or connections could result in some important 

outcomes to be omitted from evaluation, mishandling methods, or undermining the causal 

interpretation. For instance, missing subgroups’ effects in the policy evaluation, whenever 

relevant, could lead to a wrong interpretation of the relationships in the data. A relevant 

example of this issue is the Simpson’s Paradox (SP)[65]. The concept of SP can be 

summarised in a specific trend pictured in several subgroups of data, while it can disappear 

or reverse when groups are aggregated.  
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While the analysis in paper 1[60] cannot be considered as a proper SP, it shows how the 

trend in the overall population can be reversed in specific subgroups.  Table 1 shows the 

odds ratio of the association of being discharged in company vs alone and relapsing for AUD 

presented in the paper2. The trend in the overall population is a 20% reduction in the odds of 

having relapse if discharged in company. While the trend maintains across the first four most 

socio-economic deprived quintiles, it reverses in the least deprived quintile with a 73% 

increase in odds of relapsing associated with being discharged in company. The study 

highlights this trend, but it did not attribute any causal connotation to the analysis. Indeed, it 

acknowledged that important confounding variables (e.g., the severity of AUD, different 

availability of non-hospital services) could have a determinant role in these associations.   

 

Table 1. Odds ratio referred to the study ‘Manca, F. and Lewsey, J. (2021) Hospital discharge location and socio-economic 
deprivation as risk factors for alcohol dependence relapses: a cohort study.’ 

  Relapse No relapse Total OR 

Total of the population 
 in company 272 275 547 

0.797  alone 329 265 594 

by socio-economic deprivation quintiles 

1 
in company 96 77 173 

0.806 
alone 116 75 191 

2 
in company 64 61 125 

0.713 
alone 103 70 173 

3 
in company 61 80 141 

0.774 
alone 69 70 139 

4 
in company 32 46 78 

0.885 
alone 33 42 75 

5 
in company 19 11 30 

1.727 
alone 8 8 16 

OR= odds ratio; Socio-economic deprivation quintiles categories: 1 equal to 
the most socio-economically deprived quintile, 5 least deprived. 

 

However, SP is not a true ‘paradox’, and it originates only when we attribute causal inference 

to different explanatory levels. Economics Nobel winner and psychologist Daniel Kahneman 

sustained that “our mind is strongly biased towards causal explanations and does not deal 

well with mere statistics[66]”, and this paradox is an example of that. Along these lines, the 

challenge is understanding which kind of causal inference is justified based on the data we 

observe. Acknowledging this does not solve the causal issue, but it underlines how a policy 

 
2 For clarity purposes, the table reports odds ratio rather than hazard ratio as in the original publication. While 

the two statistics are different, this example was aimed to expose SP and odds ratio were preferred as easier 

to depict in a table.   
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decision (e.g., whether increasing the price of alcohol) needs to analyse all potential 

relationships and attribute a causal connotation to the relationships based on a ‘theory of 

change’ drawn ex-ante. A proper SP case from the alcohol literature is reported in Appendix. 

SP can be due to a confounding variable and/or a disproportionate allocation of the variable 

within treatment and subgroups. Therefore, the occurrence of SP depends on the shape of 

the data. Technically, data are ‘completely immune’ to SP only if they are ergodic3, a very 

uncommon feature in social sciences datasets[67]. Simulation studies highlighted how SP 

can appear in almost 2% of datasets[67]. However, given its counterintuitive nature, 

researchers can easily miss the paradox, meaning that SP can happen more often than it is 

reported[67], with dangerous consequences at the policy level. 

Counterfactual 

Counterfactuals represent what would have happened if an action (a policy) did not occur.  

We can only observe the real (factual) situation where the population has been exposed to 

the action, and we can directly measure the outcome. In contrast, the answer to the question 

‘What would the outcome have been if the exposed population had been unexposed?’ is 

unreal (counterfactual) and cannot be observed. In theory, the causal effect of a policy on a 

specific outcome is, therefore, the difference between factual and counterfactual outcomes. 

Taking MUP as an example, the average causal effect of introducing MUP in Scotland on 

alcohol consumption is the difference between the alcohol consumption in Scotland with 

MUP (factual) and without MUP (counterfactual). Analytically, and focusing on Scotland, 

let 𝑌𝑆
𝑀𝑈𝑃 be the average alcohol consumption for the individuals in Scotland with MUP, and 

𝑌𝑆
𝐶𝑜𝑛𝑡𝑟𝑜𝑙 the alcohol consumption in Scotland without MUP. To get the effect of the policy 

in Scotland on alcohol consumption, we are interested in the difference 𝑌𝑆
𝑀𝑈𝑃 - 𝑌𝑆

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 . 

However, Scotland with and without MUP cannot be observed simultaneously. Therefore, 

we look for the average effect of the policy in Scotland 𝐸[𝑌𝑆
𝑀𝑈𝑃- 𝑌𝑆

𝐶𝑜𝑛𝑡𝑟𝑜𝑙].  

The difference of interest can be rewritten as: 

 𝐸[𝑌𝑆
𝑀𝑈𝑃|𝑀𝑈𝑃] - 𝐸[𝑌𝑆

𝐶𝑜𝑛𝑡𝑟𝑜𝑙|𝑛𝑜 𝑀𝑈𝑃],  

 
3 The individual characteristics (e.g., mean and variance) are asymptotically identical to those at the level 

group. Kievit et al. 2013[59].  
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by subtracting and adding the same term 𝐸[𝑌𝑆
𝐶𝑜𝑛𝑡𝑟𝑜𝑙|𝑀𝑈𝑃] we obtain: 

𝐸[𝑌𝑆
𝑀𝑈𝑃|𝑀𝑈𝑃] - 𝐸[𝑌𝑆

𝐶𝑜𝑛𝑡𝑟𝑜𝑙|𝑛𝑜 𝑀𝑈𝑃] + 𝐸[𝑌𝑆
𝐶𝑜𝑛𝑡𝑟𝑜𝑙|𝑀𝑈𝑃] - 𝐸[𝑌𝑆

𝐶𝑜𝑛𝑡𝑟𝑜𝑙|𝑀𝑈𝑃] = 

= 𝐸[𝑌𝑆
𝑀𝑈𝑃 −  𝑌𝑆

𝐶𝑜𝑛𝑡𝑟𝑜𝑙|𝑀𝑈𝑃] + (𝐸[𝑌𝑆
𝐶𝑜𝑛𝑡𝑟𝑜𝑙|𝑀𝑈𝑃] −  𝐸[𝑌𝑆

𝐶𝑜𝑛𝑡𝑟𝑜𝑙|𝑛𝑜 𝑀𝑈𝑃]) . 

While the first term is the average treatment effect in Scotland (the aim of our evaluation), 

the two terms in the rounded bracket represent the selection bias, representing systematic 

differences between Scotland (which implemented MUP) and other countries not 

implementing the policy. 

In RCTs, counterfactuals are represented by the control arm, which is randomly selected 

within the population of interest. The randomisation of the population of interest into the 

two arms, should guarantee that the control group has no selection bias. As natural 

experiments are not randomised, different strategies to minimise selection bias and 

confounders, and guarantee a robust estimate of the policy are needed. Controls can come 

from the natural world (already existent comparators similar to the treatment group) or can 

be artificially built to be as similar as possible to the treatment group (e.g., synthetic controls). 

To minimise the presence of selection bias, controls need to be: 1) similar to the treatment 

group across time other than through the treatment (parallel trend); 2) exposed to the same 

history and threats (unobservable confounders) as the treatment; 3) data are measured 

consistently for both treatment and control groups. 

If these conditions are not met or only partially met, it is likely that confounders/selection 

bias will be present, with consequent bias in the final estimates. Researchers must limit the 

presence of selection bias and or confounding, either through control by design or adjustment 

during data analysis, if they want to draw causal associations[68].  

In the MUP evaluations regarding a wide range of outcomes (and in many evaluations of 

public health interventions in general), the most used methods are difference in differences 

(DiD) and interrupted time series (ITS). Like any research method, there are limitations. DiD 

and ITS main limitations depend on the before-after comparison with the control. Firstly, the 

main requirement for the validity of DiD and ITS is that the policy is not implemented based 

on pre-existing differences in outcomes[69](e.g., given the difference in alcohol-related 

harm between England and Scotland, it was decided to implement MUP in Scotland). Then, 

the reliability of the estimates is also dependent on the initial difference in the outcome of 

interest between the control and intervention group in the pre-treatment period (if the 
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difference is relevant, the magnitude and even the sign of the estimation are very sensitive 

to the functional form adopted in the model[69]). Another relevant constraint is the fact that 

the trustworthiness of the estimates is higher just after the policy implementation, as the 

parallel trend assumption is more likely to hold in the short time[69]. However, for policy 

purposes, mid- and long-term estimates may be more relevant. Therefore, the choice of more 

uncertain long-term inferences over short-term estimates should be accompanied by several 

relevant robustness checks.      

Bernal et al[70] referring to ITS, explained and categorised a wide range of controls, 

including ‘location-based controls’ (e.g., same outcome but in England) and ‘Control 

outcome’ (e.g., methadone prescriptions compared with alcohol dependent prescriptions 

both within the same Scottish population -paper 5[71]-) which have been the most frequently 

used in evaluations of MUP. Among the common limitations with other controls, location-

based controls cannot exclude events that are unique to the intervention location. Similarly, 

control outcomes can only account for factors that have the same potential confounders of 

the primary outcome.  

To assess the quality of the control, usually relevant background information on the pre-

treatment period is used. In DiD and ITS designs, it is also useful to plot the series of 

treatment and control groups and view and statistically test whether there is a parallel trend 

pre-intervention[69]. In addition, it is also suggested to repeat the analysis with alternative 

controls with a parallel trend and similar background information whenever present[69]. If 

the final estimate with the alternative suitable control is different from the one with the 

original control, then the original estimate is likely to be biased[72].    

Publications in this thesis evaluating MUP assessed the quality of the control showing 

descriptive statistics of the two comparators, they then assessed parallel trends of already 

decided comparators. When such parallel trends or any other condition was unmet, 

alternative controls were considered (e.g., methadone). Whenever there were no alternative 

controls, other strategies (e.g., comparators built on pre-MUP trend projections) associated 

with several sensitivity analyses were used. 

Alternatively, whenever multiple potential controls of the same category (e.g., all ‘location 

based’ or all ‘control outcome’) are available, synthetic controls are also a common option. 

Synthetic controls are ‘artificial’ controls created by weighting pre-intervention 

characteristics of multiple candidate controls to create a new control group as similar as 

possible to the original treated group. While no method different from a RCT can account 



30 
 

for unknown confounding, synthetic controls can potentially alleviate the impact of 

confounders if changes over time happen only for a few of the controls in the synthetic 

bundle. 

Once controls are assessed and then selected, the unconscious attitude to increase the 

chances of selecting findings/methods confirming the original beliefs (confirmation bias) 

(e.g., selecting the control group confirming the theory of change despite better alternative 

comparators) should decrease.  

Only recently, relaxations of the parallel trend assumption have started to be considered for 

causal inference literature[73]. These methods rely on model adjustments (e.g., use of pre-

intervention differences to explain potential parallel deviations) and then to alternative 

estimators for causal inference. However, while the econometric methodological literature 

on this field is rapidly growing, its application is not frequent in public health, and they are 

usually used paired with conventional methods. 

To summarise, a causal evaluation of a public health policy needs to have an ex-ante clear 

idea of the nature of the phenomenon (a comprehensive epidemiological understanding of 

the theme). This allows to anticipate potential patterns in the data and support their findings 

that can even be apparently incompatible with each other (e.g., SP paradox) by theoretical 

explanations and, therefore, strengthening the causal connotation of the results. Another 

crucial component of the policy evaluation is the method and then the choice of the right 

control. Different control categories can have different weaknesses and different sources of 

bias. Controls need to be carefully chosen and then assessed, especially when the analysis 

relies on one control only. Unless there are theoretical concerns, the best performing control 

in the pre-intervention period should be used. The final estimations should have multiple 

sensitivity analyses regarding both methods and controls to increase the reliability of the 

findings. The knowledge of the nature of the phenomenon can aid in the choice of the most 

appropriate counterfactual and the overall method, as well as suitable sensitivity analyses.  
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2. MUP evaluation 

PHS released in June 2023 the report[54] on the evaluation of the impact of MUP aimed to 

inform the Scottish Parliament on the decision to extend, modulate or withdraw the policy. 

The report is a synthesis of the evidence in the academic and grey literature processed 

through a systematic review. The final result included studies originally funded by PHS on 

key outcomes identified by the theory of change, unfunded studies known to PHS in advance 

aimed to complement the original MUP evaluation and other studies and grey literature 

found through the search of the literature that subsequently contributed to the evaluation. 

The report included 53 analyses on single outcomes comprised of 40 studies (a few 

publications analysed multiple outcomes). Of which, 39 were quantitative and 14 qualitative. 

The analyses of the outcomes included in this thesis belonged to the categories ‘alcohol-

related health outcomes’ (papers 5-6[71, 74]) and ‘social outcomes’ (paper 7[75]). A few 

outcomes were analysed multiple times by different research teams, using different 

approaches or time frame, with consequent production of several publications on the same 

component. Among quantitative methods, most of them were natural experiments measuring 

pre and post intervention differences. Regarding the design, the analyses were: 13 ITS, 4 

DiD, the remaining were mostly pre- and post-differences or broader mixed methods design 

comparing different approaches - e.g., ITS, DiD, synthetic controls, pre and post differences, 

as well as qualitative components-.  

Only a minority of the studies used nationwide datasets (4 health-related studies on 4 

different components: alcohol-related deaths, alcohol-related hospitalisations, ambulance 

callouts and alcohol dependence prescribing; and 4 studies on social outcomes on 2 

components: road traffic accidents (RTA) and crime). Nationwide datasets usually remove 

potential selection bias on the treated group. The remaining studies used routine health data 

on specific subregion of Scotland[76] or, more frequently, self-reported surveys of different 

sizes[24, 77], or again, on sales/consumption, large market research datasets from private 

companies (Kantar[78, 79] and Nielsen[80]). 

Results 

Evidence around MUP.  Alcohol consumption was estimated to be reduced by 3.5% after 

one year[80] and 3% after three years[55] of MUP implementation, with most of the 

reduction involving households that bought the most alcohol[78, 81]. The main results on 
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alcohol-related health and social harms of this report were ‘strong evidence’ that MUP 

reduced deaths (-13.4%) directly caused by alcohol consumption and a likely reduction (non-

statistically significant) of wholly attributable hospital admissions (-4.1%). Both results 

came from the same study[56]. These findings were driven by chronic conditions as deaths 

and hospitalisations due to alcohol-related acute causes had (non-statistically significant) 

increased. There was no consistent evidence across all other studies that MUP impacted other 

alcohol-related health or social outcomes. 

The decrease in consumption interested mainly those spending more on alcoholic beverages 

in the pre-MUP period[82]. The negative consequences of MUP were recorded mainly 

through qualitative evidence. For instance, the increase in price under a general budget 

constraint among dependent and financially vulnerable individuals could have led to 

reductions on food expenditure to maintain a stable alcohol consumption[83]. Another study 

showed that for a minority of drinkers, especially those with probable alcohol dependence 

and homeless circumstances, there could have been an increase in criminal activities (e.g., 

stealing) to acquire alcohol, but this was not a generalised trend[84]. Both studies found a 

potential switch from cider or beer to spirits in response to price increases, which led to 

increases in acute intoxications.  

This evidence synthesis exercise summarised all up-to-date results in one of the most 

evaluated public health policy interventions in the UK ever. The report also underlined the 

potential weaknesses of some studies related to specific controls, the extension to the covid 

period, as other minor factors were mostly accounted and controlled through sensitivity 

analyses and then not a major source of concern. The PHS report was the main source of 

evidence informing the Scottish Parliament on MUP effectiveness, inducing an extension of 

the policy and an increase of the floor price to £0.65 from September 2024.   

Papers in this thesis in the context of the evidence surrounding MUP. Papers [5-7] in this 

thesis were included in the collection of evidence on MUP by PHS. Each paper focused on 

a different aspect of the policy's impact: Paper 5 examined the effect of the policy on alcohol 

dependence prescriptions; the outcome framed within the context of the high-risk/AUD 

population, and likely to outline chronic or long-term effects. Paper 6 focused on alcohol-

related ambulance callouts, which is a health outcome potentially more sensitive than other 

traditional acute health outcomes such as A&E admission. Lastly, paper 7 analysed the 

associations between RTAs and MUP, providing evidence on an acute social outcome. All 

these studies found no significant associations between the policy and the outcomes of 

interest. Generalising the evidence generated from these three studies only, MUP had no 
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effects on acute health outcomes, chronic health outcomes on a specific high-risk population 

and on social outcomes. While these findings should be considered within the broader 

context of the available evidence, they align with general trends observed in other 

evaluations, which also report a lack of evidence on acute health and social outcomes. In 

contrast, despite the low representativeness of alcohol-dependent prescriptions, which 

typically cover only 12% of the alcohol-dependent population[85], the null association in 

Paper 5 emphasizes the inconclusive results of the policy on harmful and high-risk 

consumers, including those with alcohol dependence. Indeed, while the main evidence 

supporting positive effects of MUP [56] found a significant 23% decrease in alcohol-

dependent deaths (the highest relative decrease across all alcohol-specific conditions), Paper 

5, using a nationwide dataset, along with other studies employing large repeat cross-sectional 

data, found no changes in consumption patterns of harmful drinkers [24]or even an increase 

in consumption among specific subpopulations (e.g., men drinking at harmful levels) [86]. 

This highlights the need to produce more consistent evidence and understand the policy's 

intended and unintended consequences also on high-risk individuals rather than focusing 

only on results on the overall population. Specific considerations around methods and 

strengths of each of the papers are considered in the following sections.                  

MUP Narrative 

The overall narrative was that MUP is a policy that improved health by reducing 

consumption and alcohol-related harm, identified as deaths and hospitalisation. PHS 

concluded in the report that “the evidence supports that MUP has had a positive impact on 

health outcomes, namely a reduction in alcohol-attributable deaths and hospital admissions, 

particularly in men and those living in the most deprived areas, and therefore contributes to 

addressing alcohol-related health inequalities. There was no clear evidence of substantial 

negative impacts on the alcoholic drinks industry, or of social harms at the population level.” 

As many institutions and foreign nations have had their “eyes” on the Scottish MUP results 

due to their interest in the policy and potential replicability, this report and the overall results 

of MUP evaluations had national and international relevance. Many headlines echoed or 

elevated reports’ conclusions; for instance, “Minimum unit pricing achieves 'main goal' of 

reducing alcohol harm, report says” (The National)[87] or “No place for cheap alcohol: 

Scotland’s minimum unit pricing policy is protecting lives”(WHO)[88]. 
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While these findings regarded the most relevant outcomes, it is also worth saying that they 

come only from one out of forty studies in the report. The emphasis in communicating results 

is greater on the significant-expected and positive results and lower on inconclusive or 

negative unintended consequences of the policy. Indeed, there has been a lack of reference 

from the press to most of the other studies that, despite a decrease in consumption, did not 

find consistent results on other outcomes after MUP implementation (a sort of publication 

bias from the press also called ‘media bias’). In addition, there was no explicit reference in 

the narrative post-report to misalignment between modelling expectations (e.g., reductions 

in crime[89] and ‘transport injuries’[23]) which drove the policy implementation, and real 

results. 

As all this positive narrative which has framed the MUP came only from one study, a few 

extra considerations related to this fact and on the study itself are needed to draw a 

comprehensive picture of the policy effect based on the PHS report. 

Extra considerations: bias, risks, and remedies 

Overall considerations. The study providing the most direct and relevant outcomes (death 

and hospitalisation), was the only one finding undoubtedly positive impacts of the policy. 

The fact that this was the only research on such important outcomes is a weakness for the 

overall comprehensive evaluation of the policy. For example, regarding the outcome RTA, 

the first published study[90] (November 2021), reported a 0.28–0.35 (9-11%) decrease in 

RTAs per 1 million people after MUP implementation, concluding that the policy reduced 

harmful RTAs. The second published study[91] (October 2022) found no evidence of MUP 

having effects on fatal and drink driving RTAs (authors found a 8% increase in fatal and a 

2% decrease in drink-driving RTAs, both non-statistically significant estimates at 95% level 

of confidence). The third study, paper 7 of this thesis (October 2023), found no evidence of 

MUP on night-time RTAs, but evidence of a statistically significant increase in fatal and 

overall RTAs whose extent differ across sensitivity analysis, but authors explained that could 

not be ascribed causally to the policy. Therefore, as all studies were valued of equal strength 

and comparable by PHS, to date, there is inconsistent evidence on this outcome produced by 

multitude of studies analysing the same or similar object, using different methods, and ran 

by different research teams. If the analysis had stopped only on the first outcome the overall 

narrative would have been different: MUP reduced RTAs. The evidence synthesised by a 

plurality of studies is usually more robust and reliable. The lack of competing studies on a 
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specific outcome could be mentioned and presented as a weakness in a report summarising 

the evidence. 

The study on deaths and hospitalisations. The main conclusions of the paper[56] are 

summarised in tables 1 and 3 of the original outcome reported below, stressing how all 

alcohol-related deaths and hospitalisations reduced after MUP introduction. The most 

evident weakness in the publication is the high difference across sensitivity analysis made 

with alternative control groups regarding hospitalisation (two of them finding a non-

statistically significant increase in hospitalisation and one a decrease in the effect -Table 3 

of the article-). This shows how the uncertainty in the analysis for hospitalisations is related 

to the choice of the control, and therefore the relevance of the choice of the control. The 

alternative controls used in a sensitivity analysis should have some meaningful reliability or 

they render the sensitivity analysis pointless. As earlier mentioned, when the final estimates 

with alternative controls are meaningfully different from the main analysis, the main 

estimate is likely to be biased[69]. 
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Figure 3 Table 1 and Table 3 of Wyper et al. 2023[56] 

 

The study does not provide an ex-ante assessment of the different controls to rank their 

quality and the higher trustworthiness of the main analysis over the sensitivity results for 

either of the outcomes. It did not test for pre-intervention parallel trends either. It provided 

only a visual inspection of the Scotland vs England & Wales trends in the unobserved 

component model representation (figure 1 and 2 in the article), deciding to use England & 

Wales as comparator. However, regarding alcohol-specific deaths, official statistics showed 

an overall difference in incidence and trend between Scotland and England in the decade 

before MUP implementation (20.5 vs 11.7 alcohol-specific deaths per 100,000 people in 

Scotland and England, respectively based on 2017 ONS 4  figures which also highlight 

differences in historic trends between constituencies[92]). Recent statistics found a closer 

similarity in death rates between northern regions of England and Scotland compared to 

England & Wales[93]. Important differences were also found for alcohol-specific 

hospitalisation figures. In addition, a study included in the PHS report but on other outcomes, 

finding statistical significant differences in the pre-intervention indexes representing ‘bad 

health’ between constituencies judged a synthetic control (built on subset of English local 

authorities with the same pretreatment dynamics of the average of Scottish districts) more 

reliable[91]. Further, another studies evaluating associations between MUP and the 

prevalence of harmful drinking used Northern England as a comparator[24].  

In line with these observations, controls based on northern regions of England were 

mentioned in the article as potentially more similar to Scotland. However, authors preferred 

 
4 Office for National Statistics. The Statistical bulletin referring to alcohol-specific deaths in 2017 – one year 

before MUP introduction- highlighted also that Scotland had a decreasing relative trend in alcohol-specific 

deaths compared to 2001, while England an increasing.  
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to use the aggregation of England and Wales as a comparator group. They justified their 

choice as in the post-pandemic time series differences in timing of regional COVID-19 waves, 

and subsequent pressures on services, might not have always aligned well with country-level 

restrictions. While the study controlled for country level restrictions during the pandemic, 

higher uncertainty, and less quality in both classifications of causes of death[94] and 

hospitalisations not involving Covid was recognised by statistical authorities that could have 

been even higher source of bias. 

Therefore, to decrease overall uncertainty and increasing the likelihood of a parallel trend 

(higher in short term evaluations) a main analysis on the pre-pandemic series using the best 

control assessed in the pre-intervention period would have been ideal. This would have 

compared ‘equally’ results on more reliable controls, providing a triangulation of results and 

a better estimate especially on hospitalisations. Overall, consistent results across different 

controls makes the outcome on death more plausible, however the same considerations are 

functional (e.g., assessment of the controls, parallel trend etc.) to establishing the robustness 

of the findings also for this outcome. In particular, as deaths trends between control and 

treatment group were previously found to differ, the reliability of the point estimate for 

deaths could be challenged as well without a proper assessment of the comparator. 

Other minor challenges could be represented by the predominant effect of chronic conditions 

such as alcohol-related cancers after just 31 months over short term alcohol-related outcomes. 

According to the SAPM model (one of the pillars of theory of change) chronic results would 

be more evident in the long-term, mentioning 20 years as the period to observe a full effect 

on these outcomes[23]. Similarly, a recent real-world evidence from Australia and Canada 

showed acute hospitalisation more sensitive to MUP in short-term despite chronic 

hospitalisations having a more lagged reduction[95]. Further, the massive difference in 

alcohol dependence syndrome between deaths (-23%) and hospitalisations (+7.2%) after 

MUP implementation, while all other diseases categories followed the same direction was 

not discussed. This difference could seem in contrast with other studies finding no clear 

evidence of changes in the severity of dependence[83] or no effect on prescribing for alcohol 

dependence found in paper 5[71]. Another recent study contemporary to[56] based on a large 

repeated cross-sectional data collected via 1-week drinking diaries and using Northern 

England as a comparator, found no association between MUP and reductions in the 

proportion of drinkers consuming at harmful levels (where alcohol dependent people are 

usually classified)[24]. This evidence increases further the inconsistency around the effects 

of MUP on alcohol dependence. The lack of explanations supported by further sensitivity 
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analyses, or the theory of change, or the lack of justifications of differences with other studies, 

may challenge the causal relationship between MUP and these results.  

Mismatching between controls and asymmetries with the theory of change, especially 

regarding hospitalisations, may not attribute a causal connotation to this study, which 

roughly claims, “the methods used suggest plausibility that these effects can be causally 

attributed to MUP”. Additionally, stronger evidence in findings regarding damages from 

acute causes could contribute to drawing a wider picture of the policy regarding this outcome. 

This would assist policy makers in understanding whether complementary adjustments to 

address the acute harm associated with MUP may be beneficial. 

Common academic bias. To all these considerations, the risks of overall academic biases 

such as publication bias common to all studies finding strong and positive results in a hot 

field is real and should be acknowledged[96]. While this specific concept could cover all 

publications, the study on deaths and hospitalisations should not be affected.  Indeed, Wyper 

et al. finding only one of the two outcomes to have statistically significant effect, underlined 

how there was not a propensity towards publication bias. However, policy makers should be 

aware of another potential bias frequent whenever public health actions have been socially 

accepted as positive: the what-so-called `white hat bias’[97]. This is a bias leading to 

distortion of information or of the narrative in the service of what may be perceived to be 

righteous ends. As this is a bias more for the audience and the ‘receiver’, the task to minimise 

the white hat bias should be more on journal editors, peer-reviewers, and lately to all studies 

synthesising the evidence. Particularly, these actors should verify that results are presented 

correctly, avoiding reporting bias and making the non-scientific audience/policy makers 

aware of the potential of biases inviting them to view the evidence in hot topics more 

critically, especially related to rare or first-time seeing findings. Indeed, publications are 

generally more likely if results are novel or unexpected[96]. 

Trying to limit the bias while reporting. Suggesting uniform analysis protocols across 

different outcomes (at least for funded studies, e.g., those commissioned by the same 

institution like PHS) would allow an easier comparison between studies across research 

teams and outcomes and increase the overall trustworthiness and usefulness of the evidence 

synthesis. For instance,[83] and[56], both PHS funded and planned studies used different 

controls (England & Wales and Northern England, respectively) for time series. Similarly, 

using the same method to include comparator in the time series models (at least across main 

and sensitivity analyses) would increase the comparability of results. Again, highlighting the 
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different post-intervention time of the studies on the same outcomes could have improved 

the understanding of the policy on specific outcomes.  

For instance, regarding RTAs publications referred to different time frames, but they were 

interpreted in the same way. Specifically, the first publication was an evaluation after 8 

months of the policy (finding a decrease in RTAs) and the other two (both finding consistent 

increase in RTAs but without causal associations to MUP) were mid-term evaluations after 

20 months. All studies were assessed as equally strong by PHS (while in publication 5 I 

presented a different idea). Thus, according to PHS, the inclusion of the time frame could 

have contextualised the narrative of the policy on the RTA outcome revealing an initial 

decrease RTAs in immediate correspondence of MUP, followed by a null effect. 

To strengthen the reliability of the evidence synthesis, PHS conducted a critical appraisal of 

the publications and commissioned a further critical appraisal externally to compare results, 

and then reach consensus on differences in ratings. However, a particular attention towards 

delivering the right messages to policy makers, making them aware of risk of biases, 

inconsistencies between studies in methods, or differentiation on long-short term effects as 

well as underlining differences with the original policy’s expectations is central for studies 

with direct policy impacts. 

In summary, MUP was a policy aimed at decreasing alcohol-related harm, and by affecting 

the most socio-economically deprived individuals more (which are those with the highest 

incidence of alcohol-related harm), it was intended to decrease the health inequality due to 

alcohol. Despite a decrease in consumption, results showed a statistical-null effect in most 

of the social and clinical outcomes potentially affected by the policy, except a decrease in 

alcohol-specific deaths (-13.4%) and hospitalisations (-4.1%). Results were well perceived 

by the public opinion. However, higher attention from media and technical institutions 

delivering the narrative is needed to make policy makers aware of potential weaknesses in 

the evaluations. Positive results came only from one publication. Inconsistencies in deciding 

the control as well as the lack of support of the theory of change in certain explanations made 

the causal association between MUP and decrease in hospitalisations unfitting. While the 

decrease in deaths is likely to be suitable, its extent may be unclear due to poor assessment 

of the quality of the controls. Rather than framing the narrative predominantly on successful 

and expected outcomes, specialists should also underline mismatching between original 
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expectations and findings (e.g., lack of effects on social outcomes as well as increase in acute 

deaths and hospitalisations). To do this, a deep investigation on key publications is needed 

to assess methods and causal claims. This would help policy makers and modellers to 

appreciate the evidence more objectively, reviewing the current MUP and/or shape and better 

design future complementary policies. 

3. General reflections on AUD in relation to public health policies to
tackle alcohol-related harms

Overall, the inequality of the burden of AUD is related to exposure to alcohol in contexts 

with more risk factors and to more impediments in receiving care. Studies in this thesis 

showed how specific settings are associated with a higher risk of AUD relapses, or how 

alcohol consumption can be more addictive for individuals with specific comorbidities who 

can use it for self-medication. While the incidence of these circumstances is greater in more 

socio-economic deprived areas (e.g., higher psychological distress and a general 

concurrence of multiple social and health threats[98]), in Scotland, the access to alcohol 

dependence medications is more difficult in these areas (paper 2[61]). This highlights how 

poor access to health as well as the concentration of severe multiple disadvantages may make 

health inequality related to AUD structural in Scotland and only moderately influenceable 

by untargeted policies. 

Specifically, low income, unemployment and poor physical and social environments are all 

components of socio-economic deprivation, as defined in Scotland[99]. These factors can 

trigger mental health issues (including substance use disorders) as well as they are 

constraints impeding to health access. The barriers to accessing healthcare include the extent 

to which the timing and flexibility of appointments align with people’s lives (e.g., less 

flexibility due to unstable jobs or lack of assistance to family care duties), mistrust of 

services and whether people realise that an ongoing health problem requires treatment[98]. 

Accordingly, all these barriers are more common in individuals experiencing multiple 

disadvantages.  

Recently, barriers to healthcare from the most vulnerable have become higher. Indeed, the 

recent high pressure on the NHS and the consequent provision of less healthcare after the 

pandemic had a twofold negative effect on health inequality. Firstly, the inability to access 

treatments risks deepening existing poor health, which is more common in the most deprived 
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areas. Secondly, long waiting lists pushed individuals to take out private health insurance for 

a more effective healthcare service[100]. This increased the divide between those who can 

afford health assistance and those who cannot, and especially for mental health, worsening 

their social marginalisation. Specifically, regarding alcohol, the lower access to healthcare 

from the most vulnerable individuals increases the risk of identifying alcohol with an easy 

answer to more complex health and social problems, triggering AUD mechanisms. 

From this reasoning it arises that AUD is not only caused by the offer of (selling) alcohol 

but also the cause of deeper social and individual malaise generating harmful alcohol 

demand. In the last decades, the Scottish Government put into action several policies aimed 

at making the alcohol offer less appealing, and MUP is only the last of them. To date, MUP 

is considered a successful policy that reduced consumption and with some evidence in 

reducing alcohol-related harm, long-term effects are supposed to be even more remarkable 

as full evidence on chronic conditions is supposed to come out after 20 years[23]. Moreover, 

the fact that consumption decreased more in those purchasing more alcohol before the policy 

implementation and the fact that the reduction in alcohol-specific deaths was greater in more 

deprived areas seems promising. Indeed, policies like MUP are likely to have benefits 

outweighing negative aspects[101]. However, their effect can be limited as acting on 

reducing the demand only through pricing policies (such as MUP) or previous supply 

policies is only one side of the problem. 

Indeed, by working only on the price, it is likely that the policy will reach a saturation point, 

affecting fewer individuals than the total of the population with AUD. Specifically, it is 

questionable that MUP will affect those with an inelastic demand for alcohol; the 

inconsistent results of MUP on alcohol dependent individuals and its potential negative 

effect on this population confirm this reasoning. MUP-like policies can be only part of the 

solution and not the only answer to slow down the AUD epidemic in Scotland. The 

excitement around MUP success, which put Scotland as a world pioneer in policies to tackle 

alcohol-related harm, cannot allow the country to rest on its laurels as alcohol-specific deaths 

and other risk indicators are increasing. However, the lack of other complementary alcohol 

policies in Scotland after 2018 highlights this risk. 

Structural interventions towards the ‘harmful demand for alcohol’ would complement the 

current policies to tackle AUD in Scotland. From this thesis, there can be a few policy 

insights focusing on treatment equality and working on the causes of AUD recurrence to 

reduce imbalances of the alcohol burden within the population. Firstly, referring AUD 

patients after hospitalisations to specific services (as many of them risk being lost after 
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discharge and not linked with any specialist treatment services)[61]. This is particularly true 

for patients with specific vulnerabilities and a higher risk of relapses (e.g., poor social 

support environments  -paper 1[60]- or high-risk comorbidities[102]). Secondly, promoting 

assertive outreach initiatives for individuals with potential substance or alcohol use disorders 

but with individual barriers to treatment and access to services (e.g., stigma or lack of 

acknowledging their disorders). Thirdly, working on why the distribution of the most 

effective treatments differs across deprivation groups (paper 2[61]), as well as increasing 

general levels of prescriptions for alcohol dependence in the population that looks too 

low[85]. Fourth, closer interaction of social and health care to increase access to treatment 

and avoid self-medication spirals. This thesis mainly assessed dynamics related to the AUD 

treatment and recovery. However, these aspects focus mostly on acute and chronic care 

which are essential to even the burden of AUD but cannot be the solution to the AUD 

epidemic if they stand alone. In general, laws, medical practice and even the imaginary 

availability of antidotes (alike naloxone for opiate overdoses) are insufficient. The answer 

must be found in the drivers to the demand side. For instance, socio-economic deprivation 

in Scotland is a major risk factor of poor mental health and specifically substance use 

disorders. More investments to reduce marginalisation and the multiple disadvantages of 

subpopulations at higher risk would work on the problem from its foundation. 

Scotland had implemented strategies in this direction. For example, in 2017 alcohol and drug 

partnerships with local institutions such as health boards, local authorities, police and 

charities were funded to develop strategies to tackle alcohol and other substance related harm 

fitting local contexts. While these partnerships still work trying to understand and overcome 

local barriers to recovery, recent increases in alcohol-specific deaths show that they may be 

not enough. Indeed, the global circumstances after the pandemic changed, reshaping alcohol 

consumption patterns, as well as increasing need for mental health support in the 

populations. This highlighted the need of even more comprehensive approaches to reduce 

the ‘demand’ of alcohol-inducing harm. 

Evaluating policies is useful to establish their effectiveness on specific outcomes. Also, 

analysing unexpected trends or the lack of effects in specific subpopulations can be even 

more beneficial as it may help to plan for complementary policies with greater effectiveness 

of a more comprehensive strategy. Additionally, the evaluation of a policy may also help to 

contextualise the policy, which, interacting with external factors (e.g., inflation and 

pandemic), decreases its expected effectiveness on specific outcomes or diminishes its 

impact in the long run. Current plans to reform MUP by increasing the floor price to £0.65 
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from September 2024 go in this direction. Certainly, indexing MUP to inflation as already 

in place in Canada[47] would decrease the chances of further amendments.  

Extending the MUP policy without plans for future evaluations or price revisions suggests 

that policymakers believed they had sufficient and conclusive evidence to support the 

policy's effectiveness. However, the Scottish Government based its decision on national mid 

and short-term evidence and relying only on one single studying finding positive results on 

direct health outcomes. The lack of complementary strategies aiding those potentially 

negatively affected by the policy raises concerns. Specifically, there is a risk that MUP, 

initially targeting the general population (and indirectly focusing on the consumption of 

those in more deprived areas), was originally conceived as a comprehensive policy without 

adverse repercussions for health inequality. This conception has not changed after the 

evaluations. However, assessments of adverse impacts on specific subpopulations should 

have prompted adjustments to the original theory of change, placing the policy within a 

broader public health and economic context. An example of such amendments is the 

inclusion of mechanisms that might underlie potential harms[103]. For instance, a new 

theory of change could allow for different behavioural changes within subcategories of 

consumers (even within the classes of moderate, hazardous and harmful drinkers), as 

consumption patterns are not only defined by consumption but also by the context[5]. 

Studies on the homeless population finding MUP as a “lower” priority[104] or an insufficient 

measure for these populations with more complex needs[84] are an example of this. 

Extending evaluations and considerations on populations not greatly affected by the policy 

may allow greater reflections on the inequality and then equity of the policy itself. 

Furthermore, differentiating between short-term and long-term impacts, considering their 

interplay with external factors, and incorporating a mechanism for ongoing evaluation are 

essential to improve current theories of change, create new evidence through new 

evaluations and consequent policy refinement. The absence of "sunset clauses" and the fixed 

nature of the new MUP risks to hinder this fine-tuning approach in the near future. 

4. Strengths, limitations and critical reflection of this thesis

The discussion section of each paper underlined its specific strengths and limitations. 

However, common features of all studies can be identified. Similarly, this discussion 

attempting to connect all articles under alternative points of view can have its own strengths 

and limitations. 
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Strengths. Firstly, all papers used a nationwide sample size, this increased the external 

validity of the studies, excluded selection bias of the treated groups, and allowed inference 

at national levels, with consequent higher policy relevance. Secondly, all publications had 

extensive sensitivity or subgroup analyses. This often-strengthened evidence of associations 

through multiple methods having similar findings (i.e., triangulation and integration of 

results) and/or shed light on different dynamics within specific population subgroups. 

Thirdly, the policy implications of some of these studies go beyond the mere sample size: 

the policy papers provided insights on evidence around hot policies for Scotland such as 

MUP or lockdown’s effect on drinking patterns at national level. In this regard, three of the 

studies of this thesis were included in the PHS report, all were allocated a ‘strong’ score in 

their critical appraisal. These studies have contributed to the evidence presented to the 

Scottish Government to decide on MUP after five years, therefore, they have had an 

immediate policy influence. Lastly, this discussion briefly retracing the rationale of policy 

evaluation and highlighting potential pitfalls, could provide tools to make policy makers 

aware of communication and academic bias and limit their persuading effect. 

Limitations. The limitations of this thesis are mostly related to its retrospective nature: 

publications coming from different ideas, grants and reasons may appear disjointed. 

However, this discussion connecting the dots hopefully provides the reader a more 

comprehensive framework of AUD, and a better understanding on why there was a need of 

specific policies to tackle AUD in Scotland, as well as potential explanations of their 

expected and unexpected effects.  

Regarding the three publications in this thesis on MUP and other studies around this policy, 

the pandemic impeding homogeneous data collections for specific outcomes and changing 

consumption patterns of the population limited long-term evaluations of the policy, causing 

a strong limitation. Specifically, the pandemic could be seen as an external factor that 

introduced ‘noise’ in most of the time series analysing MUP’s effects. As both consumption 

patterns and the attitude of the population toward alcohol changed, the ‘noise’ was likely to 

be stronger than the actual effect of MUP. Another effect was the lower reliability of controls 

during and in the short term after the pandemic. This is because different countries had 

different restrictions, and restrictions together with populations’ characteristics had a role on 

how consumption patterns changed. However, while the pandemic changed consumption 

patterns (which are unlikely to disappear quickly), the extent of such changes could 

gradually decline in the long term. Future studies considering these trends may have more 

long-term validity, with more conclusive results. The discussion refers mainly to the analysis 
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and implications of the PHS report published in 2023, as it was the main source of evidence 

informing the Scottish Government on decisions on the future of MUP. Therefore, studies 

published after this report were not considered. 

Critical reflections. Beyond the policy impact of the second set of papers in this thesis 

already discussed, the thesis also extended evidence around some AUD risk factors. For 

instance, it quantified the association of living alone with further alcohol-related 

hospitalisations (paper 1[60]). Moreover, the comparison of various psychiatric 

comorbidities using a nationwide routine dataset (not restricted to specific subpopulations) 

and a consistent definition of the 'relapse outcome' across comorbidities was a novel 

approach facilitating the comparability of different comorbidities as risk factors (paper 

3[102]).  

From both the papers and this essay, a few key recommendations can emerge. Firstly, 

investing in research to study the barriers to treatment for AUD across specific 

subpopulations. For instance, paper 2[61] showed lower odds in receiving  pharmacological 

treatments (as well as the most effective medications) for those residing in more socio-

economic deprived areas but without establishing causal links. Research analysing these 

barriers can suggest mechanisms to reduce the gap between hard-to-reach populations and 

therapies, with implications for the distribution of alcohol-related burdens in society (and 

health inequality). Secondly, increasing the availability of data (e.g., open access or 

delivering restricted datasets to investigate same/similar outcomes to several research 

groups) may increase the quality of evidence. Thirdly, both policy makers and researchers 

summarising and delivering the evidence should be aware of potential communication 

biases. In the case of MUP, focusing also on unmet expectations of the policy as well as 

potential negative effects is essential. Lastly, evaluating environmental policies like MUP 

should be seen not only as a means to determine the policy's success but also as an 

opportunity to identify areas for policy improvement. Relying solely on short- and mid-term 

evaluations may provide misleading results, as long-term effects may involve different 

mechanisms. Therefore, the last recommendation is to include in an initial evaluation plan 

also long-term evaluations of the policy, however, this was not part of the original MUP 

strategy which was defined only until the sunset clause (5 years after policy implementation). 
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Conclusions 

This thesis highlighted the crucial interaction between epidemiology analyses and the 

evaluation of public health policies, using the AUD field and AUD policies in Scotland as a 

case study. 

The epidemiology, learning from existing policy interventions and designing/implementing 

new interventions fitting the societal context, should tackle potential health threats. Then the 

policy evaluation should recognise what does and does not work from the implemented 

policies, suggesting further interventions to adjust for unexpected negative consequences or 

results lower than expectations. This is supposed to be an iterative process, tending to the 

most efficient policy design ensuring that policy development is based on the 

epidemiological evidence. Clear communication of policy results and the criticalness of 

some evidence to policy makers are crucial for successful implementation and evaluation. 

The uneven distribution of the social burden of alcohol (e.g., higher AUD incidence in more 

socio-economic deprived groups, different distribution between acute and chronic burden by 

age and deprivation) risk to make across-the-board policies like MUP in Scotland effective 

but insufficient. Indeed, while MUP has shown decrease in consumption and positive clinical 

effects, it did not consistently affect the alcohol dependent population due to a more inelastic 

demand.  MUP cannot be enough to handle the alcohol epidemic given that, even in contexts 

where it is already implemented, the AUD burden is increasing (e.g., increases in Scottish 

alcohol-specific death). To reach the unreached by MUP, this thesis suggests complementary 

policies looking at the reasons driving the ‘harmful demand for alcohol’ and work to 

guarantee ‘equal treatment to AUD’ rather than focusing only on making the ‘alcohol supply’ 

less appealing. 

Moreover, recent unplanned events such as atypical large inflation and the pandemic that has 

reshaped consumption alcohol patterns and increased overall mental health care needs may 

have reduced the effect of promising policies such as MUP. Therefore, adjustments to the 

original policy are needed even more to tackle AUD and the associated health inequality. 
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Appendix 

Table A12Representing Simpson’s Paradox from [105] 

 

Borkenstein et al. [106] strangely found a lower risk of car accidents for low levels of blood 

alcohol concentration (BAC) compared to a 0 level (Model 1, Table A2). However, Hurst et 

al.[107] using the same data after controlling for drinking frequency pattern (potential 

confounder) found a greater risk of injury across all BAC levels, including low (Model 2, 

Table A2). This was because risk of car accidents was higher among less frequent drinkers. 

However, while this association could have been mistakenly interpreted as a higher tolerance 

among frequent drinkers, frequency drinkers had fewer accidents also when BAC was zero 

(individuals did not drink in that occasion -data not in table-)[105]. Furthermore, when 

frequency was examined separately by BAC level, the odds ratio at a given BAC was not 

always smaller for more frequent drinkers (Model 3, Table A2). Therefore, drinking 

frequency was hiding a further risk factor not observed, which did not allow to provide a 

full/comprehensive causal interpretation of the pattern.  

Overall, the alcohol-traffic accident relationship is not linear and can be confounded and 

modified by consumption patterns; additionally, it should be careful to causally explain 

associations through hypotheses (e.g., tolerance) when there are not deep foundations of a 

nature of the phenomenon and/or there are not investigations on the potential causal variables.  
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Glossary 

Alcohol consumer category. Common categorisation of alcohol consumers into 

low/moderate, hazardous and harmful drinker (see below). The categorisation can change 

across countries. In the UK this categorisation was defined based on the number of units 

consumed per week in the 1995 Chief Medical Officer guidelines[21]. While such guidelines 

have been replaced with a broader recommendations (drink no more than 14 units of alcohol 

a week to keep health risk at low levels[22]), the categorisation is still used to define 

categories of alcohol consumers in recent researches (e.g., [23, 24]). 

Alcohol consumption guidelines. Generally, it is the country definition of what is defined 

‘sensible limits of drinking’ for the population and/or certain subpopulations. In the UK, the 

Chief Medical Officers provides the guidelines and in the 2016 update it split guidelines 

based on three categories of episodes: regular drinking, single drinking episodes and 

drinking in pregnancy. 

Alcohol harm paradox. Higher socio-economic status groups are more likely to report 

exceeding recommended drinking limits, but those in lower socio-economic status groups 

experience more alcohol-related harm. 

Alcohol use disorder (AUD).  A medical condition characterized by an impaired ability to 

stop or control alcohol use despite adverse social, occupational, or health consequences[108]. 

AUD is usually defined in ICD-10 codes in the F10.1 and F10.2 sessions. The updated 

version ICD-11 codes AUD can be classified in 6C40.1 and 6C40.2 

Alcohol-related harm. Any harm associated with alcohol consumption, including physical, 

psychological and social harm. The term ‘related’ does not imply causality[5]. While all 

alcohol-specific harms are also alcohol-related, not all alcohol-related harms are alcohol-

specific. For instance, deaths involving drink driving episodes, are usually recorded as 

alcohol-related but not alcohol-specific.     

Alcohol-specific harm. Any harm causally linked with alcohol consumption. Examples are 

alcoholic liver disease, alcohol use disorder (addiction), alcohol poisoning.     
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Bias (psychology). A systematic deviation from objectivity or accuracy in judgment or 

perception potentially due to many factors such as personal beliefs, experiences, social 

factors or other. 

Bias (statistics). Systematic difference between the expected and true value of an estimator. 

Counterfactual. What would have happened if an action (i.e., an intervention) did not occur.  

Difference in differences (DiD). A statistical method to estimate the causal impact of a 

treatment by comparing changes in outcomes between a treated group and a control group 

over time. It assumes similar trends in outcomes for both groups in the absence of treatment 

(parallel trend assumption). 

Harmful drinker. A harmful drinker is someone whose alcohol consumption is causing 

damage to their health in terms of physical, psychological, or social consequences. 

Definition of harmful drinker can vary across countries. The WHO defines harmful drinking 

as “drinking that causes detrimental health and social consequences for the drinker, the 

people around the drinker and society at large”[109]. According to the UK 1995 

categorisation it includes whose usual consumption of alcohol is more than 50/35 units per 

week for men/women[21]. 

Hazardous drinkers. Those whose usual alcohol intake is between 21 and 50 units per week 

for men or between 14 and 35 units per week for women[21]. 

Interrupted time series (ITS). Statistical analysis examining a series of data collected 

before and after an intervention to assess its impact. The impact is usually determined by the 

inference of a shift in the level of a change in trend in the series (or by the combination of 

the two).   

Minimum unit pricing. Policy setting a minimum (floor) price per unit of a commodity 

below which it is illegal to sell that specific commodity. 

Moderate drinker. Those whose usual alcohol intake is no more than 21/14 units per week 

for men/women (UK 1995 recommendations[21]). 

Pattern (of drinking). Profile of drinking defined by volume drunk per episode as well as 

frequency and context of drinking occasion. 
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Prevention (primary, secondary, tertiary). Prevention is generally termed as the bundle of 

activities to stop people from getting diseases or to stop a disease from getting worse. 

Primary prevention refers to intervention measures to prevent the occurrence of a 

condition[110]. It usually targets the general population. Secondary prevention is the set of 

measures that increase the probability that a person with a condition will have it diagnosed 

at a stage that treatment is likely to result in cure or reduction in the severity of a 

condition[110]. It usually target high risk populations and in the context of alcohol it was 

defined as helping hazardous and harmful drinkers revert to low-risk drinking or abstain 

from alcohol[111]. Tertiary prevention focuses on the reduction of further complications of 

an existing disease, disability, or injury, through treatment and rehabilitation[110]. In the 

context of alcohol, it focuses on individual with already an AUD.  

Prevention paradox. The fact that focusing on prevention on high-risk individuals might 

seem the most effective strategy to decrease the burden of disease, but it can have limited 

impact on reducing the overall number of cases of a disease[14]. 

Simpson paradox. A statistical relationship observed in a population that is reversed within 

all of the subgroups that form that population[67]. 

Theory of change. A method explaining how an intervention, or set of interventions, is 

expected to lead to specific development change and outcomes, based on causal pathways 

supported by the available evidence. 

Unit of alcohol. A unit of alcohol is a measure of the amount of pure alcohol in a drink. 

While the concept of unit of alcohol as a way to compare different alcoholic beverages and 

understand their strengths is the same worldwide, the definition of unit changes across 

countries, making it difficult to compare consumption and or guidelines internationally. In 

the UK, 1 unit equals to 8 grammes of pure alcohol, which is also equivalent to 10 millilitres 

of pure ethanol (alcohol)[112]. In other countries ‘unit of alcohol’ is often defined as a 

‘standard drink’. Examples from other countries: in Australia a standard drink is 10 gr or 

12.5ml of pure alcohol; in Canada a standard drink is 13.45 gr or 17.05 ml of pure alcohol. 
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