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Abstract
Health risk information alone is insufficient as a means of reducing alcohol use, particularly when it evokes negative emotional states amongst those for whom it is most personally relevant. Appraisal biases, or ‘defensive processing’, may be employed to mitigate the psychological discomfort posed by such information. Few studies have evaluated the role of defensive processing in people with different levels of alcohol consumption. Online participants (n=597) completed measures of defensive processing of a health risk infographic, perceived susceptibility and severity of alcohol use, efficacy for resisting alcohol use, unrealistic optimism, the Alcohol Use Disorder Identification Test – Consumption (AUDIT-C) and demographics. Results showed that AUDIT-C scores were positively and linearly associated with all defensive processing measures (Pearson’s correlation r from .16 to .36), threat and susceptibility (r = .16) and unrealistic optimism (r = .50). AUDIT-C scores were also negatively associated with efficacy for resisting alcohol use (r = -.48). As such, pPeople with alcohol use disorder (AUD) engaged in much more defensive processing of alcohol-related messages, offering an explanation for why such messages are limited at eliciting behaviour change. High levels of unrealistic optimism in people with alcohol use disorder may reflect low problem recognition in order to maintain a problem-free drinking identity. 
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Introduction
[bookmark: _Hlk527540228]Alcohol Use Disorder (AUD) has been defined as regularly drinking above lower risk levels[footnoteRef:2], and is responsible for over 3 million deaths each year (NICE, 2010; WHO, 2018). However, the majority of the health and economic burden of alcohol use results from AUD levels defined as hazardous and harmful (i.e., lower severity AUD), which are not generally considered ‘problematic’ drinking behaviours by people in these groups (Morris, Boness, & Burton, 2023; Smith et al., 2022). As such, most AUD and its associated harms occur amongst people with low or non-clinical levels of alcohol dependence who frame their alcohol use positively, and point to what they perceive as other more extreme forms of ‘problem drinking’ to contrast against their own ‘responsible’ drinking practices (Morris, 2022; Orford et al., 2002; Room, 2005). This practice of othering has been identified across multiple drinking groups (E. Davies et al., 2022; Gough et al., 2019; Melia et al., 2021). For instance, regular home-based drinkers may point to the ‘hedonistic excesses’ of binge drinkers (Larsen et al., 2022; Parke et al., 2018; Wilson et al., 2013), whilst many AUD groups point to the alcoholic other, drawing on extreme stereotypes of dysfunction and ‘rock bottom’ (Khadjesari et al., 2018; Morris, 2022; Schomerus et al., 2011; Wallhed Finn et al., 2014).  [2:  Except within the DSM-5 approach to AUD, which focuses more on a dependence-orientated model of alcohol problems. ] 

To promote individual level behaviour change amongst lower severity AUD groups, non-treatment[footnoteRef:3] interventions need to engage them in ways that not only highlight the health risks of their consumption but also motivate change processes (E. L. Davies et al., 2017; Ferri et al., 2019; Larimer & Cronce, 2002; Morris, Albery, et al., 2021; Wakefield et al., 2017). For instance, simply making people aware of lower risk drinking guidelines has little sustainable effect on drinking behaviours amongst lower severity AUD groups (Ferri et al., 2019; Holmes et al., 2020). Some work has even reported potential iatrogenic effects of increased, rather than decreased, consumption following exposure to alcohol-related health messages (Jessop & Wade, 2008; Moss et al., 2015).  [3:  Treatment interventions are those which typically target people with higher severity AUD/alcohol dependence and include comprehensive assessment and structured support.] 

In isolation, health-related information may be largely ineffective at facilitating sustainable changes in alcohol-related behaviour for several reasons (Hollands et al., 2016; Larimer & Cronce, 2002; Tannenbaum et al., 2015; Wakefield et al., 2010). Notably, qualitative accounts consistently point to how various AUD groups dismiss information such as recommended drinking guidelines because they view their drinking levels as ‘normal’, ‘know their own limits’, and are not actual ‘problem’ drinkers (Burgess et al., 2019; E. L. Davies et al., 2022; Gallage et al., 2020; Garnett et al., 2015; Khadjesari et al., 2018; Larsen et al., 2022; Lovatt et al., 2015; Lyons et al., 2014; O’Donnell et al., 2020; Orford et al., 2002). These accounts suggest how lower severity AUD groups actively resist the personal relevance of alcohol-related risk information when asked to reflect on the potential risks associated with their alcohol consumption. 
However, limited attention has been given as to how personally relevant alcohol-related information may be treated in real world contexts, particularly where more automated thinking processes typically predominate over more reflective ones (Evans & Stanovich, 2013; Hollands et al., 2016; Zerhouni et al., 2018). For instance, lower severity AUD groups may be frequently exposed to a range of informational cues that could indicate risks associated with their level of alcohol use, yet may employ a range of automatic mental processes to avoid, manage or dismiss such information (Brown & Locker, 2009; Morris, Albery, et al., 2021; Moss & Albery, 2009; Zhou & Shapiro, 2017). Accordingly, defensive processing has been identified as a set of cognitive-affective processes in which such information is managed (e.g., message is deemed invalid or personally irrelevant) or avoided (e.g., averting attentional enagement) at a level below conscious awareness (Kessels et al., 2014; Liberman & Chaiken, 1992). 
These cognitively biased evaluations have been examined particularly largely in the context of fear appeal messages designed to evoke changes in health behaviours (Maloney et al., 2011; Tannenbaum et al., 2015), including for AUDs (Brown & Locker, 2009; Pechey et al., 2020; Stead et al., 2019). Fear is an unpleasant affective state that people are motivated to eliminate by employing a variety of defensive processing mechanisms such as avoidance, minimisation or denial[footnoteRef:4] (Maloney et al., 2011; Yzer et al., 2012), thus attenuating the intended effect of the message. It has also been suggested that in the process of judging oneself (e.g., the chances of developing an alcohol problem), people spontaneously evaluate themselves against a prototypical other in a social comparative way (see Goffin & Olson, 2011; Zell et al., 2020). Individuals are motivated to use this comparative approach to resist acknowledging that they are vulnerable or susceptible to future negative health events as a self-serving mechanism to protect themselves against feelings evoked by external threats to one’s self-esteem (McKenna & Albery, 2001; Harris, Griffin & Murray, 2008), including from the threat of a problem drinking identity (Morris, Moss, et al., 2021; van Lettow et al., 2013).  [4:  Here the term ‘denial’ is used as per the relevant defensive processing literature, i.e., as a more automatic process, not as per its common but stereotyped understanding in addiction contexts (Morris, 2022; Pickard, 2016).] 

Whilst there are not clear divisions beween reflective ‘conscious’ and more ‘unsconscious’ automatic processes are not completely separate processes (Melnikoff & Bargh, 2018), defensive processing may be associated with more explicit phenomena indicative of low problem recognition in AUD groups (Morris, Albery, et al., 2021; Smith et al., 2022). For instance, This leads to the common observation that individuals commonly believe state their chances of experiencing negative health outcomes relative to other people to be less for negative events and greater for positive events - labelled unrealistic optimism or optimistic bias (Weinstein, 1980; Shepperd, Klein, Waters & Weinstein, 2013). Similarly, neutralizations are explicit justifications for behaviours that are generally seen as againstcontravene  thea social norm (Peretti-Watel & Moatti, 2006) and have also been identified amongst , including amongst AUD groups (Piacentini et al., 2012). 
 Given that many lower severity AUD groups appear heavily invested in their drinking identities as positive and non-problematic, it follows they may be particularly motivated to defensively process (including unconscious avoidance of) personally relevant information about alcohol risks (Morris, Albery, et al., 2021; So et al., 2017; Zhou & Shapiro, 2017), and relatedly, demonstrate higher levels of unrealistic optimism. However, whilst defensive processing has been observed towards alcohol-related information, we are not aware of any studies that have examined whether and how such processes are related to AUD severity. Perceptions of severity and self-efficacy towards a risk behaviour are known to predict levels of defensive processing (Peters et al., 2013), whilst AUD severity is important for identifying appropriate interventions across the AUD continuum (Morris, Boness, & Witkiewitz, 2023). The present study therefore provided sought to examine key defensive processing related variables via an exploratory analysis of self-efficacy, levels of unrealistic optimism, and defensive processing of a health risk infographic in a sample of drinkers with varying levels of alcohol use disorder. We hypothesised that people with higher alcohol use disorder (as indexed by AUDIT-C) would report decreased self-efficacy and increased unrealistic optimism, and would engage in greater defensive processing of an alcohol health-risk infographic. 

Method
Participants
Participants were invited to complete an online study using Qualtrics software via Facebook advertisements targeting people in England over the age of 18 and via the lead author’s Twitter account. In total, 703 participants accessed the link, 614 of whom completed the questionnaire. Fifteen cases were removed where participants clicked through the manipulation page in less time than required to complete its viewing (detailed in 2.2). Two cases were removed where participants had identified both the no addiction experience and one addiction experience options. A total of 597 participants completed the study and were included in the analyses. 
Participants provided demographic information that identified the sample as 52.9% (n=316) men, 46.4% (n=277) women and <1% other (n=4). The participant mean age was 37.21 (SD=13.58). Eighty-nine per cent (n=532) self-identified as British, 2.5% as American (n=15), 2.3% as Irish (n=14), with the remaining responses (n=36) indicating other nationalities. 
Design and Procedure
The study was an anonymous cross-sectional online questionnaire that included an experimental procedure testing problem framing factors, as reported in Morris et al. (2021). For the present study, we are not reporting on effects of problem framing which were not associated with significant differences in defensive processing across the experimental groups (see Morris, 2020). After accessing the study link, participants were directed to an information page and asked to provide informed consent. Optional demographic information was collected followed by AUD measures (see 2.3.1). Participants were primed to watch a short video and then randomised by the survey platform to one of three manipulation conditions (continuum, Binary Disease Model or control; see Morris et al. 2021) which contained a fictionalised first-person vignette in audio-visual format. Following the video vignette participants were required to correctly answer two questions about its content before being able to continue. Eight participants answered both questions incorrectly and were excluded. Next, beliefs about alcohol problems were assessed via the Problem Drinking Belief Scale (see Morris et al., 2021), followed by presentation of a health risk infographic (see Appendix A). Participants could not click through the infographic page until 30 seconds or more had elapsed. Participants were then required to correctly identify three problems shown in the infographic before being able to continue. Answering incorrectly resulted in participants being asked to view the infographic again. Eleven participants answered incorrectly on the second attempt and were excluded from the study. Participants then completed measures relating to defensive processing of the health risk infographic, past drinking changes, self-relevance, self-efficacy and unrealistic optimism. Addiction experience was assessed before participants were directed to the debriefing page and invited to leave optional contact details to be eligible to win one of two £50 Amazon vouchers. The study design was given ethics approval by London South Bank Univerisity’s School of Applied Sciences Ethics Committee (ethics application number SAS1724).
Measures and stimulus
Demographic questionnaire and alcohol consumption
Participants completed demographic items including age, gender, nationality and employment status and the AUDIT-C (Alcohol Use Disorder Identification Test – Consumption) to quantify alcohol consumption. AUDIT-C items include “How often do you have a drink containing alcohol?”, “How many units of alcohol do you drink on a typical day when you are drinking?” and “How often have you had 6 or more units if female, or 8 or more if male, on a single occasion in the last year?”, with a possible score range of 0-12. AUDIT-C has been found to be of comparable utility to the full AUDIT (Babor et al., 2001) in detecting alcohol use disorders (Dawson et al., 2012) and to distinguish between levels of AUD at different cut-offs (Meneses-Gaya et al., 2010). Harmful drinking has been found to be suitably captured by the UK-adapted version of the AUDIT-C amongst a largely UK-based population (Khadjesari et al., 2017). Thus AUDIT-C scores of ≥8 for women or ≥9 for men were operationalised as harmful drinking with a possible score range of 0-12. In the present study, AUDIT-C was found to have internal reliability of  = .72.
Health risk infographic stimulus
The health risk infographic (see Appendix A) was taken from the World Health Organization resource manual for the AUDIT (Babor et al., 2001) and depicts a simple human body animation diagram indicating the “effects of high-risk drinking”, including physical and mental health conditions, and behavioural problems. The infographic was selected as a simple depiction of alcohol consumption related risks which prior studies have used to assess alcohol-related defensive processing elements (Armitage et al., 2011).
Outcomes: Self-efficacy
Self-efficacy. Alcohol-related self-efficacy was assessed using the Alcohol Resistance Self-Efficacy Scale (Schwarzer & Renner, 2009). The scale presents participants with the stem, “I am certain that I can control myself to...”, followed by three items: “...reduce my alcohol consumption”, “...not to drink any alcohol at all”, and “...drink only at special occasions.” Participants responded on a 4-point Likert scale, rating each item from 1 (Very uncertain) to 4 (Very certain). Their self-efficacy score was calculated as the mean score across the three items. Schwarzer and Renner (2009) found that the scale was correlated with self-reported alcohol drinking six months on (r (810) = -.284) p = .012); current study  = .82. 
Outcomes: Unrealistic optimism
Unrealistic optimism. Participants rated their perceived risk of developing an alcohol problem by responding to the question, “How likely do you think it is that you will develop a drinking-related problem at some time in your life?”. Next, participants reported the perceived risk for an average person by responding to the item, “How likely do you think it is that the average person will develop a drinking related problem at some time in their life?”. Participants responded on a 7-point Likert scale, rating each item from 1 (Extremely likely) to 7 (Extremely unlikely). Items were adapted from studies assessing unrealistic optimism amongst student drinkers (Dillard et al., 2009; Kim & Niederdeppe, 2016). To assess unrealistic optimism, a difference score between self-appraised risk and that attributed to the average person was calculated by subtracting responses to average person’s risk from own risk judgements (M = .34, SD = 1.92) (Kim & Niederdeppe, 2016) (positive values were indicative of perceived decreased risk for the self compared to other - i.e., an optimistic bias). 
Outcomes: Defensive processing of health risk infographic
Message derogation. Participants were asked to rate the perceived credibility of the alcohol-related health risk infographic by responding to four items following the question stem text, “What do you think about the alcohol health risk information you saw (figure 1: right)? Did you think it was…”, with a reduced scale version of the health risk infographic presented to the right of the question text. Participants then responded to the items “Overblown”, “Exaggerated”, “Trying to manipulate my feelings”, and “Trying to stretch the truth” on a 7-point Likert scale, rating each item from 1 (strongly disagree) to 7 (strongly agree), with higher scores indicating a higher degree of message derogation. The scale was adapted from a previous study (Jessop et al., 2009). The present study showed a high internal consistency for the four-item message derogation scale ( = .86).
Defensive avoidance. Participants rated their perceived reaction to the alcohol-related health risk infographic by responding to the question stem, “When I read the alcohol health risk information (figure 1: right) my first reaction was that I did not want to think about it”, with a reduced scale version of the health risk infographic presented to the right of the question text. Participants responded on a 7-point Likert scale, rating each item from 1 (Strongly disagree) to 7 (Strongly agree). The item was adapted from a similar item used by Armitage et al. (2011).
Fear posed by a health risk infographic. Participants rated the perceived fear of the alcohol-related health risk infographic by responding to the question stem, “The alcohol health risk information made me feel” on a 7-point Likert scale, ranging from 1 (Not at all frightened) to 7 (Extremely frightened). The item was adopted from a similar item used by Armitage et al. (2011).
[bookmark: _Hlk129247215]Threat and susceptibility. Participants rated perceived threat and susceptibility to the consequences of risky drinking by responding to three items adapted from a study exploring defensive processing relating to advice about vegetable and fruit consumption (Napper et al., 2014). For perceived threat, participants responded to the question stem, “How serious are the health consequences of regularly exceeding the recommended drinking guidelines of 14 units per week?” by responding on a 7-point Likert scale (1 = Not at all serious to 7 = Extremely serious). For a measure of susceptibility participants responded to the question stem, “My chances of experiencing alcohol-related health problems such as liver damage or some cancers in the future if I regularly drink above the recommended drinking guidelines are…”, responding on a 7-point Likert scale, ranging from 1 (Extremely low) to 7 (Extremely high). Next, participants responded to the question stem, “How likely is it that you will experience poor health in the future if you regularly drink above the recommended drinking guidelines?”, responding on a 7-point Likert scale 1 (Extremely unlikely) to 7 (Extremely likely); present study Cronbach’s  = .85. alpha. A mean score of the three items was calculated for the threat and susceptibility measure (M = 5.31, SD = 1.22). This measure was inverse coded prior to analysis as higher greater perceived threat and suseptability indicate lower defensive processing. 
Outcomes: Threat and susceptibility ratings for a health risk infographic
Threat and susceptibility. Participants rated perceived threat and susceptibility to the consequences of risky drinking by responding to three items adapted from a study exploring defensive processing relating to advice about vegetable and fruit consumption (Napper et al., 2014). For perceived threat, participants responded to the question stem, “How serious are the health consequences of regularly exceeding the recommended drinking guidelines of 14 units per week?” by responding on a 7-point Likert scale (1 = Not at all serious to 7 = Extremely serious). For a measure of susceptibility participants responded to the question stem, “My chances of experiencing alcohol-related health problems such as liver damage or some cancers in the future if I regularly drink above the recommended drinking guidelines are…”, responding on a 7-point Likert scale, ranging from 1 (Extremely low) to 7 (Extremely high). Next, participants responded to the question stem, “How likely is it that you will experience poor health in the future if you regularly drink above the recommended drinking guidelines?”, responding on a 7-point Likert scale 1 (Extremely unlikely) to 7 (Extremely likely); present study Cronbach’s  = .85. alpha. A mean score of the three items was calculated for the threat and susceptibility measure (M = 5.31, SD = 1.22) as per Napper et al (Napper et al., 2014). This measure was inverse coded prior to analysis as higher perceived threat and susceptability indicate lower defensive processing. 

Analysis Plan  
The mice package in R version 4.2 was used for multiple imputation of missing covariate data, using five iterations (van Buuren & Groothuis-Oudshoorn, 2011). For interpretability, all outcomes were standardised into z-scores (subtracting the mean and then dividing by standard deviation). Using linear regression, we estimated the association of alcohol consumption, as measured by AUDIT-C score, with (i) self-efficacy, (ii) unrealistic optimism, and (iii) each of the four defensive processing outcomes: message derogation, defensive avoidance, fear, and threat/susceptibility. Regression models were performed with and without adjustment for sex and occupation as categorical covariates and age as a linear continuous covariate. Regression coefficients for the association of AUDIT-C with each outcomes were reported alongside 95% confidence intervals (95% CIs) and Pearson’s correlation coefficient. We hypothesised that, on average, people who consumed more alcohol (i.e., have higher AUDIT-C scores) would have lower self-efficacy but higher unrealistic optimism and defensive processing.
Using the unadjusted regression models described above, we estimated the mean value of each outcome across the full range of AUDIT-C scores from 1 to 12. 
Results
Self-efficacy
[bookmark: _Hlk513024565]Self-efficacy declined linearly as alcohol consumption increases, such that self-efficacy is -1.54 standard deviations (SDs) lower among those with the highest versus the lowest AUDIT-C scores (Figure 1). Unadjusted regression results show that for every unit increase in AUDIT-C, self-efficacy falls by -0.17 SDs (95%CI, -0.20 to -0.14; r = -.48). After covariate adjustment, the association was estimated at -0.18 SDs (95%CI, -0.20 to -0.15; r = .46). Table 1 shows adjusted and unadjusted regression results alongside correlation coefficients. 
Unrealistic optimism
Conversely, unrealistic optimism increases linearly with alcohol consumption such that unrealistic optimism is 2.03 SDs higher among those with the highest versus the lowest AUDIT-C scores (Figure 2). Unadjusted regression results show that for every unit increase in AUDIT-C, unrealistic optimism increases by 0.18 SDs (95%CI, 0.16 to 0.21; r = .50). After covariate adjustment, the association remained unchanged at 0.19 SDs (95%CI, 0.16 to 0.21; r = .50). Adjusted and unadjusted regression results are presented alongside correlation coefficients in Table 1. 
Defensive processing
People with higher alcohol consumption showed greater levels of defensive processing across all four measures: message derogation, defensive avoidance, fear, and inverse-coded threat/susceptibility (Figure 3). Linear regression results showed that the size of associations between alcohol consumption and defensive processing spanned from 0.06 SDs per unit of AUDIT-C (correlation of r = .15) for message derogation to 0.13 SDs (r = .36) for defensive avoidance. All associations remained after covariate adjustment, as shown in Table 1. 
Threat and susceptibility
People with higher alcohol consumption showed greater levels of inverse-coded threat/susceptibility (Figure 4). Unadjusted regression results show that for every unit increase in AUDIT-C, threat/susceptibility rises by 0.06 SDs (95%CI, -0.03 to -0.09; r = -.16). After covariate adjustment, the association was estimated at 0.09 SDs (95%CI, 0.06 to 0.12; r = .24). All associations remained after covariate adjustment, as shown in Table 1. 

Figure 1. Self-efficacy across levels of alcohol consumption (AUDIT-C). Points (+) represent mean standardised self-efficacy score at each level of AUDIT-C. The line represents the fitted values from a linear regression. r is the Pearson’s correlation coefficient.
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Figure 2. Unrealistic optimism across levels of alcohol consumption (AUDIT-C). Points (+) represent mean standardised unrealistic optimism score at each level of AUDIT-C. The line represents the fitted values from a linear regression. r is the Pearson’s correlation coefficient.
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Figure 3. Defensive processing across levels of alcohol consumption (AUDIT-C).  Points (+) represent mean standardised outcome score at each level of AUDIT-C. The lines represents the fitted values from a linear regression. r is the Pearson’s correlation coefficient.
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Figure 4. Threat/susceptibility across levels of alcohol consumption (AUDIT-C).  Points (+) represent mean standardised outcome score at each level of AUDIT-C. The lines represents the fitted values from a linear regression. r is the Pearson’s correlation coefficient.
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Table 1. Associations of alcohol consumption (AUDIT-C) with self-efficacy, unrealistic optimism, and defensive processing outcomes. 
	
	Unadjusted association with AUDIT-C*
	Adjusted association with AUDIT-C*

	Outcome
	B
	95%CI
	r
	B
	95%CI
	r

	Self-efficacy
	-0.18
	-0.20 to -0.15
	-.48
	-0.17
	-0.20 to -0.14
	-.46

	Unrealistic optimism
	0.18
	 0.16 to  0.21
	.50
	0.19
	 0.16 to  0.21
	.50

	Defensive processing
	
	
	
	
	
	

		Message derogation
	0.06
	 0.03 to  0.09
	.15
	0.07
	 0.05 to  0.10
	.20

		Defensive avoidance
	0.13
	 0.10 to  0.16
	.36
	0.13
	 0.10 to  0.16
	.36

		Fear
	0.08
	 0.04 to  0.11
	.20
	0.06
	 0.03 to  0.09
	.15

	Threat/susceptabilitysusceptibility (inv)
	0.06
	 0.03 to  0.09
	.16
	0.09
	 0.06 to  0.12
	.24


B = Standardised mean difference in outcome per unit of AUDIT-C. 95% CI = 95% confidence interval. r = Pearson’s correlation coefficient.  
* From regression models with AUDIT-C as a linear predictor, before and after adjustment for demographic covariates (age, sex, and occupation). Data came from 597 participants. 


Discussion
The higher an individual’s alcohol consumption, the more they tended to engage in defensive processing when exposed to an infographic highlighting the harms of high-risk drinking. Participants with higher alcohol consumption derogated the infographic’s message more harshly, tried to avoid thinking about its content, expressed more fear, and judged themselves to be less susceptible to consequences of drinking at harmful levels. In addition, the higher a person’s alcohol consumption, the lower their self-efficacy, indicating that those with higher consumption felt less confident to control their drinking behaviour. Higher levels of alcohol consumption were also strongly associated with greater unrealistic optimism about personally experiencing alcohol-related harm relative to the average drinker. Taken together, these results show that the heavier a person’s alcohol consumption, the less confident they are in their ability to control their drinking, the more they avoid engaging with personally relevant messages, and the less likely they are to accurately appraise the negative consequences of their alcohol consumption. Thus, these findings highlight the importance of AUD severity in understanding defensive processing responses to personally relevant but threatendingthreatening alcohol-related information, and similarly the association with self-efficacy and unrealistic optimism by AUD severity (as measured by AUDIT-C in the present study).
These findings are particularly important in terms of highlighting the limitations of promoting alcohol-related health risk information owing to the paradox that the more personally relevant (i.e., the higher the level of consumption), the more defensive processing is utilised to avoid contemplating the message content. These results are consistent with models such as the Extended Parallel Process Model (EPPM; Witte, 1992) which emphasise efficacy as central in determining whether defensive processing or behavioural responses are engaged. Namely, low self-efficacy represents beliefs that the drinking behaviour cannot be controlled, and thus defensive processing is employed to remove the state of fear or anxiety invoked by personally relevant information (So et al., 2016). The strong negative association between self-efficacy and consumption likely reflects the degree to which beliefs about ‘loss of control’ are part of perceptions and experiences of alcohol problems (Morris, Boness, & Burton, 2023; Spada & Wells, 2010). As such, low self-efficacy amongst heavier drinkers may mediate the effect of defensive processing to control fear or anxiety invoked by personally relevant information which should be addressed by future experimental studies[footnoteRef:5].  [5:  Supplementary Figure 1 indicates no strong moderating effect of self-efficacy on the observed effects. However owing to the study design and exploratory nature of the analysis we suggestion caution in interpreting these results.] 

The large effect size found for unrealistic optimism may represent the well-documented phenomenon of othering amongst people with lower severity AUD (Morris, Moss, et al., 2021). When asked to rate their own risk of alcohol harms versus the average person, the higher the AUDIT-C score, the more unrealistic optimism participants showed. Notably, assessing unrealistic optimism requires a more conscious reflection of the individual's risk (versus the average person’s risk) than the more implicit processes captured via defensive processing measures. Thus, people with harmful levels of drinking (who do not currently identify as having an alcohol problem) appear strongly motivated to emphasise their own alcohol use as non-problematic compared to others. As such, drawing on more extreme characterizations of alcohol problems (i.e., othering) serves as a rationalisation to maintain unrealistic optimism about personal susceptibility. In the context of AUD, othering has also been attributed to the heavy stigma associated with a problem drinking identity, with people drawing on extreme stereotypes of the ‘alcoholic other’ to distinguish their own ‘responsible’ drinking (Morris, Moss, et al., 2021; Morris & Schomerus, 2023). As such, in addition to health consequences of heavy drinking, stigma may be an additional driver of fear or anxiety (Speerforck et al., 2017) and, in turn, defensive processing and unrealistic optimism biases. 
These findings have particular significance for policy makers and stakeholders seeking to influence drinking behaviours via communicating alcohol-related risk messages. For example, many public health groups call for mandatory labelling of alcohol products to include health warning, nutritional information and unit content, which is currently voluntary in the UK. Whilst important to provide consumers with adequate and easy to access information, such messages are unlikely to change behaviour, particularly as AUD severity increases. Our, which our findings suggest this is at least partially due to defensive processing and common unrealistic optimism biases evident amongst AUD groups which hinder problem recognition processes (Morris, Albery, et al., 2021). This supports broader evidence for modifying environmental factors, particularly price, availability and marketing, as the most effective approaches to reducing alcohol consumption (Burton et al., 2017; Morris, Rose, Cox, et al., 2023; Williams et al., 2018). 
Attempts to modify alcohol-related behaviours via health risk information must take account of the importance of various factors, particularly self-efficacy, that can affect how such information is appraised and its consequences for behaviour, including potential unintended consequences (Jessop & Wade, 2008; Moss et al., 2015). A conceptual framework for enhancing problem recognition amongst harmful drinkers identifies potential key factors for further empirical testing (Morris, Albery, et al., 2021). This model has some support concerning the potential value of promoting continuum beliefs in enhancing problem recognition amongst harmful drinkers (Morris et al., 2020). Indeed, continuum beliefs likely function to reduce perceived differences between ‘problem’ and ‘non-problem’ drinkers, thus increasing personal relevance and acceptability of non-abstinent recovery, and reducing stigma-related threats (Morris, Boness, & Witkiewitz, 2023). Findings in the present study also support a continuum model of alcohol use and harms since there were no ‘cut-off’ points at which defensive processing and related factors occurred, rather than clear linear associations with AUD severity. Continuum beliefs are likely to be best enhanced via exposure to narratives that relay the viability of drinking reduction reduction goals and challenge stereotypes associated with the alcoholic other (Morris et al., 2022; van Lettow et al., 2013).
A number of limitations to this study are important to consider. Notably, these analyses were exploratory and cannot provide evidence of the directional role of the associations found. Participants recruited via social media may not be representative of the general population, thus generalisability may be limited. Respondents to online questionnaires also inevitably vary in the level of effort and engagement with the survey (Huang et al., 2012), though the survey included attention checks to maximise engagementwhich resulted in eight responses being removed for failing to answer the attention check question twice. 
We recommend expanding this work, including confirmatory examination of the present findings. Additionally, further work should examine anxiety, which has been proposed as a significantly over-looked affective driver of defensive processing (So et al., 2016), and may be particularly important in the context of alcohol-related risk information. This work should include development of a robust theoretical model that accounts for the specific mediating or moderating roles of these variables. For instance, Morris and colleagues (Morris, Albery, et al., 2021) have proposed a theoretical model for identifying problem recognition factors amongst AUD groups which builds on existing parallel processing models to predict how defensive processes may undermine problem recognition, including for example, when self-efficacy is low.
Conclusion
This study points to a strong linear association between higher alcohol consumption and higher defensive processing of personally relevant health-risk information. Higher alcohol consumption was also strongly associated with lower self-efficacy and higher unrealistic optimism. These findings highlight the importance of recognising the limitations of messages that seek to change alcohol-related behaviour, and the extent to which people with AUD apply optimism biases – particuarly as AUD severity increases – to avoid acknowledging their personal susceptibility to alcohol-related harms. Relevant models indicate the importance of enhancing self-efficacy and continuum beliefs as possible responses to maximise the potential for problem recognition and behaviour change responses. These should be conveyed via relatable narratives that address the absence of relatable drinking prototypes that include the viability drinking reduction goals. 
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