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Abstract
Background: Undergraduates with higher social anxiety are at greater risk for co-occurring substance misuse, heavier drinking in certain contexts, and more negative alcohol-related consequences. Among undergraduates, alcohol-focused online norms-based interventions provide consistent and cost-effective reductions in alcohol use and related risks. However, research on norms-based interventions for undergraduates with higher social anxiety symptoms is limited, and less is known about the longitudinal impacts of social anxiety symptoms on the efficacy of online, norms-based alcohol interventions. 
Methods: Secondary analyses were conducted on data from a large RCT with undergraduates who reported past-month heavy episodic drinking and were randomized to assessment-only control or norms-based intervention. Generalized linear models tested whether baseline social anxiety symptoms moderated the efficacy of receiving norms-based intervention versus attention control at 3-, 6-, and 12-month follow-up. 
Results: Social anxiety symptoms moderated treatment efficacy on the number of typical drinks consumed and descriptive norms at 3-months, as well as injunctive norms at 3- and 12-months. However, these effects appeared to be primarily driven by the individuals with higher social anxiety symptoms in the attention control group. Overall, norms-based interventions demonstrated efficacy in reducing the number of typical drinks consumed, descriptive and injunctive norms, and negative consequences up to 12 months later, regardless of social anxiety symptoms.
Conclusions: Results demonstrated that online norms-based interventions were similarly efficacious for reducing drinking, negative consequences, and normative beliefs for undergraduates, regardless of social anxiety symptoms. Further, effects were maintained up to 12 months. Thus, existing alcohol-focused brief interventions deliver an efficacious impact even without adaptation for social anxiety-specific concerns. As individuals with higher social anxiety symptoms in the assessment control group demonstrated notable variability in drinking behaviors and beliefs, future research should examine psychosocial factors contributing to this among this high-risk group.
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Are online norms-based alcohol interventions efficacious for college students with higher social anxiety? 
Social anxiety, or the fear of being negatively judged or evaluated by others in social situations, is a frequently reported concern among young adults. Estimated prevalence rates of social anxiety disorder among young adults range from 9.1 to 36% (Jefferies & Ungar, 2020; Kessler et al., 2005; NIMH, 2023), and problems with social anxiety typically onset during late adolescence as youth undergo critical social transitions that define early adulthood (e.g., forming new peer groups, entering new academic or work settings, initiating romantic or sexual relationships; Kessler et al., 2005). Both clinical and subclinical levels of social anxiety symptoms are associated with significant functional impairment, including high rates of co-occurring substance misuse (Fehm et al., 2008). Although trait levels of social anxiety are typically negatively associated with drinking frequency and quantity (Schry & White, 2013), higher levels of social anxiety are positively associated with heavier drinking in certain contexts (e.g., pregaming, intimate or date contexts), particularly among those who endorse drinking to cope or drinking to facilitate socialization (Buckner et al., 2020; Hurd et al., 2020; Terlecki & Buckner, 2015; Walukevich-Dienst et al., 2022). Importantly, even subclinical symptoms of social anxiety are associated with more negative alcohol-related consequences among college students, including impairments in academic and emotional functioning (Villarosa-Hurlocker & Madson, 2020) and alcohol use disorder (Crum & Pratt, 2001). Accordingly, young college-enrolled adults experiencing social anxiety symptoms are a priority group for prevention and intervention via brief alcohol-focused interventions. 
Brief alcohol-focused interventions are evidence-based, short (i.e., ≤5 hours of contact time; Tanner-Smith & Lipsey, 2015), and demonstrate consistent and cost-effective prevention of alcohol-related risks among young adults and undergraduates  (Dotson et al., 2015; Larimer et al., 2004, 2023; Lewis et al., 2007; Neighbors et al., 2004; Tanner-Smith & Lipsey, 2015). Social norms are often a key component of such brief interventions. Social norms, including both descriptive (i.e. perceptions of peer drinking behavior) and injunctive (i.e. perceptions of peer approval of drinking behavior), are consistently strong predictors of drinking behaviors. Furthermore, young adults commonly overestimate their peers’ approval and use of alcohol. Consequently, brief alcohol-focused interventions typically provide psychoeducation to correct baseline misperceptions of drinking norms, or personalized normative feedback (PNF). Modifying normative misperceptions via PNF effectively decreases unhealthy alcohol use and related negative consequences and is posited to be a primary mechanism of behavior change. 
Yet, the associations between social anxiety symptoms, perceived norms, and drinking outcomes are not well understood (Buckner et al., 2011; Ham & Hope, 2005, 2006; LaBrie et al., 2008; Linden et al., 2012; Neighbors et al., 2007). Results from previous research provide conflicting evidence depending on the type of social anxiety endorsed (i.e., interaction fears specifically or social anxiety broadly), type of perceived norms assessed (i.e., injunctive or descriptive), the average amount of drinking reported by the population sampled (i.e., all undergraduates or a subsample who endorse current drinking), the specific drinking outcome examined (i.e., frequency, quantity, heavy episodic drinking), or whether other contributing cognitive factors are tested (e.g., drinking motives). Accordingly, it is unclear whether existing norms-based interventions effectively address the needs of individuals with higher levels of social anxiety, given conflicting evidence regarding their patterns of drinking. For instance, college students with higher social anxiety may be more responsive to norm-correcting feedback given fears of being negatively evaluated or judged for drinking more heavily than their peers (e.g., LaBrie et al., 2008; Neighbors et al., 2007). Alternatively, the briefest versions of norms-based interventions do not include information on addressing negative alcohol consequences that appear to better characterize the drinking patterns of some young adults with higher levels of social anxiety.  
Indeed, there is mixed evidence as to whether online norms-based interventions are similarly efficacious towards reducing risky drinking among undergraduates with higher levels of social anxiety (Terlecki et al., 2011, 2012). Specifically, in one study (Terlecki et al., 2011), undergraduates were randomized to control or a face-to-face Brief Alcohol Screening and Intervention for College Students session (BASICS; Dimeff, 1999), a widely used, brief norms-based intervention that aims to reduce high-risk drinking and associated negative consequences through motivational interviewing and provision of personalized feedback on drinking and descriptive norms. Undergraduates with higher levels of social anxiety (versus lower levels of social anxiety) reported increased alcohol consumption 1-month post-BASICS (Terlecki et al., 2011), in part due to smaller changes in descriptive norms from baseline to follow-up among individuals who received BASICS versus assessment-only control (Terlecki et al., 2012). In fact, changes in descriptive norms moderated the association between baseline social anxiety symptoms and follow-up alcohol consumption, such that higher social anxiety symptoms were positively associated with alcohol consumption at 1-month follow-up among those with smaller (versus larger) changes in descriptive norms (Terlecki et al., 2012). Therefore, further longitudinal investigation into drinking outcomes for young adults with higher social anxiety is warranted to clarify conflicting evidence from cross-sectional literature and initial investigations of norms-based intervention efficacy with short-term follow-up (Terlecki et al., 2011, 2012). 
Present study
The present study sought to build upon prior work by examining the longitudinal impacts of baseline social anxiety symptoms on the efficacy of online, norms-based alcohol intervention up to 12-months post-intervention. We conducted a secondary analysis among a large, multisite sample of undergraduates (N=1,137) who were randomized to one of four online, norms-based interventions or an attention control (for main outcomes see Larimer et al., 2023). We tested whether baseline levels of social anxiety symptoms moderated the association between treatment and control conditions (i.e., norms-based intervention vs. attention control) and changes in typical weekly drinking, alcohol-related negative consequences, descriptive norms, and injunctive norms at 3-, 6-, and 12-month follow-ups. 
Method
Participants and Procedures
We conducted a secondary analysis to examine the moderating effect of social anxiety symptoms on efficacy of norms-based interventions compared to an attention control condition that provided non-alcohol specific feedback. Data collection for the parent study occurred from 2010 to 2011. Detailed procedures are reported in Larimer et al., 2023; below, we briefly describe procedures relevant to the present study. 
A random sample of 5,998 undergraduate students from two West Coast universities were mailed and emailed invitations to participate in a study on alcohol use and college drinking perceptions. Invitations included a link to an online screening survey. Approximately 46.1% of those invited (Campus 1 n=1,521, Campus 2 n=1,246) completed the screening survey and 54.0% (n=1,494) met inclusion criteria for the larger study (i.e., at least one occasion of heavy episodic drinking in the past month; 4+/5+ drinks on a single occasion for females/males). Eligible participants were invited to enroll in the study after completing an online baseline questionnaire that assessed substance use behaviors and related psychosocial factors. Participants were randomized to a minimal assessment control group, an attention control group, or one of the four norms-based intervention conditions, which were delivered online immediately after completion of the baseline assessment. Participants completed follow-up surveys 3-, 6-, and 12-months after baseline. Moreover, the minimal assessment control condition did not complete a 3-month follow-up, so this condition was not included in the present analyses; however, previous research demonstrated that the attention control did not display treatment reactivity when contrasted to the minimal assessment condition (Graupensperger et al., 2022). Thus, the analytic sample (N = 1,137) comprised of 226 participants in the attention control group and 911 participants in the active treatment group (see Table 1).
On average, participants were 20.13 years old (SD=1.36; range 18-24) and 62.2% identified as female. Regarding race and ethnicity, 62.6% identified as non-Hispanic White, 12.1% non-Hispanic Asian, 7.5% non-Hispanic multiracial, 2.2% non-Hispanic Black/African American, 1.6% non-Hispanic Hawaiian/Pacific Islander, and 0.3% non-Hispanic American Indian/Alaskan Native; 1.2% provided their own response. A range of class years were represented (14.6% 1st year, 20.2% 2nd year, 25.6% 3rd year, 39.6% 4th year+). Average adherence across the three follow-up assessments was high (91.2%). All study procedures were approved by the university institutional review boards at both campuses. 
Intervention Conditions 
Attention Control
Participants in the attention control condition viewed generic feedback on non-drinking behaviors (i.e., hours spent texting, downloading music, and playing video games in a typical week) online. Participants viewed a bar graph displaying (a) participant’s own behavior and (b) actual behavior for a typical student on their campus and text describing their percentile rank compared to other students on their campus.
Intervention Conditions
Participants in the intervention conditions received one of four online interventions: (1) descriptive norms only (i.e., text and bar graphs of one’s own drinking behavior, perceived drinking behavior of typical same-gender students, and actual campus-specific drinking norms of typical students + percentile rank), (2) injunctive norms only (i.e., text and bar graphs displaying perceived and actual acceptability of drinking behaviors), (3) both descriptive and injunctive norms, or (3) a multicomponent PFI, which included both descriptive and injunctive norms, as well as alcohol-related psychoeducation (e.g., standard drink size, effects of alcohol at different blood alcohol content levels, protective behavioral strategies) and additional personalized feedback on several domains (e.g., negative consequences, financial costs of drinking, alcohol tolerance). For the present study, we combined the four intervention conditions as they displayed minimal differences in efficacy between conditions (Larimer et al., 2023) and all provided corrective feedback on personal and perceived norms; the combined active intervention conditions will be collectively referred to as “norms-based intervention” hereafter. For a detailed description of each intervention condition, please see Larimer et al., 2023.
Measures
Social Interaction Anxiety Scale  (SIAS; Mattick & Clarke, 1998) was used to assess baseline levels of social anxiety symptoms. The SIAS is a 20-item measure that asks participants to rate the extent to which they experience anxiety related to different social situations measured (from 0=Not at all to 4=Extremely). The current study removed the 3 reverse-scored items, given concerns they detract from validity (Rodebaugh et al., 2011), and summed the scores from the remaining items to produce a total score. Total SIAS scores greater than 28 are indicative of clinically-elevated social anxiety symptoms (Rodebaugh et al., 2011). For the analytic models, the SIAS total score was computed as a total score ranging from 0-4 as this better handles item-level missingness, enhances interpretability, and is otherwise mathematically equivalent to sum scoring within regression models (Widaman & Revelle, 2023). Descriptive statistics (including clinical cutoffs) present the SIAS total score (i.e., 0-68). Internal consistency was excellent in the current sample (α=.94).
An adapted version of the Drinking Norms Rating Form (DNRF; Baer et al., 1991) was used to assess descriptive and injunctive drinking norms at baseline and all follow-ups. Participants reported on their perceptions of the number of drinks consumed on each day of the week by a typical student on their campus (descriptive norms) as well as the number of drinks a typical student on their campus would view as acceptable to consume on each day of the week (Krieger et al., 2016). Responses for each day were summed to create composite scores for descriptive and injunctive norms, respectively. 
At baseline and all follow-ups, typical alcohol quantity was assessed using the Daily Drinking Questionnaire (DDQ; Collins et al., 1985), which asked participants to consider a typical week in the past month, and for each day of the week, report the number of standard drinks they typically consumed. Responses were summed to create a composite score of the total number of standard drinks per week.  
A modified version of the Rutgers Alcohol Problem Index (RAPI) was used to assess the frequency of 25 alcohol-related negative consequences in the past three months (0 = Never to 4 = 10 or more times) at baseline and all follow-ups. Two items were added to the original RAPI, as done in prior work (Geisner et al., 2018): “Drove shortly after having two or more drinks” and “drove shortly after having four or more drinks.” Responses were summed, with higher scores indicating a greater number of negative consequences experienced. For all time points, internal consistency was strong (α = .90–.94).	Comment by KIRSTYN SMITH-LECAVALIER: Right?	Comment by Katherine Walukevich-Dienst: Need to double check this
Data Analytic Strategy
Primary analyses examined the extent to which baseline social anxiety symptoms (measured continuously using the SIAS) moderated the efficacy of norms-based interventions, relative to the attention control using a generalized linear mixed-effects models (GLMM). As we sought to examine the potential moderation at each of the 3-, 6-, and 12-month follow-ups, we specified time as a categorical covariate (i.e., Time 0 = Baseline). The main effect of condition was estimated by a Condition × Time product term that reflects the difference between conditions at a given follow-up, relative to the difference between conditions at baseline, and thereby factors in participants’ starting scores on a given outcome prior to the intervention (i.e., between conditions at a given follow-up among those with SIAS scores of 0). These main effects are already reported (Larimer, 2023), but must be included when adding the three-way interactions testing the extent to which social anxiety moderated treatment efficacy (i.e., significant reductions in alcohol outcomes). These are estimated by the addition of a SIAS × Condition × Time product term, with separate estimates at each follow-up. These three-way interactions reflect the extent to which differences between conditions at a given follow-up relative to differences at baseline vary as a function of social anxiety symptoms. Marginal effects from the three-way interactions were then plotted to aid interpretation (McCabe et al., 2022).
GLMMs account for repeated assessments nested within participants and account for the overdispersed count outcomes ( i.e., Poisson model with additional observation-level random effect to account for overdispersion; Harrison, 2014).[footnoteRef:2] In these models, covariates are connected to outcomes through a natural logarithm link function and coefficients are exponentiated to yield rate ratios (RR), whereby RRs of 1 indicate no effect and RRs smaller or larger than 1 indicate percentage reductions or increases in the outcome, respectively. GLMMs controlled for age, birth sex, and campus, and were fit using the ‘glmmTMB’ package in R (Brooks et al., 2017), and the marginal effects were estimated and plotted using the ‘sjPlot’ package (Lüdecke et al., 2023). [2:  Note that the main outcomes paper (Larimer et al., 2023) used a zero-inflated modeling approach for these outcomes, but this adds numerous complexities to interpreting the interactions estimated herein; thus, we did not use a zero-inflated approach for these secondary analyses.] 

Results
	Descriptive statistics for outcome variables, stratified by condition, are shown in Supplementary Table 1. In an initial step, we fit regression models estimating associations between SIAS scores and baseline drinks per week, baseline negative consequences and baseline perceived norms (Table 1). Social anxiety was inversely associated with baseline drinks per week, indicating those with higher social anxiety reported lower levels of drinking at baseline. However, social anxiety was positively associated with negative consequences (even when controlling for weekly number of drinks), indicating those with higher social anxiety symptoms reported more negative consequences despite drinking less, on average. Social anxiety symptoms were not significantly associated with perceived norms. 
Social Anxiety Moderating Treatment Effects
	The GLMMs shown in Tables 2 and 3 estimated moderation effects of social anxiety symptoms on treatment efficacy. Specifically, the focal estimates in these models are the three-way interactions at each follow-up. We did not interpret the main effects of the intervention (see Larimer et al., 2023 for main outcomes).
	Typical Drinks per Week. Social anxiety symptoms significantly moderated the effect of condition (i.e., treatment vs. assessment only control) on drinks per week, but only significantly so at the three-month follow-up (Table 2). As demonstrated in the upper half of Figure 1, the plotted marginal effects show that those who received a norms-based intervention reported decreases in drinking at 3-months regardless of social anxiety symptoms. However, participants with lower social anxiety symptoms who received attention control saw an initial increase in drinking at 3-months, while participants with higher social anxiety symptoms in the control group exhibited a relatively steep decrease in drinks per week at 3-months. Thus, the moderation effect of social anxiety on treatment efficacy appears driven by the variability in drinking at 3-months among participants who received the attention control. Taken together, it appears that the norms-based intervention was efficacious at reducing typical drinks per week, regardless of social anxiety.  
	Negative Consequences. Social anxiety symptoms did not significantly moderate the effect of intervention on negative consequences at 3-, 6-, or 12-month follow-up (Table 2), as shown in the lower half of Figure 1.
	Descriptive Norms. Social anxiety symptoms significantly moderated the effect of intervention on descriptive norms at 3-months (Table 3).  The plotted marginal effects show that participants who received a norms-based intervention exhibited a decrease in descriptive norms, regardless of the level of social anxiety. Interestingly, participants with higher social anxiety who received attention control also reported a decrease in descriptive norms at 3-months (Figure 2). 
Injunctive Norms. Social anxiety symptoms significantly moderated the effect of condition on injunctive norms at 3- and 12-month follow-up (Table 3). Again, the plotted marginal effects show that participants who received a norms-based intervention exhibited similar decreases in injunctive norms, regardless of social anxiety (Figure 2). Yet, participants who received the attention control demonstrated relative consistency in ratings of injunctive norms but those with higher social anxiety reported a slight decrease in injunctive norms at 3- and 12-months. 
Discussion
The purpose of the present study was to test the moderating effect of social anxiety symptoms on the efficacy of online, norms-based interventions for reducing college student drinking. In contrast to prior work on an in-person norms-based intervention (Terlecki et al., 2011, 2012), results suggest that online norms-based interventions were similarly efficacious for reducing drinking, negative consequences, and normative beliefs for college students, regardless of social anxiety symptoms. The significant moderation effects of social anxiety symptoms observed at 3-month follow-up appeared to be driven largely by variability in drinking outcomes among those who did not receive the norms-based intervention. For example, students with lower levels of social anxiety who received the attention control demonstrated stability or modest increases in drinking/descriptive norms from baseline to 3-months. In contrast, students with higher levels of social anxiety who received the attention control demonstrated decreases in drinking outcomes that were often comparable in size to their peers with similar levels of higher social anxiety who received the active intervention. Overall, online norms-based interventions demonstrated utility in decreasing drinking, normative beliefs, and drinking-related negative consequences among students with higher social anxiety, suggesting that existing brief alcohol-focused interventions delivers an efficacious impact even without adaptation for social anxiety-specific concerns. 
Data from participants with higher social anxiety who did not receive a norms-based intervention provides much needed insight into the longitudinal relationships between social anxiety and drinking norms/behaviors. The naturally occurring variability in drinking outcomes suggests that these individuals may be more susceptible to changing their drinking behaviors and normative beliefs over time, perhaps as a function of experience and context. In line with the theories of self-presentation of social anxiety (Schlenker & Leary, 1982) and social learning (Bandura & Walters, 1977), undergraduates with social anxiety who believe that other students’ drink more than they do may occasionally drink more in an attempt to make a good impression with peers (Buckner & Matthews, 2012; Sharp & Getz, 1996). If these attempts to manage impressions through drinking backfire (i.e., result in negative consequences; Buckner & Matthews, 2012; Martin & Leary, 2001), people may seek to change their drinking behaviors and beliefs to avoid negative consequences and perceived negative judgements from others. For example, college students with higher social anxiety symptoms who reported greater fears of negative evaluation were more likely to report more serious harm reduction protective behavioral strategies (e.g., use a designated driver) and endorsed fewer alcohol-related consequences (Villarosa-Hurlocker et al., 2018). However, changes in drinking depend on contextual factors, for instance, if individuals want to drink to fit in with others or cope with negative emotions, particularly in situations when they are feeling socially anxious, unfamiliar social settings, personal/intimate contexts, or struggling to make strong social connections within a group (Caumiant et al., 2023; Goodman et al., 2018; Graupensperger et al., 2021; Terlecki & Buckner, 2015).
Additionally, norms-based interventions proved efficacious for reducing injunctive norms among all participants. Among undergraduates with higher social anxiety symptoms, injunctive norms (i.e., higher perceived acceptability) are associated with greater drinking (LaBrie et al., 2008) and more alcohol-related negative consequences (Buckner et al., 2011) though results are inconsistent across studies (e.g., Linden et al., 2012). However, higher injunctive norms appear to be a particularly strong predictor of heavy episodic drinking among students with higher social anxiety (Linden et al., 2012). The vast majority of brief interventions for alcohol tend to include descriptive norms, but not injunctive norms  (Miller et al., 2013), even though previous work suggests that incorporating injunctive norms into brief alcohol interventions may improve intervention outcomes (Prince et al., 2015) beyond descriptive-norms only feedback (Larimer et al., 2023). Despite these mixed cross-sectional findings, results from the present study suggest brief norms-based interventions hold value for reducing perceived acceptability of drinking among high-risk individuals, such as those with elevated social anxiety.
Clinical Implications 
The present study found that existing brief online norms-based interventions demonstrated utility for reducing drinking among undergraduates with higher social anxiety. This finding is particularly important for several reasons. First, prior work demonstrated that person-delivered norms-based interventions were not efficacious for reducing drinking for students with higher social anxiety symptoms; thus, it may be useful to continue to explore whether online-delivered norms-intervention produce better outcomes compared to person-delivered interventions and identify mechanisms underlying these differences (e.g., perceived judgement, social interaction). Second, given similar effects on drinking-related outcomes regardless of social anxiety symptoms, it may be unnecessary to include additional integrated treatment components that focus specifically on social anxiety and drinking for online norms-based interventions. Third, existing online norms-based interventions may have an important role in preventing progression to alcohol use disorder among this high-risk group, as some research indicates that people with social anxiety disorder are at particularly high risk for developing an alcohol use disorder (e.g., Buckner et al., 2008; Crum & Pratt, 2001; Rosenström & Torvik, 2023; Torvik et al., 2019). It will be important for future work to test this explicitly. 
However, rates of treatment seeking are relatively low among people who are diagnosed with comorbid social anxiety disorder and alcohol use disorder (e.g., Schneier et al., 2010), and students with higher social anxiety/mood symptoms and hazardous drinking tend to be more interested in seeking treatment for social anxiety/mood symptoms than their drinking (Capron et al., 2018; Tran et al., 2004). Although findings from the present study suggest that existing alcohol-focused, norms-based interventions may be a reasonable and effective starting point to reduce alcohol-related risk, existing online norms-based interventions for alcohol are easily and widely disseminated and may therefore be a possible “point of entry” to additional interventions or resources for co-occurring mental health concerns that impact drinking. It is possible that providing specific tailored resources (e.g., contact information for on-campus mental health services) or optional intervention components (e.g., integrated PFI that concurrently targets drinking and co-occurring mental health problems; Paulus et al., 2021; Lebeaut et al., 2023; Buckner, Zvolensky, et al., 2020) to individuals with higher social anxiety may provide additional broader benefits. 
Limitations and Future Directions
As the current sample was comprised of people who engaged in past-month heavy episodic drinking, results may not generalize to socially anxious students who drink less heavily; thus, researchers should test if findings extend to preventative or earlier intervention. Although 18.5% of our sample reported clinically elevated levels of social anxiety, future work may want to replicate findings among a more clinically severe sample. Further, social anxiety symptoms were assessed at baseline only; it would be prudent for future work to consider whether the variability in social anxiety severity over time also influences drinking outcomes.
Conclusions 
In sum, online, norms-based alcohol-focused interventions demonstrated utility for reducing drinking, negative consequences, and norms among college students with higher social anxiety. Furthermore, individuals with higher social anxiety who did not receive an active intervention demonstrated notable variability in drinking behaviors and beliefs. Future work should consider identifying psychosocial factors contributing to the variability in drinking behaviors/beliefs among undergraduates with higher social anxiety. 
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Table 1. Generalized linear models estimating associations between social anxiety symptoms (SIAS) and alcohol use outcomes at baseline, among all participants. 

	
	
	DRINKS PER WEEK
 (DDQ)
	
	NEGATIVE CONSEQUENCES (RAPI)
	
	PERCEIVED
DESCRIPTIVE NORMS
	
	PERCEIVED
INJUNCTIVE NORMS

	
	
	RR
	95% C.I.
	p
	
	RR
	95% C.I.
	p
	
	RR
	95% C.I.
	p
	
	RR
	95% C.I.
	p

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(Intercept)
	
	28.58
	[13.49, 60.41]
	<.001
	
	10.08
	[3.31, 30.58]
	<.001
	
	21.49
	[13.26, 34.79]
	<.001
	
	20.98
	[12.56, 35]
	<.001

	Age at baseline
	
	0.97
	[0.94, 1.01]
	.111
	
	0.98
	[0.93, 1.03]
	.386
	
	0.99
	[0.97, 1.01]
	.448
	
	1.01
	[0.99, 1.04]
	.320

	Birth Sex (M = 0, F = 1)
	
	0.58
	[0.53, 0.64]
	<.001
	
	0.80
	[0.69, 0.92]
	.002
	
	0.93
	[0.88, 0.99]
	.029
	
	0.87
	[0.81, 0.92]
	<.001

	Campus (Public = 0, Private = 1)
	
	1.06
	[0.96, 1.17]
	.242
	
	1.08
	[0.94, 1.25]
	.290
	
	1.09
	[1.02, 1.16]
	.008
	
	0.99
	[0.93, 1.06]
	.770

	SIAS Score 
	
	0.94
	[0.88, 1.00]
	.044
	
	1.10
	[1.01, 1.2]
	.026
	
	0.99
	[0.95, 1.03]
	.597
	
	1.00
	[0.96, 1.05]
	.823

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Note: SIAS = Social Interaction Anxiety Scale



	
	Table 2. Generalized linear mixed-effects models estimating the extent to which social anxiety symptoms (SIAS) moderate treatment effects of brief norms-based interventions on 3-, 6-, and 12-month follow-up outcomes. 

	
	
	DRINKS PER WEEK (DDQ)
	
	NEGATIVE CONSEQUENCES (RAPI)

	
	
	RR
	95% C.I.
	p
	
	RR
	95% C.I.
	p

	
	
	
	
	
	
	
	
	

	(Intercept)
	
	33.46
	[15.96, 70.17]
	<.001
	
	14.57
	[4.71, 45.09]
	<.001

	Age at baseline
	
	0.95
	[0.92, 0.98]
	.003
	
	0.93
	[0.88, 0.98]
	.004

	Birth Sex (M = 0, F = 1)
	
	0.64
	[0.58, 0.70]
	<.001
	
	0.88
	[0.77, 1.02]
	.088

	Campus (Public = 0, Private = 1)
	
	1.09
	[0.99, 1.20]
	.066
	
	1.15
	[1.00, 1.33]
	.053

	SIAS Score at baseline
	
	0.96
	[0.83, 1.10]
	.532
	
	1.19
	[0.96, 1.47]
	.115

	Time: 3-months
	
	1.28
	[1.16, 1.42]
	<.001
	
	1.12
	[0.96, 1.30]
	.161

	Time: 6-months
	
	1.09
	[0.98, 1.21]
	.115
	
	1.07
	[0.92, 1.25]
	.369

	Time: 12-months
	
	0.97
	[0.87, 1.08]
	.552
	
	1.00
	[0.85, 1.18]
	.968

	Condition (Assessment Only Control = 0, Active Treatment = 1)
	
	1.02
	[0.80, 1.29]
	.897
	
	1.11
	[0.78, 1.60]
	.560

	Two-way Interactions
	
	
	
	
	
	
	
	

	Condition × Time: 3-mo.
	
	0.69
	[0.61, 0.77]
	<.001
	
	0.87
	[0.73, 1.03]
	.103

	Condition × Time: 6-mo.
	
	0.79
	[0.70, 0.89]
	<.001
	
	0.78
	[0.65, 0.93]
	.005

	Condition × Time: 12-mo.
	
	0.80
	[0.71, 0.91]
	<.001
	
	0.80
	[0.67, 0.96]
	.016

	SIAS × Time: 3-mo.
	
	0.80
	[0.74, 0.86]
	<.001
	
	0.92
	[0.84, 1.01]
	.099

	SIAS × Time: 6-mo.
	
	0.94
	[0.88, 1.01]
	.098
	
	1.03
	[0.94, 1.13]
	.518

	SIAS × Time: 12-mo.
	
	1.01
	[0.94, 1.08]
	.882
	
	0.96
	[0.87, 1.06]
	.426

	Condition × SIAS
	
	0.95
	[0.81, 1.11]
	.490
	
	0.89
	[0.70, 1.12]
	.315

	Three-way Interactions
	
	
	
	
	
	
	
	

	SIAS × Condition × Time: 3-mo.
	
	1.23
	[1.14, 1.34]
	<.001
	
	1.10
	[0.99, 1.22]
	.080

	SIAS × Condition ×  Time: 6-mo.
	
	1.07
	[0.99, 1.16]
	.084
	
	1.05
	[0.95, 1.16]
	.337

	SIAS × Condition ×  Time: 12-mo.
	
	1.04
	[0.96, 1.13]
	.311
	
	1.07
	[0.96, 1.19]
	.249

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Note: SIAS = Social Interaction Anxiety Scale; In these models, the main effect is operationalized as a Condition × Time product term; thus, the three-way interactions show the moderation effect of SIAS on treatment efficacy at a given follow-up, relative to baseline.  Refer to Figure 1 for plots of interaction marginal effects.














































	
	Table 3. Generalized linear mixed-effects models estimating the extent to which social anxiety symptoms (SIAS) moderate treatment effects of brief norms-based interventions on 3-, 6-, and 12-month follow-up outcomes. 

	
	
	PERCEIVED 
DESCRIPTIVE NORMS
	
	PERCEIVED
INJUNCTIVE NORMS

	
	
	RR
	95% C.I.
	p
	
	RR
	95% C.I.
	p

	
	
	
	
	
	
	
	
	

	(Intercept)
	
	22.95
	[14.95, 35.23]
	<.001
	
	22.77
	[14.82, 34.97]
	<.001

	Age at baseline
	
	0.98
	[0.96, 1.00]
	.031
	
	1.00
	[0.98, 1.02]
	.875

	Birth Sex (M = 0, F = 1)
	
	0.98
	[0.93, 1.04]
	.491
	
	0.87
	[0.82, 0.92]
	<.001

	Campus (Public = 0, Private = 1)
	
	1.14
	[1.08, 1.21]
	<.001
	
	0.97
	[0.92, 1.03]
	.352

	SIAS Score at baseline
	
	1.06
	[0.97, 1.15]
	.193
	
	1.05
	[0.96, 1.14]
	.262

	Time: 3-months
	
	1.05
	[0.96, 1.15]
	.307
	
	1.14
	[1.06, 1.23]
	<.001

	Time: 6-months
	
	1.02
	[0.92, 1.12]
	.742
	
	1.11
	[1.02, 1.20]
	.010

	Time: 12-months
	
	0.99
	[0.90, 1.09]
	.861
	
	1.16
	[1.07, 1.25]
	<.001

	Condition (AOC = 0, Active Treatment = 1)
	
	1.05
	[0.91, 1.21]
	.530
	
	1.14
	[0.99, 1.31]
	.065

	Two-way Interactions
	
	
	
	
	
	
	
	

	Condition × Time: 3-mo.
	
	0.75
	[0.68, 0.84]
	<.001
	
	0.65
	[0.60, 0.71]
	<.001

	Condition × Time: 6-mo.
	
	0.78
	[0.70, 0.87]
	<.001
	
	0.72
	[0.66, 0.79]
	<.001

	Condition × Time: 12-mo.
	
	0.83
	[0.75, 0.93]
	<.001
	
	0.69
	[0.63, 0.75]
	<.001

	SIAS × Time: 3-mo.
	
	0.89
	[0.84, 0.95]
	<.001
	
	0.92
	[0.88, 0.97]
	.001

	SIAS × Time: 6-mo.
	
	0.95
	[0.89, 1.01]
	.103
	
	0.98
	[0.93, 1.03]
	.406

	SIAS × Time: 12-mo.
	
	0.93
	[0.87, 0.99]
	.023
	
	0.92
	[0.87, 0.97]
	.002

	Condition × SIAS
	
	0.93
	[0.85, 1.02]
	.123
	
	0.95
	[0.87, 1.04]
	.283

	Three-way Interactions
	
	
	
	
	
	
	
	

	SIAS × Condition × Time: 3-mo.
	
	1.11
	[1.04, 1.19]
	.003
	
	1.10
	[1.04, 1.16]
	<.001

	SIAS × Condition ×  Time: 6-mo.
	
	1.04
	[0.97, 1.12]
	.239
	
	1.01
	[0.95, 1.07]
	.709

	SIAS × Condition ×  Time: 12-mo.
	
	1.07
	[0.99, 1.14]
	.070
	
	1.11
	[1.04, 1.17]
	<.001

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Note: SIAS = Social Interaction Anxiety Scale; In these models, the main effect is operationalized as a Condition × Time product term; thus, the three-way interactions show the moderation effect of SIAS on treatment efficacy at a given follow-up, relative to baseline.  Refer to Figure 2 for plots of interaction marginal effects.




	










































	
	Supplementary Table 1. Descriptive statistics stratified by condition. 

	
	
	Attention Only Control
(n = 226)
	
	Norms-Based Intervention
(n = 911)

	
	
	Mean or %
	95% C.I.
	
	Mean or %
	95% C.I.

	Age
	
	20.2
	[20.0, 20.4]
	
	20.1
	[20.0, 20.2]

	Female Birth Sex
	
	63.2%
	[56.5, 69.2]
	
	63.2%
	[60.1, 66.4]

	Baseline SIAS
	
	22.1
	[20.4, 23.8]
	
	23.8
	[22.9, 24.7]

	
	
	
	
	
	
	

	Drinks per Week (Baseline)
	
	12.0
	[10.4, 13.7]
	
	10.7
	[10.1, 11.3]

	Drinks per Week (3-month)
	
	11.8
	[10.2, 13.5]
	
	9.2
	[8.7, 9.8]

	Drinks per Week (6-month)
	
	11.9
	[10.2, 13.6]
	
	9.3
	[8.9, 9.9]

	Drinks per Week (12-month)
	
	11.7
	[9.9, 13.5]
	
	9.0
	[8.4, 9.6]

	
	
	
	
	
	
	

	Consequences (Baseline)
	
	6.7
	[5.6, 7.8]
	
	6.5
	[6.0, 7.0]

	Consequences (3-month)
	
	6.8
	[5.5, 8.1]
	
	6.4
	[5.8, 7.0]

	Consequences (6-month)
	
	7.6
	[6.1, 9.1]
	
	6.0
	[5.5, 6.6]

	Consequences (12-month)
	
	6.3
	[4.8, 7.8]
	
	5.3
	[4.7, 5.8]

	
	
	
	
	
	
	

	Descriptive Norms (Baseline)
	
	18.6
	[17.2, 20.0]
	
	17.4
	[16.8, 18.0]

	Descriptive Norms (3-Month)
	
	16.7
	[15.4, 18.1]
	
	13.4
	[12.8, 13.9]

	Descriptive Norms (6-Month)
	
	17.3
	[15.8, 18.8]
	
	13.4
	[12.9, 13.9]

	Descriptive Norms (12-Month)
	
	16.9
	[15.7, 18.2]
	
	13.9
	[13.4, 14.5]

	
	
	
	
	
	
	

	Injunctive Norms (Baseline)
	
	24.4
	[22.6, 26.1]
	
	24.9
	[23.9, 25.8]

	Injunctive Norms (3-Month)
	
	24.9
	[22.7, 27.0]
	
	18.8
	[18.1, 19.6]

	Injunctive Norms (6-Month)
	
	25.5
	[23.3, 27.8]
	
	19.5
	[18.7, 20.3]

	Injunctive Norms (12-Month)
	
	25.3
	[22.8, 27.8]
	
	20.1
	[19.2, 21.0]

	
	
	
	
	
	
	


Note: SIAS = Social Interaction Anxiety Scale 


	







































Figure 1. Marginal effects plots of the three-way interactions shown in Table 3.
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Description automatically generated]Figure 2. Marginal effects plots of the three-way interactions shown in Table 4.
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