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Background: Investigations examining the association between pregaming, or the consumption of alcohol prior to attending a social gathering or drinking establishment, and blood alcohol concentrations (BAC) have primarily relied on estimations (i.e., Widmark equation), rather than objective biologic samples, such as breath alcohol concentration (BrAC). Objectives: The current study assessed: (1) pregaming, using quantity-based measures, among a sample of college and non-college affiliated bar patrons, (2) associations between pregaming intensity/status and participant intoxication (BrAC), and (3) whether participants who pregamed were more likely to identify as a hazardous drinker. Methods: 548 bar patrons provided data on the Alcohol Use Disorders Identification Test-Consumption (AUDIT-C) and a single pregaming item assessing quantity of alcohol consumed prior to visiting a bar/restaurant district in 2015. BrAC samples were collected post interview. We used hierarchical linear regression models, respectively, to assess whether pregaming significantly impacted BrAC and whether presence of hazardous drinking predicted pregaming behavior. Results After controlling for sex, race/ethnicity, age, student status, and Greek affiliation, the linear regression model explained 32.3% (R2 =.323) of the variance of BrAC levels (F(12)= 21.162, p<0.001), with 4.30% of the variance explained solely by pregaming (β =0.014; p<0.001). The linear regression model to assess if harzardous drinking behavior (AUDIT-C) significantly predicted pregaming explained 31.2% (R2 =.312) of the variance of pregaming behavior (F(18)= 13.276, p<0.001), with 4.2% of the variance explained solely by AUDIT-C scores (β =0.280; p<0.001).  Conclusion: Findings further highlight pregaming as a harmful risk behavior linked to elevated levels of hazardous drinking and intoxication. 
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Introduction
Pregaming (also referred to as preloading, predrinking, front-loading, and prepartying) entails consuming alcohol prior to attending a social gathering or drinking establishment (Foster & Ferguson, 2014; Pedersen & LaBrie, 2007). Typically, pregaming is characterized by rapid consumption of alcohol at a non-licensed venue (e.g., house/apartment) before attending an event, social gathering, nightclub, or bar (DeJong, DeRicco, & Schneider, 2010). Pregaming has been linked to increased risk taking, elevated alcohol consumption, and greater levels of intoxication (Barry, Stellefson, Piazza-Gardner, Chaney, & Dodd, 2013; Foster & Ferguson, 2014; Labhart, Graham, Wells, & Kuntsche, 2013; O'Rourke, Ferris, & Devaney, 2016; Santos, Paes, Sanudo, & Sanchez, 2015). In addition to being associated with high quantity alcohol consumption, pregaming is associated with living on or around college campuses (Barry, Stellefson, et al., 2013; Miller, Borsari, Fernandez, Yurasek, & Hustad, 2016; O'Rourke et al., 2016). Although much of the work on pregaming has taken place in the United States (U.S.) among those living around college campuses (including mostly college student drinkers), it is not an isolated behavior, but a global concern and part of the wider drinking culture (Foster & Ferguson, 2014). International researchers have worked to better understand the behavior and specific related consequences among populations within the nighttime economy (i.e. pubs, bars and night clubs) (Hughes, Anderson, Morleo & Bellis, 2007; Foster & Ferguson, 2014; Barton & Husk, 2012). 
The link between pregaming and adverse consequences on college campuses is well established in the U.S. However, there exist several noteworthy limitations: (1) Most studies assess pregaming with non-quantity based measures, e.g., “Did you drink alcohol prior to going out tonight?” or “On any occasion in the last 12 months, have you purchased liquor to drink before going to a licensed premises such as a pub, hotel or nightclub?”(Barry, Stellefson, et al., 2013; O'Rourke et al., 2016); (2) Previous studies employ self-reported measures of intoxication and alcohol consumption, with very few assessing the relationship between pregaming and indicators of being a hazardous drinker (Barry, Stellefson, et al., 2013); (3) A majority of investigations conducted in the United States examine pregaming among college students, and fail to compare pregaming habits of collegiate versus non-collegiate samples (Barry, Stellefson, et al., 2013; Borsari et al., 2007; Borsari, Merrill, Yurasek, Miller, & Carey, 2016; DeJong et al., 2010; Labhart, Ferris, Winstock, & Kuntsche, 2017; LaBrie, Earle, Hummer, & Boyle, 2016; Zamboanga & Olthuis, 2016); (4) It is unclear if certain demographic factors (i.e. sex, age, student status, Greek affiliation), which predict hazardous alcohol use among college students (Read, Beattie, Chamberlain, & Merrill, 2008), are also predictors of pregaming behaviors. Consequently, investigations (a) including quantity-based measures of pregaming, (b) using objective measures of intoxication level, and (c) comparing non-collegiate populations to collegians, would provide a novel contribution to the pregaming literature.  
 Current Investigation

This paper addresses three research questions: (1) What is the frequency of drinks being consumed during pregaming, assessed by demographic characteristics of respondents (sex, age, race, student status and Greek affiliation)?; (2) Does pregaming account for a significant portion of the variance in respondent’s BrAC levels?; and, (3) Does being identified as a harzardous drinker predict pregaming status among respondents? 
Methods
Data collection
Data collection methods employed for this investigation replicate those used in previous field-based studies conducted by Barry et al.(2013) and Chaney et al.(2016). After receiving IRB approval (UMCIRB 13-001628), two in-person field studies were conducted between 11:00pm to 2:00am in fall 2015 in the bar and restaurant district of a southeastern college community. Trained research personnel collected anonymous data from entering and exiting patrons via intercept interviews on the public sidewalks. Teams of data collectors solicited participation from bar patrons entering or exiting the drinking establishments throughout the data collection evening, which captured data from those at the beginning, middle and end of their night. Respondents were included in the study if they (1) were patrons of the drinking establishments, (2) indicated being 18 years of age or older, and (3) verbally consented to participate. To reduce inflation of BrAC readings taken during the intercept interview, participants who had consumed alcohol within the past ten minutes were provided with a 3-ounce cup of water to rinse the mouth of residual alcohol before measuring and recording the BrAC sample.  Similar to procedures used by Thombs et al. (2009), participants were given a “walk-away” card outlining information for local transportation services, resources for alcohol problems, and relevant contact information.
Measures  
	Pregaming was measured with one quantity-based item: “How many drinks did you consume before coming out to the bar district tonight (at a private venue)?” Response options included “none, 1 or 2, 3 or 4, 5 or 6, 7 to 9, 10 or more”. For the hierarchical regression analyses, responses to the quantitative variable were treated as continuous.   
To assess signs of high risk/hazardous drinking, AUDIT-C (Bush, Kivlahan, McDonnell, Fihn, & Bradley, 1998) items were used to measure frequency of drinking alcohol (“How often do you have a drink containing alcohol?”), quantity of drinks consumed when drinking occurs (“How many standard drinks containing alcohol do you have on a typical day?”), and binge drinking behaviors (“How often do you have six or more drinks on one occasion?”). Response options are coded 0-4 for each of the three items, with lower scores indicating less alcohol consumption. Cumulative scores on the AUDIT-C can range from 0-12. Sum score responses were treated as continuous in the regression analyses. 
BrAC samples were collected via the Alco-Sensor IV, a handheld breath alcohol testing device manufactured by Intoximeters, Inc. The fuel cell-based device provides highly accurate and precise evidential grade results and was re-calibrated prior to the field studies to ensure a valid reading. In order to ensure BrAC measurements were not inflated with residual alcohol in the mouth, participants who indicated consuming alcohol eight minutes prior to participating in the interview were asked to rinse their mouth with water before providing the BrAC sample (Wright & Cameron, 1998). Additionally, Sorbello and colleagues (2018) conducted a psychometric evaluation of similar hand-held devices and found them to be accurate and reliable after about 5 minutes of consumption.
Data analysis
	Using SPSS (v.24), researchers computed descriptive statistics to summarize participant characteristics and to describe the extent to which participants pregamed. Researchers conducted 2-step hierarchical linear regression to determine if pregaming status significantly impacted one’s BrAC, controlling for sex, race/ethnicity, age (recoded as a dichotomous variable – under 21 and above 21 years), student status, and Greek affiliation. Next, a hierarchical regression model was tested to evaluate if hazardous drinking predicted one’s pregaming behavior, again controlling for demographics. Additionally, Poisson regression analyses were conducted using SPSS v 24 to confirm the results of the linear regression models. 
Results 
Participants’ characteristics 
	A sample of 548 bar patrons were recruited across two evenings. Respondents ranged in age from 18 to 48 years old (mean=21.6 years, SD=3.5 years), with most respondents falling between the ages of 18 to 22 years (n=408; 74.5%). A majority identified as White (70.5%) males (62.2%); however, Black (14.8%), Hispanic (5.8%) and Asian (1.3%) respondents were also represented. Most participants were currently enrolled in college (79.4%). Furthermore, 58.8% (n=322) of the self-reported drinkers were classified as hazardous drinkers with signs of a possible AUD, based on the AUDIT-C gender thresholds (M=4.3, SD=2.502, range= 0-12). Roughly 47% of respondents (n=260) recorded a BrAC of 0.08 or above, while the average BrAC reading was 0.070 (SD=0.0531). Ninety-three (~3%) respondents recorded a BrAC reading of 0.00. Approximately 79% (n=432) of participants were pregamers, with 18.7% (n=102) consuming 1 or 2 drinks, 19% (n=104) consuming 3 or 4 drinks, 14.5% (n=79) consuming 5 or 6 drinks, 15.4% (n=84) consuming 7 to 9 drinks, and 11.5% (n=63) consuming 10 or more drinks prior to going to the bar district. Of those who pregamed (n=432), 49.8% were male, 79.4% were college students, 67.8% were above 21 years old, and 20.8% were affiliated with a college Greek association. 
Pregaming behavior and BrAC
Hierarchical linear regression results indicated that BrAC was impacted by pregaming behavior of the respondent, while controlling for several demographic covariates.  Specifically, the regression results show that for every unit increase (1 drink) for pregaming behavior, there was a 0.014 increase in BrAC reading. This is a plausible result showing that higher levels of pregaming resulted in higher BrAC levels for participants. Table 1 shows the results of the multiple linear regression. 
Indications of hazardous drinking behavior and pregaming behavior
	Hierarchical linear regression was conducted to evaluate if participant alcohol-related behaviors and other demographic factors impacted the levels of pregaming behavior.  The size of the beta coefficient in the regression analysis revealed a statistically significant, positive relationship between hazardous drinking behavior and pregaming, with an additional 0.28 pre-drinks per point in the AUDIT-C scale. Table 2 provides the results of the regression analysis.
	Confirmation of linear regression results
	Poisson regression analyses confirmed the results of the hierarchical linear regression models discussed above, in terms of identifying statistically significant predictors of pregaming behavior and BrAC levels. Of particular note, this analysis confirmed that for each unit increase on the AUDIT-C scale (measuring hazardous drinking behavior), ~0.29 (95% CI, 0.293-0.493)  times more drinks were consumed during pregaming, a statistically significant result, p<0.00. In addition, for each unit increase in BrAC measure, ~0.23 (95% CI, 0.227-0.538) times more drinks were consumed during pregaming, which was also a statistically significant result, p<0.00.
Discussion
Among the current sample of people visiting a restaurant/bar district in a college/university town, pregaming seemed to be the norm, with nearly 80% of participants reporting some level of pregaming. This is slightly higher than rates previously published for the general college student population (Read, Merrill, & Bytschkow, 2010). On average, participants most commonly consumed at least 3 to 4 drinks prior to going out, and several factors were associated with increased pregaming behavior. Specifically, identifying as male, Black, and higher hazardous drinking scores (based on the AUDIT-C) were significant predictors of higher pregaming alcohol quantities. Consistent with previous studies (Merrill, Vermont, Bachrach, & Read, 2013; Pedersen & LaBrie, 2007), results also showed that males were more heavily engaged in pregaming than females. While our results are in line with some prior research, it should be noted that others contend college males and females are equally likely to engage in pregaming behaviors (Borsari et al., 2007; Read et al., 2010).  This study also showed that Black respondents were more likely to engage in higher levels of pregaming on the drinking day than other racial/ethnic groups. Barnett and colleague (2013) assessed pregaming predictors among college students using day- and week-level measurements, and the results indicated that racial/ethnic minority groups (including Black respondents) were more likely to pregame compared to non-Hispanic White respondents; however, more research with non-college drinkers is warranted. Furthermore, results revealed that hazardous drinking scores were positively associated with higher levels of pregaming. While college students who pregame generally reach higher levels of intoxication and report higher AUDIT-C scores (Ahmed, Hustad, LaSalle, & Borsari, 2014), it is important to note that this finding was limited to a college student community and thus offers few implications for drinkers living in non-college student communities. 
Greek affiliation was a significant predictor of BrAC levels among participants, which is consistent with prior research identifying Greek students as a high-risk drinking group (Barry, 2007).  However, while being of legal drinking age was a significant predictor of BrAC levels, it was not a significant predictor of pregaming behavior. Past research has also been inconsistent with respect to how pregaming varies between underage and legal age drinkers. While some assert underage drinkers are more likely to pregame given their limited ability to purchase alcohol at licensed venues (Read et al., 2010), our findings run counter to this notion, with no significant differences being captured between age groups for pregaming behavior.  Zamboanga and colleagues (2013) similarly report legal age students as being more likely to pregame at higher rates than underage students before heading to a bar (versus a Greek party or another location). Our findings support both Read et al. (2010) and Pedersen et al. (2009), who found no differences in the extent or frequency of pregaming between underage and of-age drinkers. However, with these inconsistencies, more research looking at differences between underage and legal age pregaming drinking behaviors with college and non-college student populations is needed. 
Pregaming was also significantly associated with BrAC, as pregaming levels were positively associated with BrAC levels after controlling for demographics. This is consistent with prior research documenting higher alcohol consumption among pregamers (Barry, Stellefson, et al., 2013; Pedersen & LaBrie, 2007). As such, these results support that pregamers are more intoxicated during the evening hours as compared to non-pregamers (Barry, Stellefson, et al., 2013; DeJong et al., 2010). However, this study sample comprised both college and non-college students and points to pregaming as a potential risk behavior independent of college status and highlights the need for further investigation on the role that college affiliation (or lack thereof) plays with respect to unique pregaming behaviors (Barry, Stellefson, et al., 2013).
Limitations
Generalization of the findings is limited by the single geographic location and non-probability sampling, which resulted in a disproportionately higher number of White males present in a single college town. The reliability of self-report data from intoxicated participants may be a concern; however, previous research supports reliability of self-report data from those consuming alcohol (even intoxicated individuals) (Barry, Chaney, & Stellefson, 2013; Celio, Vetter-O'Hagan, Lisman, Johansen, & Spear, 2011). The brevity of the intercept interview limited the researchers’ ability to ask addition questions related to the context of pregaming (i.e., how long the participant pregamed, where they pregamed, and when they pregamed). In addition, the variable of time when the BrAC test was administered for each participant is not included in this study, and this is a limitation due to the fact that BrAC levels tend to increase as time progresses during the evening (Cameron, Roskruge, Droste & Miller, 2018). Therefore, further investigations fleshing out the context, extent, and severity of pregaming are warranted.  
Conclusion
Pregaming was found to be common among college-enrolled and non-college affiliated community members alike. Given that limited research has used quantity-based measures to assess pregaming behavior, it is difficult to say whether this sample consumed more drinks while pregaming than others; however, consuming at least 3-4 drinks prior to going out to a setting where more alcohol will be consumed – as the majority of our sample did – represents a significant and noteworthy threat to public health, especially in campus communities.  In particular, pregaming has been linked to a number of negative consequences and unhealthy behaviors, including violence (Miller et al., 2016; Pedersen & LaBrie, 2007), neglecting responsibilities (Pedersen & LaBrie, 2007), missing a day of school/work (Pedersen & LaBrie, 2007), hangovers (Pedersen & LaBrie, 2007), blackouts (Merrill, Vermont, Bachrach & Read, 2013), and overall higher levels of alcohol consequences and problems (Paves, Pedersen, Hummer, LaBrie, 2012). The relationship between pregaming and these consequences highlight the potentially problematic nature of the behavior. 
Pregaming also has clear traffic safety implications, as driving abilities are negatively impacted at relatively low BrAC levels, including levels well below the current per se limit of 0.08% in the United States.  In recognition of the negative impact of alcohol on driving, Utah was the first American state to approve the enactment of a 0.05% limit for all drivers as of December 30, 2018 (Price, 2017).  Considering our finding that pregaming leads to higher BrAC levels in unison with research which contends (a) drinkers with the highest measured BrACs underestimated their intoxication level more than less impaired persons (Rossheim et al., 2017), and (b) legally intoxicated drinkers express confidence in their ability to operate a motor vehicle (Rossheim et al., 2015), pregaming behavior should be identified as a risk factor for deleterious alcohol-related consequences. Though we are unaware of any evidence-based interventions targeting the prevention and reduction of pregaming behaviors, and/or minimizing adverse consequences of pregaming such as impaired driving, engagement in violence, blackouts, missing work/school and other responsibilities, further investigations are needed to assess contextual factors that influence pregaming behavior. Filling this gap in knowledge is likely to result in new educational and policy recommendations aimed at controlling this perilous and increasingly pervasive drinking practice. 
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Table 1. Hierarchical linear regression predicting BrAC levels.

	Model
	Variable
	B
	SE B
	β
	t
	p

	1
	Constant
	.056
	.012
	
	4.648
	.000

	
	Male
	.018
	.004
	.163***
	3.958
	.0001

	
	White (ref)
	-.004
	.010
	-.034
	-.384
	.701

	
	Hispanic
	-.029
	.013
	-.128*
	-2.178
	.030

	
	Black
	-.035
	.011
	-.237*
	-3.100
	.002

	
	Asian
	-.001
	.021
	-.002
	.049
	.961

	
	Biracial
	-.024
	.021
	-.050
	-1.110
	.267

	
	Pacific Islander
	.009
	.030
	.012
	.292
	.770

	
	American Indian
	-.007
	.018
	-.017
	-.362
	.718

	
	Greek affiliated
	.020
	.005
	.146***
	3.612
	.0001

	
	Student status
	-.002
	.005
	-.007
	-.184
	.854

	
	Legal Drinking Age
	.029
	.005
	.265***
	6.354
	.0001

	
	R2
	
	.165
	
	
	

	
	F
	
	9.607***
	
	
	

	2
	Constant
	.014
	.012
	
	1.211
	.227

	
	Pregaming
	.014
	.001
	.430***
	11.133
	.0001

	
	Male
	.003
	.004
	.028
	.711
	.478

	
	White (ref)
	-.004
	.009
	-.038
	-.475
	.635

	
	Hispanic
	-.024
	.012
	-.106*
	-2.007
	.045

	
	Black
	-.021
	.010
	-.139*
	-2.004
	.046

	
	Asian
	.006
	.019
	.012
	.288
	.744

	
	Biracial
	-.010
	.019
	-.022
	-.543
	.588

	
	Pacific Islander
	.010
	.027
	.015
	.385
	.700

	
	American Indian
	-.005
	.017
	-.013
	-.298
	.766

	
	Greek affiliated
	.014
	.005
	.104**
	2.846
	.005

	
	Student status
	-.001
	.004
	-.005
	-.184
	.845

	
	Legal Drinking Age
	.029
	.004
	.258***
	6.870
	.0001

	
	R2
	
	.323
	
	
	

	
	F
	
	21.162***
	
	
	

	
	*P<.05
** P<.01
*** P<.001
	
	
	
	
	





Table 2. Hierarchical linear regression model predicting pregaming status.

	Model
	Variable
	B
	SE B
	β
	t
	p

	1
	Constant
	3.204
	1.140
	
	2.811
	.005

	
	Male
	1.069
	.145
	.311***
	7.372
	.0001

	
	White (ref)
	.015
	.328
	.004
	.046
	.963

	
	Hispanic
	-.377
	.422
	-.053
	-.893
	.372

	
	Black
	-1.047
	.363
	-.223*
	-2.885
	.004

	
	Asian
	-.558
	.676
	-.038
	-.825
	.410

	
	Biracial
	-.986
	.627
	-.066
	-1.466
	.143

	
	Pacific Islander
	-.293
	.959
	-.011
	-.249
	.803

	
	American Indian
	-.075
	.587
	-.006
	-.127
	.899

	
	Greek affiliated
	.387
	.175
	.090*
	2.203
	.028

	
	Student status
	-.002
	.005
	-.007
	-.184
	.854

	
	Legal Drinking Age
	-.049
	.207
	-.014
	-.236
	.814

	
	R2
	
	.159
	
	
	

	
	F
	
	5.890***
	
	
	

	2
	Constant
	1.994
	1.039
	
	1.920
	.055

	
	AUDIT-C
	.280
	.026
	.420***
	10.810
	.0001

	
	Male
	.690
	.136
	.200***
	5.073
	.0001

	
	White (ref)
	-.110
	.298
	-.030
	-.368
	.713

	
	Hispanic
	-.543
	.383
	-.076
	-1.419
	.156

	
	Black
	-.792
	.330
	-.169*
	-2.403
	.017

	
	Asian
	-.667
	.612
	-.045
	-1.089
	.277

	
	Biracial
	-1.206
	.609
	-.081
	-1.981
	.058

	
	Pacific Islander
	-.626
	.870
	-.028
	-.720
	.472

	
	American Indian
	-.116
	.532
	-.009
	-.218
	.828

	
	Greek affiliated
	.222
	.160
	.052
	1.391
	.165

	
	Student status
	-.001
	.004
	-.005
	-.184
	.845

	
	Legal Drinking Age
	-.194
	.188
	-.056
	1.033
	.302

	
	R2
	
	.312
	
	
	

	
	F
	
	13.276***
	
	
	

	
	*P<.05
** P<.01
*** P<.001
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