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ABSTRACT
Background: Violence continues to be a major public health problem in the United States.  Access to alcohol has been found to cause harmful behaviors such as violence, so it has been hypothesized that higher alcohol outlet density is associated with higher rates of violence.  However, the results of studies assessing this association are inconsistent.  In particular, the results vary by study design, type of alcohol outlet, and severity of violence.  In this review, we aim to review the literature and assess whether levels of alcohol outlet density are related to neighborhood  violence.
Methods: We conducted a literature search on OVID using keywords that were related to “alcohol outlet density” or “violence”.  We defined alcohol outlet density as any type of distribution center for alcohol (off-premise, on-premise, restaurant, bar, etc.) in a unit area.  We defined violence as any type of violence as defined in ICD-9 or police crime statistics reports such as homicide or assault.  We excluded articles that focused on: intimate partner violence, LGBT violence, or violence concentrated in a college setting.
Results: Using our inclusion/exclusion criteria we found 41 articles.  The first article we found was published in 1981 and looked at violence in Cleveland, OH in 1970.  The most recent articles were three articles published in 2013.  The early articles tended to use linear regression and models with few covariates and later papers tended to use Bayesian statistics with more covariates.  Most of the articles tended to use small spatial units such as census tracts or block groups.  The articles reported finding different effect sizes with some reporting finding no effect and others finding a large effect, results varied by off vs. on premises outlets as well as severity of violence.
Conclusion: We found that the articles do not provide clear evidence of an association between AOD and violence.  The replicability between the studies was low and the results of the studies are too varied to draw a conclusion.  We found that some of this difference may be due to methodological weaknesses.  Future research should differentiate between types of alcohol outlets and severity of violence. 
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[bookmark: _Toc260055293]1.0 INTRODUCTION

Since alcohol has a history of causing harmful behaviors such as violence, it is thought that controlling access to alcohol can affect violence rates in a neighborhood.(1)  One way that may control access to alcohol for an individual is to change the alcohol outlet density (AOD) that the individual is exposed to.  Alaniz et al. describes the effect as: “In astronomy, a great attractor is an immense region in the universe of known space so full of matter that all other galaxy clusters and individual galaxies are drawn toward the attractor by the physical force of gravity.  In this approach to understanding the outlet density-violence relationship, places with outlet concentrations are social great attractors that magnetically draw young people to these locations.”(2)

Because of the large number of alcohol outlets in neighborhoods, policy makers potentially can have a big effect on violence by controlling AOD in neighborhoods.  We aim to review the literature to find if we can find a clear association for any individual type of alcohol outlet or all types of alcohol outlets are related to violence.  After conducting a systematic review, we found 41 studies.

We found that the results of published studies are inconsistent, yield small effects sizes, and do not always assess an appropriates geographic level or address (e.g., incident location vs. home address) that fits within reasoned etiological theories.

[bookmark: _Toc260055294]2.0 METHODS
We conducted a search of OVID Medline in November 2013 for peer-reviewed articles that included keywords related to “alcohol outlet density” and “violence.”  For a complete list of keywords used, see Figure 1.  Our outcome of interest is violence, specifically youth violence, which we defined as homicide or assault in youth age 10-24.  We found keywords related to violence by using words in our search to capture this definition.  In our keywords, we did not include any terms related to youth because we found that such terms would needlessly restrict our search.  The exposure we are interested in is alcohol outlet density which we defined as any type of distribution center for alcohol (off-premise, on-premise, restaurant, bar, etc) whose position is defined in an area and from this position the authors calculated a density.  We defined off-premise alcohol outlets as any type of retail establishment where any type of alcoholic beverage can be purchased to be consumed elsewhere.  We defined on-premise outlets as any type of retail establishment where alcoholic beverages can be purchased to be consumed on-site.  Bars are a type of on-premise outlet where food service is limited and serving alcohol is the primary purpose of the establishment.  Restaurants are another type of on-premise outlet where business is concentrated on food and alcoholic beverages are secondary.  Using these definitions, we were able to generate keywords related to AOD.  Using these OVID search terms we found 57 articles.  From these articles, we reviewed citations and found an additional 33 articles that met our criteria for further review.Figure 1. Article selection and review process for alcohol outlet density and violence
[image: ]


We next subjected these 90 articles to more stringent inclusion/exclusion criteria to find the articles included for our review.  Because we are interested in controlling alcohol and not eliminating alcohol, we excluded articles that studied prohibition of alcohol.  We excluded studies outside of the United States because violence rates in the United States are much higher than other developed countries such as Australia or European Union countries(3).  The effect of changing AOD may not be robust in countries with different violence rates so we chose to only include studies conducted inside the United States.  We excluded all articles not published in English.  We also excluded articles focused primarily on intimate partner violence (IPV) and LGBT violence, because research finds that IPV and LGBT may be a qualitatively different form of violence.  Since the AOD and violence relationship may be different in a college setting, we excluded articles that focus on college students around colleges.  We did not exclude articles that included college students along with other youths in the community as long as the study took place in the general community and not exclusively in a college setting.  Since we are interested the relationship between any type of alcohol outlet and violence, we did not exclude any article based on which alcohol outlet types were included as long as a density was calculated connected with an outlet type.  After applying these inclusion and exclusion criteria, a total of 41 articles were deemed relevant for inclusion in the current review.

[bookmark: _Toc260055295]3.0 RESULTS

[bookmark: _Toc260055296]3.1 Study Type: Ecologic, published 1999 and earlier
The first study looking at the link between AOD and violence was published by Roncek and Bell in 1981.(4)  The authors looked at bars and violent crime (murders, rapes, assaults, and robberies) in Cleveland, OH in 1970. The authors found that an additional bar per city block would lead to an additional 1.2 incidents of violent crime per year (b=1.209, p<0.05).

Roncek and Pravatiner performed a similar study except they looked at San Diego, CA in 1970.(5)  The authors again looked at bars, but found that only 2.2% of blocks studied had at least one bar on the block vs. 14.2% of blocks had bars in Cleveland.  Using multivariate regression analysis the authors found that the increase of a single bar on the block would result in an increase of 0.6 violent crimes per year. (b=0.6072, b<0.05).

Roncek and Maier expanded the Roncek and Bell study by looking at on-premise outlets in Cleveland in 1979 to 1981.(6)  The authors accounted for the effect of areas around a neighborhood on the neighborhood itself by including “population potential”, the population density in surrounding blocks, and “crime potential”, the density of crimes, as covariates.  The authors found that an increase of one off-premise outlet in a block was significantly associated with an increase of 0.940 violent crime incidents per year (b=0.940, p<0.05), an increase of 0.027 homicides per year (b=0.027, p<0.05), and an increase of 0.336 assaults per year (b=0.336, p<0.05).

Scribner et al. looked at 74 contiguous cities within Los Angeles County with an average size of 50,000 people.(7)  Using multivariate regression, the authors found that a one percent increase of AOD in an average Los Angeles city of 50,000 people was significantly associated with an increase of 0.62% in the rate of yearly assaultive violence (b=0.62, p<0.01).  An increase of on-sale alcohol outlet density by one percent was associated with a 0.36% increase in assaultive violence (p<0.01) and an increase of density of all types of alcohol outlets by one percent was associated with an increase of 0.56% of assaultive violence (p<0.05).

Unlike the Scribner et al., Alaniz et al. concentrated on smaller cities in Northern California with a higher Latino and immigrant population.(2)  Alaniz et al. chose three smaller cities in CA in different geographic areas: rural, suburban, and urban.  To analyze their data, Alaniz et al. decided to compare two analytic strategies: a custom coded matrix regression program and a spatial model.  Alaniz et al. found that an increase of one off-premise alcohol outlet per 1,000 people in a census tract was associated with 0.398 (p<0.05) additional violent crime incidents per 1,000 in the youth population (ages 15-24).

Gorman et al. attempted to repeat the Scribner et al. study above by looking at 223 municipalities in New Jersey.(8)  The authors only included violence data from the summer months in 1993 and 1994.  Gorman et al. were not able to replicate the Scribner et al. results and did not find that all types of alcohol outlets were significantly associated with violent crime (b=0.05, p>0.05).  

Speer et al. aimed to answer why Scribner et al.’s results were not replicated by Gorman et al.(9)  Speer et al. looked at census blocks and census tracts in Nework, NJ.  Using bivariate regression analysis, the authors found that increasing AOD by 1% was significantly related to an increase in violence of 1.10% in census tracts (b=1.10, p<0.0001) and an increase of 1.29% in census block groups (b=1.29, p<0.0001). 

Scribner et al. looked at the effect of different AOD units of exposure, alcohol outlets per square mile and alcohol outlets per person, and youth homicide.(10)  To understand these two different exposures the authors used 155 census tracts in New Orleans.  The authors found off-premise outlets were significantly related to increased homicide (outlets per sq. mile: b=0.211, p<0.05; outlets per 1000 people: b=0.244, p<0.05), while on-premise outlets (outlets per sq. mile: b=0.001, p>0.05; outlets per 1000 people: b=0.011, p>0.05) and total alcohol outlets (outlets per sq. mile: b=0.098, p>0.05; outlets per 1000 people: b=0.144, p>0.05) were not statistically significantly related to homicide.

[bookmark: _Toc260055297]3.2 Study Type: Ecologic, published 2000 to 2004
Peterson et al. looked only at the effect of bars on different types of violent crime in Columbus, Ohio in 1990.(11)  Peterson et al. included the effect of another neighborhood gathering place in their model by including recreation centers.  Using ordinary least squares regression, the authors found that bars were statistically significantly associated with higher levels of violent crime (b=1.290, p<0.05), homicide (b=0.042, b<0.05), and aggravated assault (b=0.419, p<0.05).

Costanza et al. looked for an association between off-premise outlets and bars (taverns) and assault in the 278 census tracts from 1989 to 1991 in Baton Rouge, LA.(12)  The authors found that higher density of off-premise outlets per 100 households significantly increased the arrest-rate for assault (b=56.37, p=0.025).  Bars per 100 households were not significantly associated with assault (b=0.7.7, p>0.05).  

Gorman et al. aimed to expand and correct limitations of their earlier study published in 1998.(13)  Gorman et al. corrected their earlier study by including crime data for the entire year rather than just the summer months, expanding the number of neighborhood structural covariates, and accounting for spatial autocorrelation in the analysis.  Gorman et al. used block groups in Camden, New Jersey.  Using a spatial model, the authors found that all types of alcohol outlets were significantly associated with violent crime (b=1.303, p<0.001) . 

Using data from Detroit, MI, Gyimah-Brempong looked for an effect between all types of alcohol outlets and violent crime and homicide.(14)  The author accounted for other retail establishments in the census tracts by including gas stations in their model.  Using an instrumental variable estimation technique, the author found that a 10% increase in the number of alcohol outlets in a census tract was significantly associated with an increase of 8.2% in the violent crime rate (p<0.01).  Using an instrumental variable estimation technique, the author found that a 10% increase in the number of alcohol outlets in a census tract was significantly associated with an increase of 1.2% in the homicide rate (p<0.01).
Escobedo and Ortiz examined the effect of all types of AOD on homicide from 1990 to 1994 in New Mexico.(15)  Using linear regression analysis, Escobedo and Ortiz found that all types of alcohol outlets were not significantly related to homicide (b=0.06, p=0.26).

Lipton and Gruenewald looked at four representative areas in CA: Los Angeles, the Bay Area, Sacramento, and rural areas in Northern California.(16)  The authors used zip codes and hospital discharge data coded for assaults using ICD-9 codes.  Using nested spatial models they found that as increased bar density was associated with an increased hospitalization rate for assaults by 2.72 for every 10,000 persons in each zip code (p<0.001).  Restaurants had a protective effect with higher restaurant density significantly associated with a reduction in the rate of assaults by 0.53 for every 10,000 persons in each zip code (p<0.001).  Off-premise outlets were found to be not statistically associated with violence (b=0.54, p=0.101).

Nielson and Martinez looked at the effect of AOD on aggravated assault in Miami, FL.(17)  Using a regression model with spatial covariates the authors found that total alcohol outlet rate was statistically significantly related to increased incidences of aggravated assault (b=0.59, p<0.01).  

Zhu et al. compared the effect of AOD on violence in Austin, TX and San Antonio, TX.(18)  The authors looked at the effect of total alcohol outlet density (all types of outlets per 100 people) on violent crime rate (number of violent crimes per 100 people).  Using ordinary least squares regression, the authors found that alcohol outlet density was significantly associated with increased violent crime in a census tract (San Antonio: b=0.305, p<0.001; Austin: b=0.187, p<0.001) in both cities.  In Austin, the effect of violent crime and alcohol outlet density in a census tract carried over to adjacent census tracts b=0.333, p<0.01).  

[bookmark: _Toc260055298]3.3 Study Type: Ecologic, published 2005 to 2009
Gorman et al. looked at drug hot-spots and AOD in Houston, TX.(19)  Off-sale density of alcohol outlets was significantly related to violent crime (b=0.116, p-value: <0.001), but drug crime density accounted for more violent crime (b=0.509, p-value: <0.001) than alcohol outlet density.  Total alcohol outlet density was not significantly related with violent crime.

Britt et al. compared violent crime (assaults, rapes, suicides, and homicides) and on-premise and off-premise outlets.(20)  The authors used the 79 self-identified neighborhoods in Minneapolis, MN.  Using Bayesian models, the authors found an increase of one alcohol outlet was associated with an increase of 5 crimes per 1000 individuals per year in a neighborhood (mean=0.027, 95% CI: 0.027-0.141).

Zhu et al. repeated the Gorman et al. study above except Zhu et al. used Bayesian Hierarchical models to analyze the data.(21)  The authors again looked at AOD and Drug Activity and violence in Houston, TX.  The authors found that census tracts with higher drug-law violation density had a 2.49 higher relative risk of violent crime than census tracts with lower drug-law violation density.  Census tracts with higher alcohol outlet density had a 1.16 higher relative risk of violent crime than census tracts with lower alcohol outlet density.

Gyimah-Brempong looked at the effect of all types of alcohol outlets on violent crime and homicide in Detroit, MI.(22)  The author found that a 10% increase in all types of alcohol outlets in a census tract was significantly associated with an increase of 3.7% of incidents of violent crime per year in that census tract (b=2.926, p<0.01).  Also, a 10% increase in AOD was significantly associated with a 2.7% increase in homicides in a census tract (b=0.0369, p<0.01). 

Gruenewald and Remer looked at 581 consistently defined zip codes in CA during 6 years.(23)  The authors looked at the effect of off-premise outlets, restaurants and bars on hospital discharge assaults in sampled California zip codes.  To account for other retail establishments in the neighborhood, the authors looked at non-alcohol retail (accommodations, gas stations, etc.) establishments.  Using spatial regression analysis, the authors found that bars were significantly associated with assaults (b=29.360, p<0.001) while off-premise outlets (b=-3.842, p>0.05) and restaurants (b=-2.79, p>0.05) were not significantly associated with assaults.

Gruenewald et al. used a similar strategy to the study above, except they looked at CA over 1 year rather than 6 years.(24)  They examined the effect of off-premise outlet density, restaurant density, and bar density on violence in 1637 zip codes.  Using spatial regression models, the authors found that off-premise alcohol outlets (b=1.69, p=NS), bars (b=-1.249, p=NS) and restaurants (b=0.474, p=NS) were not significantly related to assaults.  The authors also looked at interactions of bars and population characteristics and found that none of these interactions were significant.

Waller et al. expanded on the Zhu et al. and Gorman et al. studies by looking at the effect of alcohol outlets on violent crime and drug arrests in Houston, TX.(25)  This study explored new statistical techniques and did not include any covariates to adjust for neighborhood characteristics.  The main purpose of this study was to compare the ability of geographically weighted regression models with variable coefficient models to account for effects that vary across the spatial areas.  The authors found that alcohol outlet density was not significantly associated with violent crime (b=0.22, p>0.05).

Murray and Roncek compared bars to assaults using block groups in Omaha, NE.(26)  The authors compared the effect of using census blocks surrounding the census block with the bar to using a 500 meter radius around the bar.  The authors analyzed the data by using negative binomial regression models.  Using adjacent block units, the authors found that bars were statistically significantly associated with violence in the census tract with the bar (b=0.643, p=0.0119) as well as adjacent census tracts(b=0.181, p=0.0345).  Using the radial method the authors found that the effect of bars in the vicinity was greater (b=0.910, p=0.0014), but appeared to reduce violence in the 500 yard vicinity around the bar (b=-0.295, p=0.0044).  The authors found that off-premise outlets were significantly associated with assault (one only: b=1.104, p<0.001; two or more: b=1.928, p<0.05) while other types of on-premise outlets were not significantly associated with assault.

Wheeler and Waller added to the earlier Waller et al. study by using additional novel statistical techniques.(27)  The authors compared the effect of alcohol outlets on violent crime in Houston, TX in 2000.  The purpose of the paper was to compare geographically weighted regression to a Bayesian spatially varying coefficient model.  The authors found that the effect of alcohol sales on violence was highest near the center of Houston.  The authors also found that the variation between AOD and violence coefficients between census tracts is less with the Bayesian model.  The authors found that an increase of one alcohol outlet per 100 people in a census tract was associated with 1.233 additional incidences of violent crime (murder, robbery, rape, and aggregated assault) per year (p<0.001).

[bookmark: _Toc260055299]3.4 Study Type: Ecologic, published 2010 and later
Gruenewald et al., expanded on his earlier study by separating youth aged 18-20 from young adults aged 21-29.(28)  To look for an effect, the authors used 1646 zip codes in CA and analyzed the data using zero inflated negative binomial models.  The authors found that a 10% increase in off-premise outlets in a zip code was significantly associated with an increase in 0.93% (b=0.320, p=0.033) hospitalizations from assaults per year in that zip code in young adults 21 to 29.  A 10% increase in bars in a zip codes was significantly associated with an increase of 0.43% (b=0.550, p=0.004) assault injuries per year in young adults 21 to 29.  Restaurants were not significantly associated with assaults (b=-0.093, p>0.05) in young adults 21 to 29.  In teenagers 18 to 20, a 10% increase in in off-premise outlets in an area was significantly associated with a 1.6% increase in assault hospitalizations.  Bars (b=0.194, p>0.05) and restaurants (b=-0.093, p>0.05) were not significantly associated with assault hospitalizations.

Franklin et al. looked at AOD and violence in Washington DC during the year 2000.(29)  Like Zhu et al. above, Franklin et al. was also interested in studying the effects of other prevention efforts of crime in a neighborhood.  Franklin et al. used illicit drug arrests and weapons arrests in their models along with AOD.  Every additional alcohol outlet in a city was associated with a 4% increase in violent crime RR=1.04, p<0.001) and a 3% increase in assault (RR=1.03, p<0.001) in a census tract.  All outlet types were not significantly associated with homicide (RR=1.02, p>0.05).  On-premise outlets were not associated with homicide (RR=1.07, p>0.05) or assault (RR=1.03, p>0.05).  Off-premise outlets were also not significantly associated with homicide (RR=0.958, p>0.05) or assault (RR=1.02, p>0.05). 

Pridemore and Grubesic looked at the effect of AOD on simple assault and aggravated assault using city blocks in Cincinnati, OH.(30)  The authors found that an increase of one alcohol outlet per square mile per six months was significantly related to an additional 0.844 simple assaults (p<0.001) and 0.144 aggravated assaults (p<0.001) per square mile.  Off premise outlets (simple assault: b=2.341, p<0.001; aggravated assault: b=0.581, p<0.001), restaurants (simple assault: b=1.15, p<0.001; aggravated assault: b=0.199, p<0.05), and bars (simple assault: b=1.357, p<0.001) were all significantly related to an increase in simple and aggravated assault.  Bars were not found to be significantly related to an increase of aggravated assault (b=0.104, p=NS).  The authors found the strongest association for violence to be off-premise outlets with simple assault.

Grubesic and Pridemore expanded on the work of Pridemore and Grubesic by looking clusters of violence and alcohol outlets.(31)  Like Pridemore and Grubesic, Grubesic and Pridemore looked at all types of alcohol outlets and simple and aggravated assaults in Cincinnati, OH.  To analyze the clusters of violence, the authors used catographic analysis to look at the distribution of violence around alcohol outlets.  The authors found that areas with higher alcohol outlet density was associated with a higher density of assaults and conversely, lower alcohol outlet density was associated with lower assault density.

Parker et al. looked at youth homicide (ages 13-17 and 18-24) in the 91 largest American cities from 1983 to 2006.(32)  To analyze the data, the authors used pooled cross-sectional time series models.  The authors found that AOD was associated with increased homicide in both the teenagers 13-17 (b=22.52, p<0.05) and young adults 18-24 (b=46.64, p<0.05).

Toomey et al. examined the effect of on-premise, off-premise, and all types of alcohol outlets on rape, robbery, assault, and combined crime.(33)  They used culturally-defined neighborhoods in Minneapolis, MN and analyzed their data using Bayesian analysis.  A 20% increase in alcohol outlet density in a neighborhood was associated with a 4.3% increase in assault (mean=0.34, 95% CI: 0.21-0.47) and a 3.4% increase in combined crime (mean=0.27, 95% CI: 0.16-0.38).  A 20% increase in on-premise outlets was associated with a 3.8% increase in assault (mean=0.34, 95% CI: 0.22-0.47) and a 3.0% increase in combined crime (mean=0.27, 95% CI: 0.16-0.38).  A 20% increase in off-premise outlets was associated with a 2.9% increase of assault (mean=0.17, 95% CI: 0.03-0.31).  Off-premise outlets are not associated with an increase in combined crime (mean=0.11, 95% CI: 0.00-0.23).

Xu et al. looked at the effect of a series of policies enacted in 1997 aimed at reducing the number of alcohol outlets in New Orleans, LA.(34)  The authors looked at 1994-2004 and analyzed their data using a spatiotemporal change-point model.  The authors compared off-premise alcohol outlet density, on-premise alcohol outlet density and all types of alcohol outlet density to assaultive violence rates.  The authors found that on-premise (mean=0.047; 95% CI: 0.0310, 0.0625) and off-premise density (mean=0.182, 95% CI: 0.142, 0.222) were related with an increase in violence.  The positive association between AOD and violence became weaker after the policy changes.

Han an Gorman studied the introduction of off-premise alcohol outlets in a Lubbock, TX.(35)  The authors compared violent crime and assault before the introduction of off-premise outlets (January 2006 to September 2009) to after the introduction (September 2009 to December 2011).  Using time series analysis to look at short and long-term violence trends, the authors found that that the introduction of alcohol outlets was not significantly associated with either short (r=-0.001, p=0.86) or long-term (r=0.04, p=0.08) trends in violent crime or assault. 

Mair et al. used a similar technique to the Gruenewald and Remer study above by looking at AOD and violence in California using zip codes from 1995 to 2008.(36)  To analyze the data they used Bayesian space-time conditional autoregressive models.  Mair et al. found that an addition of one AOD per square mile was associated with 1.8% increase in assaults (RR=1.018, 95% CI: 1.011-1.025).  When the types of outlets were separated a greater difference between outlets types were found.

Lipton et al. compared restaurants selling any type of alcohol, restaurants selling only beer and wine, off-premise, and nonstore/nonrestaurant to violent crime in Boston, MA.(37)  Using Poisson regression models, the authors found that number of restaurants selling any type of alcohol was significantly associated with a slight increase of violent crime (b=0.079, p<0.001) but on-premise outlets (b=-0.035, p>0.05) and off-premise outlets (b=0.067, p>0.05) were not statistically associated with violent crime.  For weekday violence, the authors found that number of restaurants selling any type of alcohol was significantly associated with a slight increase of violent crime (b=0.071, p<0.001) but on-premise outlets (b=-0.036, p>0.05) and off-premise outlets (b=0.063, p>0.05) were not statistically associated with violent crime.  For weekend violence, the authors found that number of restaurants selling any type of alcohol was significantly associated with a slight increase of violent crime (b=0.091, p<0.001) but on-premise outlets (b=-0.014, p>0.05) and off-premise outlets (b=0.076, p>0.05) were not statistically associated with violent crime.  

[bookmark: _Toc260055300]3.5 Study Type: Multi-Level
Reid et al. studied all types of alcohol outlets and violent crime in 89 inner-city census tracts in Kansas City, MO.(38)  Using hierarchical regression analysis, the authors found that AOD was significantly related to higher rates of assaultive violence (b=0.47, p<0.001).

Yu et al. used a “natural experiment” to look at the effect of a reduction in alcohol outlets.(39)  The authors compared alcohol outlet density and assault rates in South Central Los Angeles census tracts that had been damaged during the 1992 civil unrest. This unrest forced 250 outlets to close.  Over the next several years, outlets slowly reopened and by the end of the study 100 outlets of the 250 outlets had reopened.  The authors compared the violence trends in the census tracts with physical damage and no alcohol outlet closures to census tracts with physical damage and alcohol outlet closures.  The authors included data from 1990 (before the civil unrest in 1992) to 1999.  Using a Bayesian spatio-temporal dual changepoint model, the authors found that increased alcohol outlet density was associated with increased violence (RR: mean=1.062).

In Yu et al. 2009, the authors used the same experimental design as in Yu et al. 2008 except the authors developed a hierarchical additive model to analyze the data.(40)  From these models, we saw that other neighborhood attributes contributed much more to violence than AOD.  Poverty is the most important covariate contributing over 20% of importance where off-premise outlets and on-premise outlets each contribute about 5%.

Theall et al. looked at alcohol outlet density and people who had heard, witnessed, or experienced violence.(41)  The authors took a random sample of census tracts from Los Angeles, CA and Louisiana and analyzed the data using multi-level logistic regression.  The authors found that an individual with a higher alcohol outlet density within 1.0 miles of their home had a 1.44 higher odds of experiencing violence than people who live near a lower alcohol outlet density (95% CI: 1.25-1.65).  At the neighborhood-level, neighborhoods with higher mean off-premise outlet density per square mile were associated with 1.31 odds of residents reporting experienced violence than in census tracts with lower mean off-premise outlet density per square mile (95% CI: 1.13-1.51).

Resko et al. surveyed adolescents in a hospital in Flint, MI to determine who had experienced violence and level of violence in the previous year. (42)  After performing multi-level analysis, the authors found that alcohol outlet density was not significantly related to peer violence among adolescents (aged 14-18) (IRR: 1.07, 95% CI: 0.96-1.19).

[bookmark: _Toc260055301]3.6 Study Type: Case-Control
Branas et al. looked at the effect of AOD on assaults and homicides in Philadelphia, PA.(43)  Cases in were people who had been shot between the years 2003 and 2006.  Controls were matched based on being inside Philadelphia during the gun incident, age, gender, and race.  To determine alcohol outlet exposure, all participants in the study were assigned their own neighborhood and the number of outlets inside this neighborhood were used to calculate an individuals exposure.  To analyze their data the authors used conditional logic regression.  People exposed to high off-premise alcohol outlet density had a 2.00 higher odds of being assaulted than people exposed to a lower outlet density (95% CI: 1.03, 3.75; p<0.05).  Off-premise outlets were not found to be significantly related to homicides (OR: 4.19, 95% CI: 0.81-21.78).  On-premise outlets were found to be not significantly related to either assaults (OR: 1.12, 95% CI: 0.57-2.21) or homicides (OR=0.85, 95% CI: 0.27-2.67).  All types of alcohol outlets were found to be not significantly related to either assaults (OR: 1.22, 95% CI: 0.59-2.52) or homicides (OR=0.74, 95% CI: 0.20-2.79).

[bookmark: _Toc260055302]4.0 DISCUSSION
We found that the literature suffered from a variety of methodological problems.  This can be categorized into 4 major limitations: 1) using too large of a geographic unit, 2) using victims home address vs. incident address, 3) residual bias, and 4) small effect sizes. 

We found that the results of the studies were inconsistent.  These inconsistencies extended into when we broke down alcohol outlets into different alcohol outlet types (on-premise, off-premise, and bars) and types of violence (homicide, aggravated assault, and simple assault).  We did find that a small trend may exist in the papers for minor violence, but few of the papers we reviewed looked at minor violence.  

[bookmark: _Toc260055303]4.1 Review of Theory Used
Since our hypothesis is concentrated on neighborhood exposures, it is important to look at where violence is concentrated. When we do this, we find that there is a large disparity in number of violence incidents by neighborhood with violence occurring much more often in disadvantaged neighborhoods.(44-48)  One hypothesis that may help to provide insight into this disparity is routine activity theory.(49, 50)  According to this theory, a crime occurs when several factors are met: 1) a target is accessible, 2) there is a lack of guardians who could potentially intervene; and 3) there is a motivated offender present.  This theory is relevant to the AOD and violence hypothesis because this theory suggests that areas with high AOD may attract motivated offenders, have high rates of accessible targets, and lower rates of capable guardians.  

This, along with social disorganization theory, which posits that the ecological characteristics of places shape their social structure, is thought to decrease social control in areas in which individuals congregate to purchase alcohol. (48, 51-53)  This environment then leads to weakened social norms and control resulting in increases in violence. This process is thought to be magnified if alcohol is widely available and consumed in these areas. Selective disinhibition theory suggests that in areas of higher AOD, more alcohol is consumed, thereby resulting in an increased likelihood of violent behavior.(54)  In line with this theoretical standpoint, research has shown that rates of physical fighting are up to three times higher among adolescent drinkers.(55)

[bookmark: _Toc260055304]4.2 Misidentification of the Appropriate Geographic Level
The theories behind the AOD and violence hypothesis support picking a smaller spatial unit of analysis.  This has been supported experimentally where it has been found that by using a small spatial unit of analysis you can avoid the high-levels of variation that has been found to exist in large spatial units when looking at crime.(56)  One of the reasons to include smaller units of analysis is that violence tends to congregate in relatively small areas, known as ‘hot-spots’.  The basis of the study design is to capture where the violence occurs and compare the areas with these ‘hot-spots’ to the areas without these hot spots.  When areas with violence tend to be relatively small, including a larger area may include too many characteristics of areas where violence does not congregate which may lead to misleading results.  The scale of the ‘hot-spot’ is more the size of Census blocks, census tracts, city blocks, block groups, and neighborhoods.  Municipalities, county, and zip codes are too big of a spatial area with too high of a intra-unit variation to capture an association in the model.  We can see the effect of this large variation in studies using spatial units of analysis by the large variation in results that these studies find.  It is likely that the effect we saw in other papers can only be captured by using smaller spatial units of analysis; AOD and violence likely varies across smaller geographic units within the city. 

Speer et al. highlighted the effect by looking at block groups, 600 to 3,000 people, and census tracts, 1,500 to 8,000 people.(9)  The authors found that both results were significant but the association was found to be slightly stronger in the block group, (b=1.29, p<0.0001) than in census tracts, (b=1.10, p<0.0001).  The effect may be greater if a comparison between larger spatial units are used.  Speer et al. found that the largest effect on violent crime in a neighborhood is AOD.  This is surprising and in contrast to almost all other studies.  The effect of AOD was five times greater than any other effect in the block group. However, when the analysis was conducted at the census tract level they found a smaller effect size.  This confirms what we found above where the size of the geographic area is important.  It may also be that census block may be too small of a geographic area and the large effects sizes are magnifying the problems with residual bias. This may be merely proving that AOD may be markers for disadvantaged areas with large amounts of population traffic of those more at risk for violence but not causing the violence itself. 

We found 10 studies that used these larger spatial units: Scribner et al., Gorman et al., Escobedo and Ortiz, Lipton and Gruenewald, Gruenewald et al. 2006, Gruenewald and Remer, Gruenwald et al. 2010, Parker et al., Han and Gorman and Mair et al.(7, 8, 15, 16, 23, 24, 28, 32, 35, 36)  In line with the reasoning above, we found that these studies showed inconsistent results.  

Scribner et al. found that there was a significant, but small association between AOD and violent crime using city-level data in Los Angeles.(7)  The results of the Scribner et al. study were consistent across off-premise, on-premise, and all alcohol outlet types.  This was the only study that found statistically significant results in all outlet types using this study design.  All of the other studies either found results that were not significant (15, 24, 35), only tested one outlet type (13, 32), or found some outlet type was significant and others were not (16, 23, 28, 36).  An example of the inconsistencies of the association using these models can be found in the Gorman et al. study.  Gorman et al. specifically set out to replicate the Scribner et al. association using municipalities in New Jersey, but was unable to find a significant association.  

In the next set of studies, all were studies using zip codes to approximate the effect of AOD and hospital stays  in CA.  Based on the similarities in the study design, we expect the results to be fairly repeatable across the studies.  The authors themselves seem to suggest that a relationship between AOD and violence exist.  In the first study, Lipton and Gruenewald used zip code data from California to find that off-premise outlets were not significantly related to hospital discharge assaults, but bars and restaurants are.  In the next study, Gruenewald et al. 2006 did not find that off-premise outlets, bars or restaurants were significantly related to violence.  In the next published study Gruenewald and Remer decided to again use similar techniques as the two studies above, except used 6 years of data, and found that off-premise outlets and restaurants were not related to violence but that bars were significantly related to violence.  Gruenewald et al. 2010 tested for violence in 18-20 year olds and 21-29 year olds.  In the 18-20 year old age group only off-premise outlets were associated with higher assaults, bars and restaurants were not significantly related with increased assaults.  In the 21-29 year old age group off-premise outlets and bars were related to violence but restaurants were not related to violence.  The last study using this design was Mair et al. who found that all types of outlets were related to hospital discharge assaults.  These studies show inconsistencies possibly caused by using too large of a spatial unit of analysis.

In the last set of studies, all studies used either country-level or city-level data.  Escobedo and Ortiz did not find a significant relationship between all types of alcohol outlets and homicide in New Mexico using county-level data.  Parker et al. used city-level data from 91 cities in the US and found that all types of alcohol outlets were significantly related to homicide.  Han and Gorman found that the introduction of off-premise alcohol outlets are not related to violent crime or assault. 

The results of these studies show clear inconsistencies in the conclusions.  Though there are several variations across the studies that likely play a role in these inconsistencies (such as different definitions of violence) one likely major issues is the misrepresentation of the appropriate geographic level for the reasoned etiologic theories behind AOD and violence. These large geographic areas also do not fit the conceptual model that points to a necessity to use a smaller unit of analysis. The conceptual model concentrates more on the change of AOD and violence in an area rather than cultural differences between larger areas regarding alcohol.  The model points us to concentrate on data that occurs directly around any establishment.  

In summary, we found that two of the six papers found an association in for AOD and violence for off-premise outlets.  For all types of on-premise alcohol outlets, only one article tested for an association and they found that the two were related.  For bars, two of the three papers found a significant association and one found an association in only one of their outcomes.  For all types of alcohol outlets, three of the five articles found a significant association.  These results are too various to be able to make a conclusion that higher AOD is associated with higher violence using large geographic units. 

[bookmark: _Toc260055305]4.3 Use of Subject Home address vs. Incident address
Another major limitation of many of the studies is the assessment of victim (or perpetrator) home address as the location.  However, it is likely that this, as with studies conducted at the city level, does not fit into the theoretical underpinnings of the relationship between AOD and violence.  Using a subject’s home address assumes that people are a victim of a crime in the same census tract as where they congregate and may be a victim of a violent crime according to routine activities theory.  Using a home address likely addresses ideas about social structure on individual risk but not geographic risk.  Using a subject home address tests the effect of living in an area exposed to high alcohol outlet density rather than the effect of people traveling to a place of high AOD.

In our review, we found that there were seven studies that used subject home address: Gruenewald et al. 2006, Gruenewald and Remer, Gruenewald et al. 2010, Lipton and Gruenewald, Resko et al., Theall et al., and Mair et al.(16, 23, 24, 28, 36, 41, 42)  The first group of studies were five studies published by Gruenewald et al. 2006, Gruenewald and Remer, Gruenewald et al. 2010, Lipton and Gruenewald, and Mair et al. that used hospital discharge data that had been coded for assaults requiring at least one night of stay at a hospital.  Many of these studies found inconsistent results across the models they chose.

Evidence of this is in the Lipton and Gruenewald article where only bars and restaurants are statistically associated with violent crime with restaurants acting as a slight protective effect (b=-0.53, p<0.001) and a single bar being associated with an increase of 2.72 assaults per 10,000 people per zip code (p<0.001).  Off-premise outlets are not significantly associated with violence.

In contrast to the previous article (Lipton and Gruenewald) in Gruenewald et al. 2006 the only type of alcohol outlet that is significantly related to violence is off-premise outlets in only one of their models (b=1.319, p<0.005). Restaurant density and bar density are not associated with alcohol outlets.  When compared to the previous article, the Gruenewald et al. 2006 finds the type of outlet significant whereas the previous study does not find this type of alcohol outlet significant.

Gruenewald and Remer used a similar design except they conducted a longitudinal study rather than a cross sectional study.  In their study only bars were statistically significantly associated with assaults (b=25.432, p<0.031; b=29.360, p<0.001) in both models.  Based on the similarity of their study designs, the different results are surprising.  

In Gruenewald et al. 2010, the authors looked at two different age groups (aged 18-20 and age 21-29).  In the aged 18-20 age group off-premise outlets are associated with assault injuries (b=0.429, p=0.006).  These results are different from the 21-29 age group where off-premise outlets (b=0.320, p=0.033) and bars or pubs (b=0.550, p=0.033). are significant.  Bars or pubs are not significantly related to violence for accident injuries and traffic injuries.  Mair et al. found that alcohol outlets per square mile are significantly related to hospital discharge assault (RR: 1.018, 95% CI: 1.011-1.025)

Using similar datasets, similar locations, and similar experimental designs these articles provide inconsistent results and do not provide a clear relationship between what type of alcohol outlet is related to hospital assaults.  In many of the models, if a significant relationship were found to exist we would expect clear trends to occur by alcohol outlet type.  Instead, we found the models to be inconsistent both within the papers and comparing between the papers.  For instance, none of the papers consistently found that all different types of alcohol outlets were significantly related to violence.  Even within AOD they were inconsistent, one of the four articles found that off-premise outlets were related to assaults.  We found a similar lack of trends in other types of alcohol outlets and assault results.

The next two studies used survey data to find who had been a victim of violence or seen violence.  Resko et al. took survey data from teenagers at an emergency room at a hospital in Flint, MI to find who had been a victim of violent crime.  Resko et al. did not find a relationship for AOD and violence in either of their models.  

Theall et al. used a survey to find who had heard, experienced or witnessed any violent event in the previous six months.  Theall et al. found that experienced violence (b=1.44, p<0.01) was significantly related to individual off-premise outlet density in a 1.0 mile radius but found that motor vehicle accident, injury, and hypertension were not related.  In neighborhood-level characteristics, experienced violence was significantly related to off-premise outlets per square mile (b=1.31, p<0.0001) but again motor vehicle accident, injury, and liver problems are not related to violence.  We can see how trends are not consistent.  

[bookmark: _Toc260055306]4.4 Selection and Sampling Bias
We found a few studies that suffered from sampling and selection bias.  This may lead to inconsistent results.

An example of this bias is the Theall et al. article.  The article looked at a random sample of census tracts in the state of Louisania and Los Angeles, CA.(41)  These random census tracts may fail to capture the census tracts where people tend to congregate.  It is important to include an entire area because violence rates tend to congregate in certain areas and a random sample scheme of various census tracts may not account for these areas.  

Resko et al. may suffer from sampling bias because they only include subjects with a small range of injuries due to violence.(42)  The victim has to be in a hospital but healthy enough to be able to be interviewed.  This excludes many of the more major forms of violence where victims may be too injured to speak or more minor forms of violence where the victim may decline to go to the hospital.  This bias may also lead to the inconsistent results.

Another article that shows that a weak effect of AOD may be due to bias are the two Yu et al. articles.  The authors used a hierarchical Bayesian model and compared violence before and after the riots. They found that lower alcohol outlet density was associated with a reduction of violence.  But importantly, the results show that this reduction is not sustained over time. The decrease lasts only three years, and thereafter the assault rate returns to the pre-riot state.  This would point to the effect being more from the riot, and the civil unrest itself (in the form of economic and market disruption) and not a change from changes in alcohol outlet densities.  We also see that the overall numbers of assaults are lower in the areas that did not have alcohol licenses surrendered, this would point to differential selection bias.

[bookmark: _Toc260055307]4.5 Residual Bias
Research has shown that alcohol outlets tend to be concentrated in areas that are disadvantaged.  These same disadvantaged areas are where crime tends to congregate.(2)  This clustering makes choosing the right covariates critical to be able to look for an association.  If the covariates are improperly chosen, then we are merely proving that areas with poor social structure are associated with high levels of violence.  By choosing the correct covariates, we can determine if alcohol outlets contribute to the violence or are merely present in areas with high violence.  Residual bias occurs when covariates do not adequately adjust for a neighborhood and this improper adjustment leads to finding a different association than would otherwise exist.  In this case we expect the effect to be higher than would otherwise occur.

Several studies showed the effect of not adjusting for any covariates.  Without adjusting for any covariates, high AOD is strongly associated with violence because these outlets tend to be in neighborhoods where violence tends to congregate.  After adjusting for neighborhood covariates, the effect decreases.  Therefore, the effect many of these studies are showing may be due to location of the outlets and not due to the outlets themselves.  Why these outlets congregate in these locations is beyond the scope of this review.

Roncek and Pravatiner used regression analysis without any covariates to find that a single bar on a block would result in 1.06 crimes on that block.  Once the authors adjusted for the neighborhood this effect went down to 0.61 crimes per block.   Costanza et al. found the effect of off-premise outlets decreased when neighborhood/environment covariates were included in the model (b=79.65 vs. 56.37, p<0.05 for each).

All of these studies provide evidence as to how much of an effect adjusting for a neighborhood can have.  The association reported in many of the studies may be due to improper adjustment for a neighborhood rather than finding a true effect of increased violence in a neighborhood.  Looking to theory, we can find that neighborhood structure, in particular social structure of the neighborhood such as social cohesion and collective efficacy, have been constantly shown to be related to many different public health outcomes including violence. Neighborhood-level studies find a higher prevalence of violence in disadvantaged neighborhoods. (57-60) Healthy neighborhood characteristics have been shown to affect youth outcomes positively due to shared social norms and values.(61)

Theory or literature do not provide clear guidelines to account for a neighborhood.  We can see the effect of this in the variety of strategies that the articles use to find covariates to account for a neighborhood.  Neighborhoods were mostly defined by including environmental and social neighborhood characteristics in their models.  Some authors used social theories, such as social disorganization theory, to find appropriate covariates to use.(17)  An example of an article that used social theory is Nielsen and Matrinez who argued that in a downtown Miami, FL location social disorganization would be higher than in surrounding census tracts.  To account for this, the authors included a variable that coded 1 for a downtown location and 0 for not.  Gyimah-Brempong used economic arguments to take into account economic activity in a neighborhood.(14, 22)  He included a covariate “gas stations” that took into account the amount of general economic activity in a neighborhood.  Other studies used covariates that other authors had used in other parts of the literature.(5, 20)  Roncek and Bell, the first study to be published on the subject, used a summary of previous literature looking a different outcomes to find appropriate covariates.

These differing approaches highlight the crude measures of adjustment for neighborhood disadvantage used in these studies.  These crude covariates and lack of agreement on what defines a neighborhood means that an association may still be due to unmeasured confounders in the neighborhood.

Another sign of residual bias is that the authors may find an artificially large effect size due to crude neighborhood adjustment.  For instance, Roncek and Maier found that an addition of one alcohol outlet is associated with an increase of 3.38 index crimes per year.(6)  The average number of index crimes in a block is 8.5 crimes per year, so an increase of one bar would represent an increase of index crimes 40% on the block.  This large effect size is much higher than any other article in this review and is probably due more to incorrect adjustment for a neighborhood.  This is especially plausible because this is an early study published in 1991.  Gorman et al found that AOD (b=1.303, p<0.0001) has the second largest effect of the covariates used on violence in a neighborhood.(13)  The authors found that population aged 12-17 years (b=3.083, p<0.0001) was the only covariate that had a statistically larger effect.  This is consistent with other early studies that found surprisingly large effects because of the use of multivariate regression and inappropriate covariates used in a neighborhood.

Another sign of residual bias is that many of the neighborhood characteristics used to adjust for a neighborhood in the model are found to be not significantly associated with violence.  For instance Alaniz et al. found that many of the covariates used in their model were not significant in their models.(2)  In their spatial model, only professional occupations and divorce rate were statistically associated with youth violence.  Divorce rate (per 1,000) provided a much larger effect size than off-premise alcohol outlets (b=4.69 vs. 0.416).  Professional occupations per 1,000 people provided a large protective effect with b=-0.373.  None of the other covariates were significant in the model.  

Another study that shows signs of residual bias is Scribner et al. because the authors did not find that AOD explained much of the outcome beyond what the basic sociodemographic variables described.(7)   Another study that had this problem was Lipton et al. where R2 increased only from 0.39 to 0.516 when the AOD variables were added.(37)  Reid et al. found that the amount of explained variance only increased from 0.61 to 0.70 when AOD variables were added.(38)  This is further evidence that there is residual bias that is not being accounted for, and high AOD may be a merely a marker for disadvantaged neighborhoods.  These results also point to small effect sizes, an issue we will explore further in the next section.

[bookmark: _Toc260055308]4.6 Small Effect Sizes
Many of the studies reviewed that found an association found a small effect size in relation to other social and physical neighborhood structures.  For instance, in many studies drug-activity has a much larger effect on violence than AOD.  Also, AOD does not explain much of the variance in models beyond socioeconomic and neighborhood characteristics.

For instance, Reid et al. found a significant relationship between all-types of alcohol outlets and violent crime (b=0.47, p<0.001).(38)  The authors found that sociodemographic variables were able to predict 61% of the variance in assaultive violence (R2=0.61) and AOD was able to explain an additional 9% of the variance (R2=0.09).  If AOD had a significant effect we would expect AOD to account for more of the variance in the model, especially when other parts of the model are able to account for a large amount of the variance.

We can see the effect of drug-law activity in a neighborhood by the Gorman et al. study.  The authors found that total alcohol outlet density showed a small effect on violent crime (b=0.116, p<0.001).(19)  The authors found that neighborhood socioeconomic characteristics accounted for 40% of the variability in crime between census tracts, alcohol outlet density accounted for 6% of violent crime in an area, and drug crime density accounted for 32% of violent crime.  Drug crime density in one census tract was also found to be significantly associated with violence in adjacent census tracts.  This points to the small effect that alcohol outlet density has on a neighborhood violence.

Zhu et al. found that an increase in the number of alcohol outlets from 12 to 48 would result in increasing the relative risk for violence 16%, whereas if the number of drug-law violations increased from 116 to 168 would result in an increase in the relative risk of 150% demonstrating that “the effects of alcohol outlets are quite modest compared to the effects of drug-law violations.”(21)

Another sign of a small effect size is that a change in policy may change the relationship between AOD and violence, rather than keeping constant.  In 2012, Xu et al. found a small effect size of AOD and violence and that this effect is weaker when policy is made to reduce AOD.(34)  The authors found that both off-premise (mean=0.182, 95%CI: 0.142, 0.222) and on-premise (mean=0.047, 95% CI: 0.0310, 0.0625) outlets are significantly related to violent crime.  The effect appears small.  Additionally the authors report that policy changes resulted in a decrease of violent crime, it is unexpected that a policy change would weaken the relationship between AOD and violent crime.  This shows the weak effect of AOD on violence.

In the articles above we can see that many of the articles showed the small effect size of the relation between AOD and violence.

[bookmark: _Toc260055309]4.7 Interpretation of Study Results
Due to the nature of the models used, it is challenging to interpret the results.  In several places our interpretation is different from what the authors themselves conclude.  We outline several examples below.  The authors either claimed to find a bigger effect than we found in their models or that the results from AOD and violence studies were more consistent than we found them to be.

Resko et al. claimed that alcohol outlet density was significantly related to AOD and violence.(42)  When we reviewed their paper we found that in their neighborhood-level results that AOD is significantly related to violence (p<0.05), IRR: 1.08, but the 95% CI contains the value 1.0 (95% CI: 1.00-1.16) so we found that this model does not indicate a significant association.  In their individual-level model, the authors did not find a significant relationship (IRR: 1.07, 95% CI: 0.96-1.19).

Another example of an article where we disagree with the authors conclusions is Scribner et al.(10)  The authors conclude that limiting AOD is a valid policy intervention in area where violence is a problem.  We disagree with this conclusion because in the model that has outlets per square mile only off-sale outlets were significantly related to violence.  Also, the model that shows outlets per 1,000 residents only off-premise outlets are significant.  This does not point to a strong policy recommendation for controlling of off-premise outlets.

Branas et al. claim that controlling AOD is a valid policy intervention at reducing violence.(43)  Looking at the results, the data suggests that only exposure to high off-premise outlet density is significantly associated with all gun assaults at the 0.05 significance level, but the confidence interval appears fairly wide (OR: 2.00, 95% CI: 1.05, 3.75).

Lipton et al. reported that although the relationship between alcohol outlets and violence is complex, it is still a valid policy implication for AOD and violence.(37)  We disagree with this conclusion because the only type of alcohol outlet that is associated with violence in his model is restaurants selling any type of alcohol.  Restaurants selling beer and/or wine only are not significantly related to violent crime.  The inconsistency in the results with regards to restaurants point to restaurants not being related to violent crime in his model.  Off-premise and nonstore/nonrestaurant alcohol outlets are not significantly related to violent crime.  We find that the results of the models in Lipton et al. too inconsistent to be able to recommend policy strategy based on results.   We find that the results of this study are like other studies we reviewed where the results are too inconsistent to make a general conclusion on the relationship between AOD and violence.

Grubesic and Pridemore found that violent crime tended to cluster around alcohol outlets.(31)  We find the association weak because only 5 clusters of violent crime and alcohol outlets are found to be significantly related.  We disagree that this provides evidence of importance of alcohol outlets because of the low number of associations.

These authors highlight a tendency in the literature to show that the association is stronger than we find it to be.  Many of the authors seemed to imply that the results were more consistent in showing an association than we found the results to have.

[bookmark: _Toc260055310]4.8 Off vs. On Premises Outlets
We found that papers tested off-premise outlets, on-premise outlets, bars, restaurants, and all types of alcohol outlets.  We found that the articles are inconsistent in their findings by outlet type to find an association to exist.

For off-premise outlets we found that a total of 18 studies looked at this outlet type.  Of these 18 studies, six studies did not find that this outlet type was associated with violence in any of their models and one study found that this outlet type was associated with violence in only one of their two models.  This result is misleading because as we outlined above, the earlier studies used more crude statistical techniques, such as linear regression, that may be inappropriate for the data and crude adjustment for the neighborhood.  In this outlet type, the effect of limitations of the earlier studies is that they were more likely to find a significant association.  If we look at the studies published most recently, since 2006, we see that there are twelve studies published using this outlet type.  Five of these studies found no significance for any of their outcomes and one that finds significance in only one of their outcomes.  So, roughly half of these articles report finding a significant association and half do not.  If we look at the studies published 2005 or before we find six studies.  Of these six studies, only one does not find a significant association between AOD and violence.  This bias may be due to crude neighborhood adjustment where the authors are finding that off-premise alcohol outlets are more likely to be in disadvantaged neighborhoods.

For on-premise outlets we find that the results are again inconsistent.  We found 8 studies that looked at this outcome.  Like above, we found that half, four, of the articles found an association.  Several of the articles tested a particular type of on-premise alcohol outlet or compared different types of on-premise alcohol outlets.  These on-premise alcohol outlet types can be separated into bars and restaurants.  If we look at bars we found that ten articles looked at this outcome type.  We found that seven of these articles showed a significant effect and an additional article showed significance in only one of their models.  This appears to show an effect, but many of these articles were published earlier that tended to find more of an association than later studies did when we look at other outlet types.  We found seven articles that looked at restaurants as outcomes.  The restaurant outcome is unique in our review because our theory is concentrated more on other outlet types.  Theory does point that restaurants may exhibit a slightly protective effect on a neighborhood, but we expect behavior around restaurants to be slightly different than other outlet types because the primary point of a restaurant is to serve food.  Consequently, we found that only three of the seven articles showed significant effect.  It does not appear that restaurants are associated with violence in any way.

The last alcohol outlet type that we found was all types of alcohol outlets combined.  These articles look at the effect of alcohol availability regardless of how the alcohol is served.  We found 26 articles that looked at this outlet type.  Seven of these articles did not find an association and one article only found an association for some of their outcomes.  This points to our contention that there appears to be some sort of effect.  Since this is violent crime (homicide, rape, aggravated assault, and robbery) and all alcohol outlet types combined we need to investigate further to understand where the effect is coming from.  Since no individual alcohol outlet type shows any general trend, we will next look at differences in violence type.  As stated previously, many of these articles show only a small effect size or have other methodological difficulties.

Inconsistencies of the results can be found if we look at the work of authors that compared multiple outlet type in their study to violence.  We found 16 articles that tested for multiple outlet types in their study.  Of these sixteen studies, only two of these articles found a consistent association or no association for different outlet types.  The others did not appear to show any sort of trend about which alcohol outlets were significant.

We found that no general trend exists for an association for violence in off-premise, all types of on-premise alcohol outlets, bars or restaurants.  In the on-premise outlet association we also see that more recent studies are able to provide a more reasonable estimate of the association than earlier studies. 

[bookmark: _Toc260055311]4.9 Violence Severity: Minor Violence vs. Severe Violence
In our review, we found that the results were too varied to support the assertion that severe violence is related to AOD.  Although not many studies included minor forms of violence, we found that studies that did include a minor form of violence showed a more consistent outcome than those that only included severe form of violence.  It also suggests that this relationship may be stronger for less serious forms of violence such as fights that initiate between drunk patrons at bars.  This would follow theories that postulate that bars, though the sale of alcohol, increase individuals at risk for minor crimes, particularly if they are intoxicated, but provide less evidence for routine activities theory that these areas are causing people to engage in serious crime.  This may be looked at in the lens of social control theory.(45, 62)  Alcohol establishments may influence social norms by weakening external controls making individuals more likely to engage in violent activities.  Alternatively, these establishments may provide a certain level of semiformal social control by reducing violence through bouncers and other patrons.(30) 

We can see the effect in individual studies as well as general trends of association across the articles.  Below is an example of two studies that include minor and severe forms of violence their models.  We can see that both studies find that minor forms of violence are more consistently related to AOD and also show a larger effect than more serious forms of violence.

One example of a study that included a minor form of violence is Franklin et al. who found that on-premise and off-premise outlets are only related to robbery (RR=1.04, p=0.006).(29)  On-premise and off-premise outlets are not significantly related to homicide or assault.  This supports our assertion that AOD is only related to minor violence.  Although robbery is an outcome beyond the scope of our review, it is a form of minor violence and can be used to help support our argument that AOD may only related to minor violence/crime.  Also, in his models many of the covariates adjusting for the neighborhoods are significant which is expected to account for a neighborhood.

An example of the difference in severe violence is Gyimah-Brempong 2001.(14)  He found that AOD was associated with violent crime and homicide, but he found that the effect was stronger with violent crime (b=0.8249, p<0.01) vs. homicide (b=0.1194, p<0.01).  When Grimah-Brempong 2006 refined his statistical technique in a later article he found even a greater difference in effect between homicide (b=0.0369, p<0.05) and violent crime (b=2.926, p<0.01).

The only study that we had that directly compared minor violence to severe violence was Pridemore and Grubesic who compared simple assaults to aggravated assaults.  The authors consistently found that simple assaults provided a stronger association for all types of alcohol outlets tested than aggravated assaults.  Also, the results were one of the few studies to find that their results were statistically significant in all of their models.

If we separate forms of violence into severe (homicide), moderate (assault), and minor a clearer association emerges.  In the homicide outcome we found nine articles that tested this outcome.  We found two articles that found no association in any of their models and two that found an association in only one of their alcohol outlet types tested.  Five articles appeared to find an association.  This follows the same pattern of alcohol outlet type where the results are too inconsistent to conclude an association exists.  For assault, we excluded the articles that used hospital discharge assault because we previously found that these results show a different exposure than the one we are interested in and the results are too unstable to include in this grouping of studies.  

We found eleven articles that used assault as an outcome.  We only found one article that did not find an association and an additional four that found an association for some alcohol outlet types and not others.  This shows slightly more articles find an association than for homicide, but again these articles are too varied to conclude that an association exists.  We last look at forms of minor violence.  

A total of seven articles looked at minor forms of violence with six articles combined minor violence with severe violence and minor violence combined in six of these studies and only one separating minor violence and severe violence.  We found that only two articles did not find an association and an additional one did not find an association in one of their models.  We see that more articles tend to find an association as the violence severity progresses from severe to minor.  We must be careful with making conclusions about minor violence because of reporting bias.  Homicide is more likely to be reported than simple assault.

It is likely that the association that exists is small, only for minor violence and at a small geographic level such as a census block.  The strongest association for violence was simple assault.  This suggests that what we are seeing is a marker for routine activities theory in which we have a place where young men congregate and drink alcohol.  We can see this in the Pridemore and Grubesic study where restaurants are associated with increased violence (simple assaults: b=1.152, p<0.001 & aggravated assaults: b=0.100, p<0.01).  This is in contrast to other studies that conclude that restaurants act as a protective effect and are associated with less violence.  These data do not suggest that there is any association beyond these minor violent acts.(28)

[bookmark: _Toc260055312]5.0 CONCLUSIONS
We found that increased alcohol outlet density is not related to severe forms of violence.  We did find that minor forms of violence may be related to areas with higher AOD, but the evidence is weak because we found only one article that directly compared minor violence to severe violence.  Future work should concentrate on separating forms of violence.  Other results are too varied to form any sort of conclusion based on other forms of violence or alcohol outlet type.

[bookmark: _Toc260055313]5.1 Policy Implications
One reason to use AOD as an outcome is that states control the number of alcohol licenses that are issued and consequently can control AOD.  If an association is found between AOD and violence, we could provide an evidence-based solution to reduce violence in areas where violence is a problem or, even more importantly, limit AOD to prevent violence in the first place.

For instance, in Pennsylvania, there is a Nuisance Bar Program that is aimed at reducing problem liquor establishments.(63)  This program is aimed at closing individual bars in a community where violence tends to congregate.  The program provides resources for the local community to work with local authorities to revoke a liquor license of a problem outlet.  Also, laws exist in Pennsylvania to control AOD, but these laws are loosely enforced which results in high AOD in certain areas.(64)  If we were to find an association we could provide an evidence backed policy.  Based on the trends from above, we do not see evidence to support a policy of limiting AOD in areas where violence is a problem.

[bookmark: _Toc260055314]5.2 Future Work and Final Remarks
More work needs to be done to understand how to account for neighborhood effects.  The studies we found did not show much consistency and the theory does not provide a clear answer.  It is not entirely clear why alcohol outlets congregate in some neighborhoods over others and how these outlets may interact with other aspects of a neighborhoods.  A better understanding of these effects and further development of theories may lead to better understanding of what covariates should be included in the model.  In light of the evidence above, other neighborhood factors need to be considered that might contribute to violence in a neighborhood or alcohol outlets may be interacting with other aspects of a neighborhood to contribute to the violence.

Future work should also concentrate on understanding if a relationship exists between minor violence and different types of alcohol outlets.  Studying minor violence can be challenging because of reporting bias and novel techniques need to be developed to understand if an association between AOD and minor violence exists.
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[bookmark: _Toc260055337]Table 2: Summary of outcome by outlet type for all types of violence
	Reference
	Off-Premise
	On-Premise
	All Types

	
	
	All Types
	Bars
	Restaurants
	

	Roncek and Bell (1981)
	--a
	--
	Yb
	--
	--

	Roncek and Pravatiner (1989)
	--
	--
	Y
	--
	--

	Roncek and Maier (1991)
	--
	Y ,Y, Yc
	--
	--
	--

	Scribner et al. (1995)
	Y
	Y
	--
	--
	Y

	Alaniz et al. (1998)
	Y
	--
	--
	--
	--

	Gorman et al. (1998)
	--
	--
	--
	--
	Nd

	Speer et al. (1998)
	--
	--
	--
	--
	Y, Y

	Scribner et al. (1999)
	Y, Y
	N, N
	--
	--
	N, N

	Peterson et al. (2000)
	--
	--
	Y, Y, Y
	--
	--

	Costanza et al. (2001)
	Y
	--
	N
	--
	--

	Escobedo and Ortiz (2002)
	--
	--
	--
	--
	N

	Gorman et al. (2001)
	--
	--
	--
	--
	Y

	Gyimah-Brempong (2001)
	--
	--
	--
	--
	Y, Y

	Lipton and Gruenewald (2002)
	N
	--
	Y
	Y
	--

	Nielsen and Martinez (2003)
	--
	--
	--
	--
	Y

	Reid et al. (2003)
	--
	--
	--
	--
	Y

	Zhu et al. (2004)
	--
	--
	--
	--
	Y, Y

	Britt et al. (2005)
	--
	--
	--
	--
	Y

	Gorman et al. (2005)
	Y
	--
	--
	--
	N

	Gruenewald et al. (2006)Table 2 Continued

	N
	--
	N
	N
	--

	Gruenewald and Remer (2006)
	N
	--
	Y
	N
	--

	Gyimah-Brempong (2006)
	--
	--
	--
	--
	Y, Y

	Zhu et al. (2006)
	--
	--
	--
	--
	Y

	Waller et al. (2007)
	--
	--
	--
	--
	N

	Murray and Roncek (2008)
	Y
	--
	Y
	N
	--

	Wheeler and Waller (2008)
	--
	--
	--
	--
	Y

	Yu et al. (2008)
	--
	--
	--
	--
	Y

	Branas et al. (2009)
	Y, Y
	N, N
	--
	--
	N, N

	Theall et al. (2009)
	Y, Y
	--
	--
	--
	--

	Yu et al. (2009)
	--
	--
	--
	--
	Y

	Franklin et al. (2010)
	N, N
	N, N
	--
	--
	N, Y, Y

	Gruenewald et al (2010)
	Y, Y
	--
	N, Y
	N, N
	--

	Resko et al. (2010)
	--
	--
	--
	--
	N

	Grubesic and Pridemore (2011)
	--
	--
	--
	--
	Y

	Parker et al. (2011)
	--
	--
	--
	--
	Y, Y

	Pridemore and Grubesic (2011)
	Y, Y
	--
	Y, Y
	Y, Y
	Y, Y

	Toomey et al. (2012)
	Y, N
	Y, Y
	--
	--
	Y, Y

	Xu et al. (2012)
	Y
	Y
	--
	--
	--

	Han and Gorman (2013)
	N, N
	--
	--
	--
	--

	Lipton et al. (2013)
	N, N, N
	N, N, N
	--
	Y, Y, Y
	--

	Mair et al. (2013)
	--
	--
	--
	--
	Y

	Notes:
	
	
	
	
	

	a -- = Not Applicable
	
	
	
	

	b Y = significant result found (p<0.05) or coefficient shows an effect
	

	c Multiple Y/N means that multiple models in paper for outcome.
	

	d N = non-significant result or coefficient does not show an effect
	


Table 2 Continued






[bookmark: _Toc260055338]Table 3: Summary of association by alcohol outlet type and homicide
	Reference
	Off-Premise
	On-Premise
	All Types

	
	
	All Types
	Bars
	Restaurants
	

	Roncek and Maier (1991)
	--a
	Yb
	--
	--
	--

	Scribner et al. (1999)
	Y, Yc
	N, Nd
	--
	--
	N, N

	Peterson et al. (2000)
	--
	--
	Y
	--
	--

	Escobedo and Ortiz (2002)
	--
	--
	--
	--
	N

	Gyimah-Brempong (2001)
	--
	--
	--
	--
	Y

	Gyimah-Brempong (2006)
	--
	--
	--
	--
	Y

	Branas et al. (2009)
	Y
	N
	--
	--
	N

	Franklin et al. (2010)
	N
	N
	--
	--
	N

	Parker et al. (2011)
	--
	--
	--
	--
	Y, Y

	Notes:
	
	
	
	
	

	a -- = Not Applicable
	
	
	
	

	b Y = significant result found (p<0.05) or coefficient shows an effect
	

	c Multiple Y/N means that multiple models in paper for outcome.
	

	d N = non-significant result or coefficient does not show an effect
	





[bookmark: _Toc260055339]Table 4: Summary of association by alcohol outlet type and violent crime (murder, forcible rape, robbery, and aggravated assault and other combined crime outcomes
	Reference
	Off-Premise
	On-Premise
	All Types

	
	
	All Types
	Bars
	Restaurants
	

	Roncek and Bell (1981)
	--a
	--
	Yb
	--
	--

	Roncek and Pravatiner (1989)
	--
	--
	Y
	--
	--

	Roncek and Maier (1991)
	--
	Y
	--
	--
	--

	Scribner et al. (1995)
	Y
	Y
	--
	--
	Y

	Alaniz et al. (1998)
	Y
	--
	--
	--
	--

	Gorman et al. (1998)
	--
	--
	--
	--
	Nd

	Speer et al. (1998)
	-
	--
	--
	--
	Y, Yc

	Peterson et al. (2000)
	--
	--
	Y
	--
	--

	Gorman et al. (2001)
	--
	--
	--
	--
	Y

	Gyimah-Brempong (2001)
	--
	--
	--
	--
	Y

	Nielsen and Martinez (2003)
	--
	--
	--
	--
	Y

	Reid et al. (2003)
	--
	--
	--
	--
	Y

	Zhu et al. (2004)
	--
	--
	--
	--
	Y, Y

	Britt et al. (2005)
	--
	--
	--
	--
	Y

	Gorman et al. (2005)
	Y
	--
	--
	--
	N

	Gyimah-Brempong (2006)
	--
	--
	--
	--
	Y

	Zhu et al. (2006)
	--
	--
	--
	--
	Y

	Waller et al. (2007)
	--
	--
	--
	--
	N

	Wheeler and Waller (2008)
	--
	--
	--
	--
	Y

	Yu et al. (2008)
	--
	--
	--
	--
	Y

	Yu et al. (2009)
	--
	--
	--
	--
	Y

	Franklin et al. (2010)
	--
	--
	--
	--
	Y

	Toomey et al. (2012)
	N
	Y
	--
	--
	Y

	Xu et al. (2012)
	Y
	Y
	--
	--
	--

	Han and Gorman (2013)
	N
	--
	--
	--
	--

	Lipton et al. (2013)
	N, N, N
	N, N, N
	--
	Y, Y, Y
	--

	Notes:
	
	
	
	
	

	a -- = Not Applicable
	
	
	
	

	b Y = significant result found (p<0.05) or coefficient shows an effect

	c Multiple Y/N means that multiple models in paper for outcome.
	

	d N = non-significant result or coefficient does not show an effect
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[bookmark: _Toc260055340]Table 5: Outcome association by alcohol outlet type and assaults using incident address
	Reference
	Off-Premise
	On-Premise
	All Types

	
	
	All Types
	Bars
	Restaurants
	

	Roncek and Maier (1991)
	--a
	Yb
	--
	--
	--

	Peterson et al. (2000)
	--
	--
	Y
	--
	--

	Costanza et al. (2001)
	Y
	--
	Nd
	--
	--

	Nielsen and Martinez (2003)
	--
	--
	--
	--
	Y

	Murray and Roncek (2008)
	Y
	--
	Y
	N
	--

	Branas et al. (2009)
	Y
	N
	--
	--
	N

	Franklin et al. (2010)
	N
	N
	--
	--
	Y

	Grubesic and Pridemore (2011)
	--
	--
	--
	--
	Y

	Pridemore and Grubesic (2011)
	Y, Yc
	--
	Y, Y
	Y, Y
	Y, Y

	Toomey et al. (2012)
	Y
	Y
	--
	--
	Y

	Han and Gorman (2013)
	N
	--
	--
	--
	--

	Notes:
	
	
	
	
	

	a -- = Not Applicable
	
	
	
	

	b Y = significant result found (p<0.05) or coefficient shows an effect
	

	c Multiple Y/N means that multiple models in paper for outcome.
	

	d N = non-significant result or coefficient does not show an effect
	





[bookmark: _Toc260055341]Table 6: Outcome association by alcohol outlet type and minor violence
	Reference
	Off-Premise
	On-Premise
	All Types

	
	
	All Types
	Bars
	Restaurants
	

	Britt et al. (2005)
	--a
	--
	--
	--
	Yb

	Theall et al. (2009)
	Y, Yc
	--
	--
	--
	--

	Resko et al. (2010)
	--
	--
	--
	--
	Nd

	Grubesic and Pridemore (2011)
	--
	--
	--
	--
	Y

	Pridemore and Grubesic (2011)
	Y
	--
	Y
	Y
	Y

	Toomey et al. (2012)
	Y, N
	Y, Y
	--
	--
	Y, Y

	Han and Gorman (2013)
	N, N
	--
	--
	--
	--

	Notes:
	
	
	
	
	

	a -- = Not Applicable
	
	
	
	

	b Y = significant result found (p<0.05) or coefficient shows an effect
	

	c Multiple Y/N means that multiple models in paper for outcome.
	

	d N = non-significant result or coefficient does not show an effect
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